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Preface 
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treatment, microwave heating, antimicrobial, self-cleaning, 2,3-Dihydro-1,4-benzodioxin-6-amine, 
antibacterial activity, enzyme inhibition, planetol, Therapeutic Agents, Acid, corrosion, inhibition, dithiole 
thione, mild steel, electrochemical impedance spectroscopy, 4-Phenyl-1,2-dithiol-3-thione, Glibenclamide, 
spectrophotometry, thermodynamics, charge transfer, DDQ, Bombax brevicuspe, tropical timber, thermal 
characteristics, phytochemical and functional groups, Polymeric materials, blending technique, cellulose 
acetate, polystyrene, SEM analysis, phase morphology, Antioxidant, membrane stabilization, anti-
inflammatory, red blood cells, G. oreophila, Methanol and Dichloromethane Extract, Terbenafine 
hydrochloride, clarithromycin, spectrophotometer and picric acid Analysis of Drugs, Kinetics, mechanism, 
oxidant Ce(IV), ethyl diethylene glycol, Ir(III) catalyst and suplhuric acid, CCl4, GSE, a-tocopherol, 
ultrastructural changes, intoxicated hepatocytes, electron microscopy etc. This book contains various 
materials suitable for students, researchers and academicians in the field of Research and Development 
in Chemistry. 
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Study on the Adsorption of Pb, Zn, Cu, Ni, and Cd by 
Modified Ligand in a Single Component Aqueous 
Solution: Equilibrium, Kinetic, Thermodynamic, and 
Desorption Studies 
 
E. Igberase1*, P. Osifo1 and A. Ofomaja1 
 
DOI: 10.9734/bpi/crdc/v4 

 
 

ABSTRACT 
 

In this investigation, an amino functionalized adsorbent was developed by grafting 4-aminobenzoic 
acid onto the backbone of cross-linked chitosan beads. The 3 sets of beads including chitosan (CX), 
glutaraldehyde cross-linked chitosan (CCX), and 4-aminobenzoic acid grafted cross-linked chitosan 
(FGCX) were characterized by FTIR, XRD, SEM, and TGA. The water content and amine 
concentration of FGCX were determined. The effect of adsorption parameters was studied and the 
optimum was used for further studies. Equilibrium data was obtained from the adsorption experiment 
carried out at different initial concentration; the data were applied in isotherm, thermodynamics, and 
kinetic studies. The Langmuir and Dubinin-Kaganer-Radushkevich (DKR) models were successful in 
describing the isotherm data for the considered metal ions while the Freundlich and Temkin model fit 
some of the considered metal ions. Pseudo-second-order and intraparticle model described the 
kinetic data quite well. Thermodynamic parameters such as Gibb’s free energy change (Δ �° ), 
enthalpy change (Δ�°), and entropy change (Δ�°) were calculated and the results showed that the 
adsorption of Pb, Cu, Ni, Zn, and Cd ions onto FGCX is spontaneous and endothermic in nature. 
Regeneration of the spent adsorbent was efficient for the considered metal ions.  
 
Keywords: Adsorption; aqueous solution; equilibrium; kinetic; thermodynamic. 
 

1. INTRODUCTION 
 
Metals used across chemical, electroplating, leather, tan-nery, galvanizing, mining, pigment, and dye 
industries are regarded as the major toxic unbiodegradable elements present in the world today. This 
becomes a treat as the industrial effluents containing a reasonable amount of harm-ful metal ions are 
discharged into the environment without possible remediation which resulted in environmental issues; 
hence the environmental protection agency (USEPA) has considered certain metals as carcinogenic 
and bioaccumula-tive element. Among the most toxic metals are Cu, Cd, Pb, Zn, and Ni. These 
metals have been reported by researchers to have negative health effect on humans, aquatic life, 
plant, and the environment at large [1–4]. Various techniques have been applied for the removal of 
metal ions from industrial wastewaters including chemical precipitation, membrane separation, 
reverse osmosis, ion exchange, and nanofiltration [5] These methods can be applied alone or 
integrating more than one method together, such as chemical precipitation prior to nanofiltration [1]. 
This procedure has been reported to be disadvantaged due to incomplete removal, high energy 
requirements, and production of toxic waste sludge which needs to be treated and disposed [6]. 
Recently, researchers have developed a more cost effective method to reduce or completely remove 
the metal ions to its allowable limit as given by USEPA. T hus, increasing the quality of the treated 
wastewater. Adsorption has proven to be of high standard due to its simple design and operation, low 
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cost, effectiveness, and outstanding chelating behaviour and can be regenerated by some desorption 
techniques [7–9]. 
 
However, in providing cheaper and cleaner technology for the treatment of wastewater with toxic 
metal ions, chitosan is considered the solution. Chitosan is a derivative of N-deacetylation of chitin 
and chitin is a naturally occurring polysaccharide found in crustacean and microbial biomass [8]. The 
presence of amine (–NH2) and hydroxyl functional group in the back bone of chitosan gives the 
polymer its distinctive adsorption quality. Amine groups are mainly responsible for the binding of Cu, 
Cd, Pb, Zn, and Ni cations as shown in 
 

−���
� + ��� → ������ + ��                                                                                                (1) 

 
However, the adaptability of chitosan allows the polymer to be simply modified; hence, chemical 
modification techniques such as cross-linking and grafting become necessary. Cross-linking happens 
when a chemical or compound referred to as the cross-linker makes intermolecular covalent bridge 
between chains (Fig. 1). The mechanism involves the for-mation of Schiff base via nucleophilic attack 
by the nitrogen of the amino group (from chitosan) on the carbon of the glutaraldehyde which 
displaces the oxygen of the aldehyde resulting in the C=N bond [10]. Cross-linking results in 
insolubility as the chains are attached together by strong covalent bond [11]. Consequently, cross-
linking also has its short comings. Authors such as Gyananath and Balhal [12] and Igberase et al. [5] 
reported that cross-linking reduces the adsorption capacity of adsorbents Table 2; hence grafting of 
some functionality onto the cross-linked material becomes important. Grafting of chitosan allows the 
formation of functional derivatives by covalent binding of a molecule onto chitosan backbone. Fig. 2 
shows the proposed grafting reaction of 4-aminobenzoic acid onto cross-linked chitosan. However, in 
this Figure the grafting material binds to the amino and hydroxyl group in the polymeric chain leading 
to a large number of adsorption sites. 
 

 
 

Fig. 1. Schematic representation of the cross-linking process of chitosan 
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Fig. 2. Schematic representation of the proposed structure of the grafting process of the 
cross-linked chitosan beads 

 
The focus of this study is to consider the possible appli-cation of a modified ligand for the effective 
removal of metal ions in batch mode. On this note, chitosan solution was cross-linked with 2.5% 
glutaraldehyde concentration (Fig. 1). The cross-linked solution was used in preparing the beads and 
then grafted with 4-aminobenzoic acid to produce FGCX (Fig. 2). The water content amine 
concentration in the developed ligand was determined. The beads were characterized by Fourier 
transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), thermogravimetric analysis (TGA), 
and scanning electron microscope (SEM) to provide evidence of successful modification process. The 
effect of adsorp-tion parameters on the binding of metal ions onto FGCX was investigated. FGCX was 
used in adsorption studies. Adsorption/desorption studies were investigated in others to determine the 
cost effectiveness of the produced FGCX. 
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2. EXPERIMENTAL 
 

2.1 Materials and Equipment  
 
Materials used in this study were of analytical grade. Chitosan powder with a degree of deacetylation 
of 74% was obtained from China. The powder was used in preparing chitosan beads. Glutaraldehyde 
and 4-amino-benzoic acid (>99.5%) were purchased from Sigma-Aldrich. Domestic oven was used in 
the grafting of the cross-linked beads. Hydrochloric acid (>99%), acetic acid (>99%), and sodium 
hydroxide (>99%) were all purchased from Sigma-Aldrich. The pH of the solution was adjusted with a 
pH meter (Hanna HI 8421) and was purchased from Sigma-Aldrich. Distilled water was produced with 
a pure water distiller (Ultima 888 water distiller) in the school laboratory. A shaker (labcon incubator) 
was used for adsorption studies. 
 
Atomic adsorption spectrophotometer (Varian SpectrAA-10) was applied in determining the amount of 
metal ions adsorbed. 
 

2.2 Adsorbate Preparation 
 
The stock solutions of Cu2+, Cd2+, Zn2+, Pb2+, and Ni2+ were obtained by separately preparing a 
calculated mass of CuSO4⋅5H2O, CdCl2 ⋅H2O, Zn(NO3)2⋅6H2O, Pb(NO3)2, and NiSO4⋅6H2O. This stock 
solution produced was again diluted with distilled water to obtain the relevant initial concentrations of 
0.5 to 2.5 mmol/l. 
 

2.3 Preparation of Ligand and Possible Modification  
 
Chitosan solution was prepared by dissolving 30 g of chitosan powder in 1 L of 5.0% (v/v) acetic acid 
solution. The dissolved solution was mixed with 2.5% glutaraldehyde solution and stirred with a 
magnetic stirrer for 2 hrs in others to achieve cross-linking reaction. The cross-linked solution was 
then passed through a glass pipette with the aid of a peristaltic pump to a 1 M solution of sodium 
hydroxide; this proce-dure results in the formation of glutaraldehyde-cross-linked chitosan gel beads. 
The gel beads were rinsed with distilled water several times to remove any residue sodium hydroxide. 
T he beads produced by this method have mean diameter of 3.3 mm. Consequently, the cross-linked 
beads were grafted by microwave irradiation. This was actualised by mixing 4 g of the cross-linked 
beads in 0.1 g/l of 4-aminobenzoic acid in an open neck flask. This flask was then placed in a 
domestic microwave oven with a medium-low power for 20 mins. 
 
The grafted-cross-linked beads were again rinsed with distilled water and ready to be applied for 
studies. The water content (��) present in the FGCX was determine using 
 

�� =
�����

��
,                                                                                                                              (2) 

 

where �� and �� denote the weights of wet FGCX and dry FGCX, respectively. 
 

2.4 Determination of Amine Concentration of the Grafted-Cross-Linked Beads  
 

10.0 g of the grafted cross-linked beads was weighed and ground with an 18mm Teflon pestle; the 
grounded beads were mixed with distilled water up to a 100 ml.The solutionwas stirred continuously 
with amagnetic stirrer and titrated with 1M of HCl. The pH of the solution was recorded at time 
interval; the result obtained from the experiment was used to determine the amine concentration in 
mmol/g of adsorbent. 
 

2.5 Characterization of the Beads  
 

Approximately 1.0 g of CX, CCX, and FGCX was separately weighed and oven dried at 60°C and 
blended to its powdered form. The infrared measurement was done with a Shimadzu FTIR model 
8300 Kyoto, Japan; the spectra were recorded in the range of 500–4000 cm

−1
. The crystallinity of the 

beads was studied with a Shimadzu XRD model 7000; the intensities were recorded in the range of 
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10–90° (2�). The weight loss of the beads at different temperatures was studied with a Shimadzu 
TGA 8000 Japan. 
 
The SEM analysis was done by separately bisecting CX, CCX, and FGCX in other to get a distinct 
vision of the inner fibres. The bisected beads were then coated with gold and the morphology of the 
coated beads was studied with a Jeol 733 super probe. 
 

2.6 Adsorption Studies  
 
A known mass of FGCX was transferred into a series of Erlenmeyer flasks; then samples of 100mL 
having a known concentration were measured into each flask. The pH of the samples was adjusted by 
0.1M HCl and 0.1M NaOH. The effect of adsorption parameters was observed under the following 
conditions: pH (2–8), contact time (10–80) min, initial concentration (0.5–2.5)mmol/L, adsorbent 
dosage (2–10) g/L, temperature (25–55)°C, and ionic strength (0.05–0.2) M. The experiment was 
carried out in duplicate and the average result was shown in this study. 
 
Isotherm studies were carried out by transferring 6 g/L of FGCX, separately into a series of 250mL 
Erlenmeyer flasks; each of the flaskswas filled with 100mL of eachmetal solution with different initial 
concentrations of 0.5–2.5mmol/L and at temperature of 45°C. These initial concentrations were 
prepared from a stock solution and then adjusted to optimum pH. In other to attain equilibrium, the 
Erlenmeyer flasks were placed in a labcon incubator for 60 min; the agitation speedwas at 
150rpm.Thermodynamics was carried out at an initial concentration of 0.5mmol/L. Kinetics was 
investigated upon by mixing 6 g/L of FGCX with 100mL of metal ions solution in a series of 250mL 
Erlenmeyer flasks having initial concentration of 0.5mmol/L. In order to attain equilibrium, the 
Erlenmeyer flasks were placed in a labcon incubator, the solution was shaken at 150rpm, and the 
temperature was fixed at 45°C. Samples were taken at interval of 10–60 min and analysed for metal 
ions removal. This procedure was observed for Pb, Cu, Ni, Cd, and Zn. 
 
To determine the amount of metal ion adsorbed, the equilibrium adsorption capacity was calculated 
from the mass balance equation as shown in 
 

�� =
(�����) ��

�
,                                                                                                                          (3) 

 
where ��  (mmol/g) is the equilibrium adsorption capacity, ��  and ��  are the initial and 
equilibriumconcentration (mmol/l) of heavy metal ion in solution, respectively, while �  (mL) is the 
volume and � (g) is the weight of the adsorbent. The percentage removal of metal ions from the 
single component mixture was calculated by 
 

% � =
(�����) 

��
×  100.                                                                                                               (4) 

 
2.7 Theory of Evaluation of Data 
 
2.7.1 Isotherm model  
 
Equilibrium is reached when the capacity of the binding material is achieved and the rate of binding 
corresponds with the rate of desorption [12]. Basically, the binding capacity of an adsorbent can be 
obtained from isotherms such as Langmuir, Freundlich, Temkin, and DKR model. The constants from 
the model are measures of binding capacity of adsorbent for the considered metal ions. 
 
The Langmuir model is based on the fact that every adsorption site is identical and energetically 
equivalent and assumes that the adsorption occurs at specific homogeneous sites on the adsorbent 
and this is used successfully in monolayer adsorption processes [13]. Thismodel is described in the 
linear form in 
 

��

��
=

��

��
+

�

����
   (Linear form)                                                                                                  (5) 
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The Langmuir constant ��  (mmol/g) represents the maximum adsorption capacity and ��  (l/mmol) 
relates to the rate of adsorption. Higher values of ��  indicate much stronger affinity of metal ion 
adsorption [14]. The parameters of the Langmuir model can be estimated from the slope and 
intercepts of ��/�� versus ��. The basic characteristics of Langmuir model can be shown in terms of a 
dimensionless constant known as separation factor (��) which is used to project if an adsorption 
systemis favourable or not favourable [15], as shown in (6).Theconditions of �� > 1, �� = 1 and �� 
between 0 and 1 signify unfavourable, linear, and favourable, respectively, 
 

�� =
�

� �����
.                                                                                                                             (6) 

 
The empirical Freundlich isotherm is based on the equilibrium relationship between heterogeneous 
surfaces. This isotherm is derived from the assumption that the adsorption sites are distributed 
exponentially with respect to the heat of adsorption [16].This model is described in the linear form in 
 

��� �� = ��� �� +
�

�
 ��� �� (Linear form).                                                                                 (7) 

 
�� and � are constants representing the adsorption capacity and adsorption intensity, respectively. 
The parameters of this model can be calculated from the slope and intercepts of ��� �� versus ��� �� 
plot; under normal adsorption conditions, the values of � should be in the range of 1 to 10 [17]. 
 
The derivation of the Temkin model is based on the heat of adsorption of metal ions which assumes 
the relationship between metal ions and adsorbent is linear and is described by 
 

�� =
��

�
 (�� � +  �� ��),                                                                                                            (8) 

 
��

�
=  �,                                                                                                                                     (9) 

 
where � (8.314 Jmol/K) is the universal gas constant, � (K) is the temperature, and �� (mmol/L) is the 
equilibrium concentration of metal ions. �  (L/mmol) and �  (J/mol) are Temkin isotherm constants 
associated with equilibrium adsorption constant and intensity of adsorption (9), respectively. Alinear 
plot of amount adsorbed �� versus ln �� gives the values of the constant � and � from the slope and 
intercept of the graph, respectively. 
 
The unique feature of DKR model is that it is temperature dependent [18]; this model has been 
applied to study the adsorption of metal ions onto adsorbent [19]. The model equation is shown in 
 

�� �� = �� �� − �����,                                                                                                            (10) 
 
where ���  (mol

2
/KJ

2
) and �� (mmol/g) are the DKR isotherm constants and � is the Polanyi potential 

which is defined by 
 

� = �� ln �1 +
�

��
�.                                                                                                                  (11) 

 
The slope and intercept of the plot of �� ��  versus �  give ���  and �� , respectively. However, the 
adsorption energy required to remove each molecule of metal ions from its position into the adsorption 
site can be calculated using the relation in 
 

� =
�

������
.                                                                                                                            (12) 

 
The value of � is vital and can be applied in obtaining the nature of adsorption process; if the value of 
� is <8 kJ/mol, then the adsorption process is physical in nature but if it is between 8 and 16kJ/mol 
then it can explain by ion exchange mechanism [20]. 
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2.7.2 Thermodynamic parameters of adsorption  
 
The original ideal of thermodynamics is based on the assumption that in a system that is kept 
isolated, where energy cannot be gained or lost to the surroundings, the entropy change is the driving 
force. In environmental engineering practice, both energy and entropy factors must be considered to 
decide what processes will occur spontaneously [21]. The entropy and enthalpy change, associated 
with the process, can be calculated from 
 

�� � =  −
��°

��
+

��°

�
.                                                                                                                 (13) 

 
The Gibbs free energy change, ��°, is the fundamental criterion of spontaneity. Reactions occur 
spontaneously at a given temperature if ��°  is a negative quantity [21]. The free energy of the 
adsorption reaction, considering the adsorption equilibrium constant, �, is given by 
 

��° = −�� �� �.                                                                                                                     (14) 
 
The equilibrium constant “�” as defined mathematically by Liu et al. [17] is given in 
 

� =
��

��
.                                                                                                                                    (15) 

 
��° is the entropy change while ��° is the enthalpy change. ��° and ��° can be calculated from the 
slope and intercept of a plot of �� � as a function of 1/�. 
 

2.8 Adsorption Kinetics 
 
The evaluation of kinetics of a system can disclose the mechanism of binding. Most researchers apply 
the pseudo-first-order kinetics of Lagergren [22], the pseudo-second-order kinetic model that was 
introduced by Ho & McKay [23], and the intraparticle diffusion model as shown in (16)–(18) to 
describe kinetic data. These models are used to investigate the controlling mechanism of adsorption 
process 
 

���(�� − ��) =  ���(��) − �
��

�.���
,                                                                                            (16) 

 
where ��  and ��  represents the amount of copper ions absorbed on the adsorbent (mmol/g) at 
equilibrium and time �, respectively. �� (min

−1
) is the rate constant of the pseudofirst-order kinetics. 

The value of adsorption rate constant, �� can be calculated from the straight-line plot of ���(�� − ��) 
versus � 
 

�

��
=

�

����
� +

�

��
�,                                                                                                                       (17) 

 
where �� (g/mmol⋅min) is the rate constant for a pseudosecond-order model and the definitions of �� 
and �� remain the same. The slope and intercept of the linear plot of �/�� versus � give the values of 
�� and ��, respectively. 
 
Intraparticle diffusion model is very vital in that it is the rate determining step in any liquid adsorption 
system [14]. In a properly stirred batch adsorption system, the intraparticle diffusion model has been 
applied in analysing the adsorption process taking place in the porous adsorbent [24]. 
 
Intraparticle diffusion model varies directly with the rate constant and also the square root of time 

tKq idmt                      (18) 

where � is the time (min) and ���� (mmol/gmin
1/2

) is the intraparticle diffusion rate constant. The slope 
of the linear plot of �� against ��/� gives the value of ����. 
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3. RESULTS AND DISCUSSION 
 
3.1 Characterization 
 
3.1.1 Determination of water and amine content in FGCX  
 
The water content present in GFCX was found to be 74.6%. This water content is vital for the effective 
transport of metal ions to adsorption site. Consequently, in determining the amine concentration of 
FGCX the pH as a function of the amount of acid added was studied and the point of inflection from 
the graph directed to the �-axis gave the value of amine concentration. The amine concentration of 
FGCX was found to be 5.3 mmol/g. 
 

3.2 XRD Result  
 
The crystallinity of the three sets of beads was studied with X-ray diffraction analyser. Fig. 3(a), 3(b), 
and 3(c) show the diffraction pattern of chitosan, crosslinked chitosan and grafted cross-linked 
chitosan beads, respectively. The non-cross-linked chitosan is said to be crystalline in nature; this 
crystalline nature prevents the amine group from binding efficiently with adsorbate [9]. A common 
feature of 2� = 20° which corresponds to 110 planes of chitosan was observed in Fig. 3(a) and 3(b); 
this is because it is possible to modify chitosan and still retain some of its properties. However, in           
Fig. 1(c) there was a slight shift in the peak to 2� = 25° due to copolymer formation which provides 
evidence of successful grafting. A similar trend was reported by Igberase et al. [5]. Also in Fig. 3(c), 
the intensity reduced drastically because some of the crystalline chains have been eliminated during 
grafting process. 
 

 
 

Fig. 3. XRD of CX, CCX, and FGCX, respectively 
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3.3 SEM Result  
 
SEM was utilized to analyse the morphology and changes of chitosan after cross-linking and grafting. 
SEM images of the different set of beads are presented in Fig. 4(a), 4(b), and 4(c). The surface of 
CCX appears to be more visible and smooth as compared to CX due to the reaction between native 
chitosan beads and glutaraldehyde and as such glutaraldehyde has been chemically bonded with 
chitosan. The grafting of 4-aminobenzoic acid onto the backbone of cross-linked beads lead to the 
evenness of the surface. 
 

 
 

Fig. 4. SEM analysis of chitosan, cross-linked chitosan and grafted cross-linked chitosan 
beads, respectively 

 

 
 

Fig. 5. FTIR of chitosan and cross-linked chitosan beads 
 

3.4 FTIR Result  
 
The infrared spectroscopy was used to pro-vide evidence of comparable difference between the three 
sets of beads which are CX, CCX, and FGCX (Fig. 5). T he broad band of chitosan, cross-linked 
chitosan, and grafted cross-linked chitosan at wavelengths 3384 cm−1, 3385 cm−1, and 3389 cm−1 
indicates the presence of exchangeable protons which is from alcohol and amine group. The slight 
shift in band may be due to exchangeable protons in the modifica-tion process. The C–H stretch at 
wavelengths of 2918 cm

−1
, 2926 cm

−1
, and 2875 cm

−1
 corresponds to chitosan, cross-linked chitosan, 
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and grafted cross-linked chitosan, respec-tively [30]. All three sets of beads had a common 
wavelength of 1000 cm

−1
 which indicates C–O stretching vibration, since it is possible for an 

adsorbent to retain some of its properties after modification [5]. The sharp peaks at wave-length 1217 
cm

−1
 and 1508 cm

−1
 in the cross-linked chitosan beads correspond to C–N stretching vibration and 

N=O stretching vibration, respectively. The IR spectra of the cross-linked chitosan beads showed 
increase in intensity between wavelength 1217 cm

−1
 and 1653 cm

−1
 as compared to chitosan beads. 

Subsequently the grafted cross-linked chitosan showed increase in intensity between wavelength 
1195 cm−1 and 1653 cm−1. This provides evidence of successful modification. 
 

3.5 TGA Result  
 
TGA was used to study the thermal prop-erties when heat is applied in the three set of beads. A plot 
of weight % versus temperature was done to study the thermal stability of the set of beads. Fig. 6 
depicts the stages involved in the thermal degradation of the sets of beads. The decomposition of CX 
took place in 3 stages; in the first stage there was 6% weight loss between temperatures of 34 and 
148°C which corresponds to the removal of water from the adsorbent [31]. The second stage started 
at 250°C up to 320∘C with 36% weight loss. This loss of weight is ascribed to the dehydration of the 
saccharide rings, depolymerisation, and decomposition of the acetylated and deacetylated units of 
adsorbent [32]. In the third stage there was 51% loss of weight above 400°C. This stage is the 
decomposition of non-cross-linked chitosan. 
 

 
 

Fig. 6. TGA of CX, CCX, and FGCX 
 
The CCX showed a 5% weight loss at temperatures between 34 and 141°C during the first stage. The 
second stage started at 227°C and continued up to 330°C with 31% weight loss. In the third stage, 
there was 10% weight loss above 500°C. This loss of weight in the 1st, 2nd, and 3rd stages 
corresponds to removal of surface water, depolymerisation, and decomposition of the acetylated and 
deacetylated units of adsorbent and decomposition of cross-linked chitosan, respectively [31,32]. 
 
The FGCX showed a 10% weight loss at temperatures between 51 and 150°C in the first stage of 
degradation. The second stage started at 280°C and continued up to 398°C with 24% weight loss. In 
the third stage, there was 15% weight loss above 500°C. This loss of weight in the 1st, 2nd, and 3rd 
stages corresponds to removal of surface water, depolymerisation, and decomposition of the 
acetylated and deacetylated units of adsorbent and decomposition of grafted cross-linked chitosan, 
respectively [31,32]. 
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3.6 Effect of Solution pH  
 
Metal binding efficiency of amino-functionalized ligand is greatly affected by pH, since it influences the 
surface charge of ligands and ionisation degree [33]. It also impacts on the level of adsorbate 
precipitation and the nature of structures formed between adsorbate and adsorbents. A plot of 
percentage removal against solution pH was made to obtain the optimum pH for the binding of heavy 
metal ions onto grafted cross-linked chitosan beads, as presented in Fig. 7. In this figure there was a 
noticeable reduction in percentage removal at lower pH values which is mainly due to the protonation 
of the amine group that creates an electrostatic repulsion between the metal ions in solution and the 
amine group of chitosan. As the pH is increased the surface of the beads becomes negatively 
charged due to deprotonation reaction [9]. Consequently, the repulsive force that exists between 
metal ions in solution and the amine group of chitosan decreases, thus increasing the removal of 
metal ions in solution until an optimum value is achieved. At pH above the optimum value insoluble 
metal hydroxide begins to precipitate from the solution resulting in the decrease of metal ions removal 
from the solution. 
 

 
 

Fig. 7. Effect of pH on percentage removal of heavy metal ions by FGCX (conditions: 7 g/l 
FGCX; contact time: 70 min; Temperature: 25°C; initial concentration: 0.8 mmol/L; agitation 

speed: 120 rpm) 
 

3.7 Effect of Contact Time  
 
In any given adsorption system it is vital to establish the time dependence of the system in achieving 
equilibrium. Fig. 8 depicts the effect of contact time on the adsorption of heavy metals from a single 
component solution and time range of 10–80 mins. It was observed that 45 min was sufficient to 
establish equilibrium for Pb, Cu, and Ni while it took 55 min for Zn and Cd. The adsorption was very 
fast at the initial stage for all metal ions investigated due to sufficient and well aligned site available for 
the binding of the considered metal ions but became slower until equilibrium is reached since the 
binding sites have been covered with metal ions which causes repulsion with increase in time [9,34]. 
This result is important because longer contact time between the beads and metal ions in solu-tion 
can consume energy and hence increase cost of treatment. 
 

3.8 Effect of Temperature  
 
Temperature as an important parameter in adsorption process is directly linked to the kinetic energy 
of adsorbent in the solution [35]. The effect of temperature was studied at a temperature range of 25–
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65∘C and a plot of percentage removal against temperature (Fig. 9) was made to elucidate the 
observation. It was shown that a rise in temperature expedites the binding of metal ions until an 
optimum of 45∘C is reached. This finding is due to the fact that as the temperature rises the kinetic 
energy also rises which then promotes the accessibility of metal ions onto adsorbents and, in the 
process, reduces the time to reach adsorption equilibrium [36,37]. Also, the reaction of amino groups 
with ions is exothermic and the process for the dis-tribution of metal ions into the FGCX pores is 
endothermic and this positive enthalpy change is greater than the negative enthalpy change due to 
the formation of complexes between the amino group of FGCX and considered metal ions in solution 
leading to an overall positive enthalpy change [25]. Hence a rise in temperature is vital for the 
adsorption of metal ions onto FGCX. Consequently, as the temperature exceeds that of the optimum, 
deterioration of the adsorbent may occur leading to reduced removal of metal ions. This result is 
favourable by virtue of cost effectiveness. 
 

 
 

Fig. 8. Effect of contact time on percentage removal of heavy metal ions by FGCX (conditions: 
7 g/l FGCX; pH: Pb = 5, Cu = 5, Ni = 7, Zn = 6, and Cd = 6; Temperature: 25°C; initial 

concentration: 0.8 mmol/L; agitation speed: 120 rpm) 
 

 
 

Fig. 9. Effect of contact time on percentage removal of heavy metal ions by FGCX (conditions: 
7 g/l FGCX; pH: Pb = 5, Cu = 5, Ni = 7, Zn = 6, and Cd = 6; contact time: 60 min; initial 

concentration: 0.8 mmol/L; agitation speed: 120 rpm) 
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3.9 Effect of Initial Concentration  
 
The effect of initial metal concentration is of significance in adsorption studies, since it depends on 
several parameters such as the type of metal and the liquid medium, the presence of competing 
cations, the availability of the functional groups in the adsorbent surface, and the ability of these 
groups to attach metal ions [38–40]. Fig. 10 explores the percentage removal of heavy metal ions as a 
function of initial concentration. It was observed that at lower initial concentration of 0.5 mmol/L the % 
R of Pb, Cu, Ni, Zn, and Cd were 99.9, 99.5, 98.6, 98, and 97.8%, respectively. At higher initial 
concentration of 2.5 mmol/L the % R were Pb (58%), Cu (55%), Ni (55%), Zn (42%), and Cd (32%). 
This may be due to the fact that at lower initial concentration the ratio of metal cations to FGCX mass 
is low; a rise in initial concentration implies that additional metal ions are present in the mixture and 
hence more ions are attached to same quantity of FGCX which results in saturation of the FGCX 
adsorbent causing a decrease in % R. Also, at higher initial concentration the driving force to 
overcome the mass transfer opposition for the movement of the metal ions from the mixture to the 
adsorbent surface increases and, in this case, higher concentration would lead to saturation of the 
adsorbent surface [41]. 
 

 
 

Fig. 10. Effect of initial concentration on percentage removal of heavy metal ions by FGCX 
(conditions: 6 g/l FGCX; pH: Pb = 5, Cu = 5,Ni = 7, Zn = 6, and Cd = 6; contact time: 60 min; 

agitation speed: 120 rpm; temperature: 45°C) 
 

3.10 Effect of Adsorbent Dose  
 
The adsorbent type and func-tional group present in the adsorbent has intense effect on adsorption, 
since it determines the availability of binding sites. Fig. 11 illustrates the effect of FGCX dose on the 
% R of metal ions. There was a sharp increase in % R of metal ions at FGCX dose range of 2 to 6 g/l 
and increasing the FGCX dose above 6 g/l did not cause any further changes in the % R of metal 
ions. The observed behaviour occurred because at the initial stage there were sufficient binding sites 
for the complexation of metal ions and increasing the dose beyond 6 g/l resulted in the establishment 
of equilibrium between the metal ions bounded to FGCX and those remaining unabsorbed in the 
mixture [9,42]. 
 

3.11 Effect of Agitation Speed  
 
Agitation speed is an important parameter that is mostly neglected by some researchers in adsorption 
studies. Park et al. [43], reported that the application of appropriate agitation speed increases the 
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movement of metal ions in the mixture, reducing the mass transfer resistance in the process. Fig. 12 
depicts the impact of agitation speed on % R of metal ions by FGCX at agitation speed range of 50–
250 rpm. It was observed that agitation speed has a positive impact on metal ions removal by FGCX. 
Consequently, there was a fast increase in metal ions removal up to 150 rpm and thereafter it became 
constant. This is because at high agitation speed the boundary layer becomes thinner which 
eventually influence the speed of distribution of metal ions through the boundary layers [44]. However, 
a further increase beyond 150 rpm would lead to saturation of the adsorption site. 
 

 
 

Fig. 11. Effect of FGCX dose on percentage removal of heavy metal ions (conditions: pH:  
Pb = 5, Cu = 5, Ni = 7, Zn = 6, and Cd = 6; contact time: 60 min; initial concentration: 0.5 

mmol/L; agitation speed: 120 rpm; temperature: 45°C) 
 

 
 

Fig. 12. Effect of agitation speed on percentage removal of heavy metal ions by FGCX 
(conditions: 6 g/l FGCX; pH: Pb = 5, Cu = 5, Ni = 7, Zn = 6, and Cd = 6; contact time: 60 min; 

initial concentration 0.5mmol/L; temperature: 45°C) 
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3.12 Effect of Ionic Strength  
 
Wastewater usually comprises different cations and anions that can hinder the efficient binding of 
metal ions in solution. Fig. 13 elucidates the effect of ionic strength on the adsorption of metal ions 
onto FGCX. In this plot there was a decrease in % R with increase in the concentration of NaNO3. 
This observation shows that the interaction between the amine group of FGCX and the metal cations 
is ionic in nature and raising the ionic strength reduces their movement to the solid surface [4]. Among 
the five metals investigated Pb and Cu proved to have higher binding strength even when the 
concentration of Na+ was increased. This may be because some binding sites have the potential to 
attach specific metal ions [45]. 
 

Table 1. Langmuir, Freundlich, Temkin, and DKR isotherm parameters for binding of 
considered metal ions onto FGCX at temperature of 45°C 

 
Ions Langmuir parameters Freundlich 

parameters 
Temkin parameters DKR parameters 

Qm 
(mmol/g) 

KL 
(l/mmol) 

R2 n 
 

Kf 
(mmol/g) 

R2 A 
(l/mmol) 

B 
(J/mol) 

R2 Xm 
(mmol/g) 

E  
(kJ/mol) 

R2 

Pb 
Cu 

3.96 
2.88 

2 
3.71 

0.99 
0.99 

2.70 
2.22 

1.79 
1.70 

0.86 
0.86 

2.99 
3.42 

9.11 
10.33 

0.98 
0.85 

3.92 
2.75 

14.55 
13.42 

0.99 
0.99 

Ni 2.80 1.33 0.98 3.42 2.13 0.98 1.52 11.21 0.98 2.85 13.11 0.97 
Cd 1.82 1.08 0.99 1.98 1.46 0.87 1.20 10.56 0.88 1.79 10.21 0.99 
Zn 1.76 0.86 0.99 2.5 2.05 0.99 0.92 9.98 0.99 1.77 9.82 0.99 

 

 
 

Fig. 13. Effect of ionic strength on percentage removal of heavy metal ions by FGCX 
(conditions: 6 g/l FGCX; pH: Pb = 5, Cu = 5, Ni = 7, Zn = 6, and Cd = 6; contact time: 60 min; 

initial concentration 0.5mmol/L; temperature: 45°C; agitation speed: 150 RPM) 
 

3.13 Isotherm Result  
 
The closer ��  values are to one the best the model fits [9]. The parameters of the models are 
presented in Table 1, while Fig. 14(a), 14(b), 14(c), and 14(d) depict the plot for Langmuir, Freundlich, 
Temkin, and DKR models, respectively. 
 
The Langmuir model was efficient in analysing adsorp-tion data of all the metal ions studied with �� 
values ≥0.98. �� values for the binding of metal ions onto FGCX followed a decreasing sequence of 
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Pb (3.96) > Cu (2.89) > Ni (2.8) > Cd (1.82) >Zn (1.76 mmol/g), whereas which determines the affinity 
of binding proved that the GFCX sites had greater affinity for Cu and the trend followed a decreasing 
order of Cu (3.71) >Pb (2) >Ni (1.33) >Cd (1.08) >Zn (0.86 l/mmol). This trend can be explained in 
terms of electronegativity of metal ions, since adsorption of these metal ions is also due to ion 
exchange at the surface. Therefore, more electronegative metal ions will exhibit a higher tendency of 
adsorption. The electronegativities of Pb, Cu, Ni, Cd, and Zn per Pauling scale are 1.87, 1.9, 1.8, 1.7, 
and 1.6, respectively, which agrees with the order of affinity. Based on this study it can be said that 
the affinity of metal ions onto FGCX is also believed to be a function of electronegativity. The �� 
values for Cu, Pb, Ni, Cd, and Zn were 0.35, 0.5, 0.6, 0.65, and 0.7, respectively, and these values 
signify favourable adsorption process. 
 
The Freundlich model was successful in analysing experimental data of Ni and Zn ions onto FGCX 
while that of Pb, Cu, and Cd did not fit the model very well. The �� values decreased in the order of Ni 

(2.13) > Zn (2.05) > Pb (1.79) > Cu (1.7) >Cd (1.46 mmol/g); the � values indicated favourable 
adsorption for the considered metal ions. 
 
The data for the adsorption of Pb, Ni and Zn onto FGCX was in agreement with Temkin model with �� 
value ≥ 0.98 in contrast to the �� value (≥0.85) obtained for the adsorption of Cu and Cd. 
 

 
 

(a) 

 
 

(b) 
 

 
 

(c) 

 

 
 

(d) 
 

Fig. 14. Langmuir, Freundlich, Temkin, and DKR isotherm models, respectively, at temperature 
of 45°C 
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The DKR model was successful in describing experimental data for the considered metal ions with �� 
value ≥0.98. The adsorption capacity (��) was found to be 3.92, 2.75, 2.85, 1.79, and 1.77mmol/g for 
Pb, Cu, Ni, Zn, and Cd, respectively. The adsorption energy values for these ions are, respectively, 
14.55, 13.42, 13.11, 10.21, and 9.82 kJ/mol. These values indicate the process can also be described 
by ion exchange mechanism. 
 

Table 2. Comparison of adsorption capacity of FGCX onto Pb, Cu, Ni, Cd, and Zn with other 
absorbent 

 
Heavy metal ions Adsorbent ��(mmol/g) Temperature Reference 
Lead Mesoporous silicas 2.86 25 [25] 

Romania peat 0.20 20 [26] 
Lignin 0.43 20 [27] 
Cross-linked CMCS resin 1.89 25 [28] 
FGCX 3.96 45 This study 

Copper Mesoporous silicas 2.34 25 [25] 
Cross-linked CMCS resin 1.82 25 [28] 
Lignin 0.36 20 [27] 
FGCX 2.88 45 This study 

Nickel Lignin 0.10 20 [27] 
Cross-linked CMCS resin 0.78 25 [28] 
Alginate microcapsules 0.52  [29] 
FGCX 2.80 45 This study 

Cadmium Mesoporous silicas 1.71 25 [25] 
Romania peat 0.39 20 [26] 
Lignin 0.23 20 [27] 
FGCX 1.82 45 This study 

Zinc Mesoporous silicas 1.36 25 [25] 
Lignin 0.17 20 [27] 
Cross-linked CMCS resin 0.74 25 [28] 
FGCX 1.76 45 This study 

 

3.14 Thermodynamic Parameters 
 
The plot of �� � versus 1/T for the adsorption of Pb, Cu, Ni, Zn, and Cd onto FGCX is presented in 
Fig. 15. Table 3 provides the parameters for thermodynamic studies. The free energy change (��°) 
obtained during the absorption reaction at temperatures of 25, 35, 45, and 55∘C was all negative and 
this indicates that the adsorption of heavy metals onto FGCX is spontaneous and favourable. A 
similar finding was reported by Zawani et al. [46] Also, increase in negative values of ��°  as 
temperature increases indicates greater driving force for binding of metal ions. The positive value of 
��° indicates that the adsorption process is endothermic in nature. This finding is in agreement with 
the result presented by Liu et al. [17]. The positive value of ��° indicates the increased randomness at 
the solid-solution interface during the adsorption of heavy metal ions onto FGCX [17]. 
 

Table 3. Thermodynamic parameters for the adsorption of heavy metal ions onto FGCX at an 
initial concentration of 0.5mmol/l 

 
Metal ions ΔSo 

(kJ/mol/k) 
ΔHo 
(kJ/mol) 

∆Go (kJ/mol) R2 
T=298K T=303K T=318K T=328K 

Pb 57.23 0.23 -1.52 -1.34 -4.45 -4.98 0.99 
Cu 64.78 0.26 -1.25 -1.65 -3.97 -4.91 0.99 
Ni 67.12 0.20 -2.31 -6.92 -8.78 -9.56 0.98 
Zn 54.26 0.32 -1.20 -2.32 -4.75 -6.43 0.99 
Cd 68.45 0.27 -2.58 -4.41 -8.54 -9.43 0.97 
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Fig. 15. Thermodynamic plot of �� � versus �/� for metal ions binding onto FGCX 
 

3.15 Kinetic Parameters  
 
The straight-line plot of the pseudo-first- and pseudo-second-order and intraparticle diffusion model 
for the binding of assessed metal ions (Pb, Cu, Cd, Zn, and Ni) onto FGCX is presented in                    
Figs. 16(a), 16(b), and 16(c), and the values of the parameters in each case are presented in Table 4. 
It is evident that the �� values for the pseudo-second-order and intraparticle model are higher and 
closer to one in comparison with pseudo-first-order model. This observation indicates that the pseudo-
second-order and intraparticle model best describe the kinetic data of the assessed metal ions binding 
onto FGCX. Also, the pseudo-second rate constant (��) followed a decreasing sequence of Pb (7.34) 
> Cu (5.82) > Ni (5.12) > Zn (3.21) > Cd (2.56) in g/mmol⋅min. This suggests that the chemical 
interaction is dependent on the affinity of metal ions to interact with the amino group of FGCX. A 
similar report was presented by Bulgariu et al. [26].  
 

Table 4. Kinetic parameters for the binding of considered metal ions onto FGCX 
 

Metal 
ions 

Pseudo-first-order 
parameters 

Pseudo-second-order 
parameters 

Intra-particle diffusion 
parameters 

K1 
(min-1) 

qe 
(mmol/g) 

R
2
 K2 

(g/mmol.min) 
qe 
(mmol/g) 

R
2
 Kidm 

(mmol/gmin1/2 
R

2
 

Pb 0.03 1.59 0.88 7.34 3.54 0.98 3.43 0.97 
Cu 0.01 1.16 0.81 5.28 3.87 0.99 4.18 0.99 
Ni 0.02 1.90 0.83 5.12 3.12 1.00 2.97 0.99 
Zn 0.03 2.2 0.83 3.21 3.99 0.99 2.56 0.98 
Cd 0.05 1.85 0.73 2.56 3.52 0.99 3.78 0.99 

 
3.16 Reusability of the Spent FGCX  
 
Adsorbent reuse is an important aspect of adsorption studies in that its reusability helps lower  the 
processing cost. The recovery of the consid-ered metal ions and subsequent usage of the adsorbent 
were made possible with 0.5 M HCl and contact time of 180 min; the recovery efficiencies of the metal 
ions from its spent FGCX were 98.8, 97.5, 97.9, 98.3, and 97.7 for Pb, Cu, Ni, Zn, and Cd, 
respectively. There was no loss in the mass of the regenerated beads. 
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3.17 Reaction Mechanism of Chitosan  
 

Most researchers support that the amine group of chitosan is the main reactive site for metal ions, 
though hydroxyl groups may contribute to binding of metal ions [9]. However, of the free amino groups 
only some are accessible to metal binding, since some of these amine sites interact with hydrogen 
ions at lower pH. These reactive groups may react with metal ions through different mechanisms such 
as chelation and electrostatic depending on factors such as the type of metal, the pH, fraction of 
deacetylated units (free amine groups), polymer chain length, crystallinity, molecular weight, 
conditioning of polymers, physical form of chitosan, solution pH, type and concentration of the acid 
used for solution, composition of solution, metal ion selectivity and speciation, and the matrix of the 
solution [47]. The amine group initiates a coordinate bond with the metal ions; the bond is formed 
between the free electron pairs of the nitrogen in the amine group and the void orbitals of the metal. 
Also, the free electron doublet of nitrogen on amine groups is responsible for the adsorption of metal 
cations at pH near neutrality and at lower pH value, where protonation of the amine group takes 
place; the poly-mer attains cationic groups which can bind anions through electrostatic interactions 
[48]. 
 

 
 

(a) 

 
 

(b) 
 

 
(c) 

 

Fig. 16. Pseudo-first-, pseudo-second-, and intraparticle diffusion plot, respectively 
 

4. CONCLUSION 
 
A promising adsorbent was developed by grafting 4-amino-benzoic acid onto the backbone of cross-
linked chitosan beads which reduced its crystallinity and expanded the polymer network for easy 
accessibility of the considered metal ions to binding site. Comprehensive investigation was performed 
in order to access the effect adsorption parameters have on the binding of metal ions onto FGCX. The 
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adsorption of Pb, Cu, Ni, Zn, and Cd was dependent on pH, contact time, adsorbent dosage, initial 
concentration, agitation speed, and ionic strength. The binding of these metal ions was observed to 
be a feasible, spontaneous, and endothermic process and corresponds with the Langmuir and DKR 
isotherm model, while some metals were in agreement with Freundlich and Temkin model. The 
binding was also observed to be in agreement with pseudo-second-order and intraparticle diffusion 
model. The result indicated that binding of these metal ions is mainly controlled by chemisorption, 
electrostatic attraction, or ion exchange. At industrial level, this developed adsorbent with high amino 
content can be an excellent candidate for the adsorption of metal ions even the ions not mentioned in 
this study. 
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ABSTRACT 
 
Substituent, temperature and solvent effects on tautomeric equilibria in several β-ketoamides have 
been investigated by means of nuclear magnetic resonance spectroscopy (NMR). Keto-enol 
tautomerism is observed and amide-imidol equilibrium is not detectable in this series of β-ketoamides. 
In solution, these compounds exist mainly as ketoamide and Z-enolamide tautomers, both forming 
intramolecular hydrogen bonds. The relative stability of the individual tautomers and the 
corresponding equilibrium shifts are explained considering electronic and steric effects and tautomer 
stabilization via internal hydrogen bonds. These assumptions are supported by theoretical 
calculations.  
 
Keywords: β-Ketoamides; keto-enol equilibrium; NMR spectroscopy; theoretical calculations. 
 

1. INTRODUCTION 
 
Keto-enol tautomerism in β-ketoesters, β-diketones and β-ketonitriles is a topic that has been 
extensively studied from several angles and using a variety of experimental methods [1-3]. However, 
the occurrence of this phenomenon in β-ketoamides has not been studied deeply, with exception of a 
few previous works [4,5]. It is usual to describe them only as keto forms [6], although it has been 
demonstrated that some of them exist as a tautomeric mixture in which the enol form is the major 
tautomer. 
 
The importance of studying β-ketoamides arises from their versatility as intermediates in the synthesis 
of several heterocycles: 3-acyltetramic acids [7] (used in the total synthesis of tirandamycin and other 
related natural antibiotics [8]), pyrans [9], alkaloids [10], lactams and spirolactams [11], azetidin-2-
ones [12], as well as several 3-hydroxyisothiazol bioisoesters of glutamic acid and analogs of the 
AMPA receptor agonist [13]. Moreover, some β-ketoamides have been converted into γ-ketoamides, 
a class of compounds having to do with a wide variety of relevant biological systems [14]. 
 
The reactivity of β-ketoamides is related to their structure and their tautomeric equilibria; that is why it 
should be useful to determine their spectral behaviour in different conditions in order to study their 
tautomeric distribution.  
 
Keto-enol tautomerism has attracted much interest for more than fifty years. Since the equilibrium 
involved is sufficiently slow to permit keto and enol tautomeric forms to be detected by nuclear 
magnetic resonance spectroscopy (NMR), many investigations on tautomerism have been carried out 
using this technique [15]. 
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The tautomeric equilibrium of some β-ketobutanamides in solution has been investigated by means of 
1
HNMR and 

13
CNMR. Their chemical shifts were compared with those of related β-

hydroxybutanamides. Equilibrium populations of the keto and enol forms were measured and 
substituent effects on the chemical shifts were discussed [16]. 
 

Intramolecular hydrogen bond is one of the main factors that govern tautomerism kinetics and 
influence the structure of tautomers in solution. Regarding β-ketoamides, internal hydrogen bonds can 
be formed in several tautomers. This point has been particularly studied for a series of 3-oxo-2-
phenylbutanamides [17]. 
 

In this chapter, different factors affecting the tautomeric equilibrium of eleven β-ketoamides are 
analyzed: differential solvation, electronic and steric substituents effects and temperature variations. 
 

2. EXPERIMENTAL 
 
Synthesis of β-Ketoamides: The eleven β-ketoamides 1-11 (Scheme 1) were synthesized and 
purified according to procedures found in literature or their modified versions [18]. They were 
identified by 

1
HNMR and 

13
CNMR in DMSO-d6, in which the peaks corresponding to the enol forms 

are depleted. Experimental chemical shifts are summarized in a previous work [19]. 
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Scheme 1. Structure of the eleven studied β-ketoamides 
 

NMR Experiments: 1HNMR spectra were recorded in CDCl3 and DMSO-d6 using a Bruker 300 
spectrometer, 300.13 MHz, grad Z and temperature control. The typical spectral conditions were as 
follows: spectral width 5000 Hz, acquisition time 2 s and 8-16 scans per spectrum. Digital resolution 
was 0.39 Hz per point, TMS was used as internal standard. Sample concentration was 0.05 M. 
Spectra were taken at 25, 30, 35, 40 and 45°C.  
 
13

CNMR proton decoupled spectra were recorded with a Bruker 300 spectrometer operating at 
75.4MHz from DMSO-d6 solutions at 25°C. The spectral conditions were as follows: spectral width 16 
500 Hz, acquisition times 1.303 s and 512-1000 scans per spectrum. 
 

Theoretical Calculations: Theoretical calculations were carried out following several steps. The 
energy of different conformations of each tautomer were evaluated using the DFT method [20] by 
rotation of all unrestrained bonds in each structure. To this end, Gaussian 03 package [21] was used 
to apply the B3LYP hybrid exchange-correlation functional [22] together with the 6-31G basis set. The 
molecular structures of minimum energy were re-optimized by means of B3LYP/6-31G(d,p). These re-
optimized structures were then used for calculation of reaction enthalpy (ΔH) at the same level of 
theory. Solvent effects were evaluated by means of the polarization continuum model SCRF-PCM 
[23].  
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3. TAUTOMERIC EQUILIBRIUM 
 
In order to study the tautomeric equilibrium in β
trying to achieve some variety in substituents and reach some conclusions on the influence of such 
radicals on the equilibrium (steric and electronic effects). 
ketoamides under study are given in Scheme 1. 
 
At first, several tautomeric structures can be thought for β
ketones and amides participate in tautomeric equilibria (keto
Scheme 2 shows the possible tautomeric structures for β
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Scheme 2. Possible tautomeric structures for β

When tautomerism occurs, the observed NMR spectrum is 
since the tautomers are altogether in equilibrium. As an example, Fig
of 1 (3-oxo-2-phenylbutanamide) in CDCl
shifts and the ones at the bottom, to the integration of each peak.
 
In order to assign the 1HNMR signals to the corresponding tautomers, the peaks can be separated 
into two groups whose integration values are related by simple ratios.
 

Fig. 1. 1HNMR spectrum of compound 1
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TAUTOMERIC EQUILIBRIUM in β-Ketoamides 

In order to study the tautomeric equilibrium in β-ketoamides, eleven compounds were synthesized 
trying to achieve some variety in substituents and reach some conclusions on the influence of such 
radicals on the equilibrium (steric and electronic effects). The structures and numbers of the 
ketoamides under study are given in Scheme 1.  

At first, several tautomeric structures can be thought for β-ketoamides, since it has been proven that 
ketones and amides participate in tautomeric equilibria (keto-enol and amide-imidol, respectively). 
Scheme 2 shows the possible tautomeric structures for β-ketoamides 1 to 11. 

OH
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NH2 R2

O
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Possible tautomeric structures for β-ketoamides 
 

When tautomerism occurs, the observed NMR spectrum is the superposition of the several spectra, 
since the tautomers are altogether in equilibrium. As an example, Fig. 1 shows the 

1
HNMR spectrum 

phenylbutanamide) in CDCl3 at 25°C. Values at the top correspond to the chemical 
at the bottom, to the integration of each peak. 

HNMR signals to the corresponding tautomers, the peaks can be separated 
into two groups whose integration values are related by simple ratios. 

 
HNMR spectrum of compound 1 in CDCl3 at 25°C 
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Peaks A, B, C and D appear to be in 3:1:1:1 ratio, while peaks X, Y and Z show a ratio of 3:2:1.           
Table 1 shows the expected number of non-aromatic signals and their integration for each tautomer. It 
is important to remark that, in some cases, internal hydrogen bonds can be formed and affect 
chemical shift. 
 

At this point, theoretical calculations were carried out in vacuum in order to make a first approach to 
the most stable structures. Even when this order is only tentative (since it does not consider the 
solvent that surrounds the molecules), it is useful for discarding very unstable structures. Internal 
hydrogen bonds are observed in all minimum energy structures (when permitted by geometry). 
Results are shown in Table 1. 
 

Regarding the data given in Table 1, peaks X, Y and Z can be assigned to the Z-enolamide 
hydrogens (CH3, NH2 and OH respectively), whereas peaks A, B, C and D can assigned to the 
ketoamide hydrogens (CH3, CH, NH and NH respectively). The rest of the tautomeric forms could not 
be detected, and this fact indicates that they are absent or in very low concentration. Therefore, keto-
enol tautomerism is observed and amide-imidol equilibrium is not detectable. 
 

The assignment of the peaks to their corresponding protons was made keeping in mind not only 
signal integration but also theoretical displacements. Even when a 3:1:1:1 integration is expected for 
ketoimidol and enolimidol tautomers, their existence is discarded regarding their high energy. This 
assumption agrees with previous studies which also include theoretical calculations on this type of 
compounds [24]. 
 

Table 1. Structures, expected integrations in 1HNMR and calculated energy (kcal/mol) for  
β-ketoamide tautomers 

 

Tautomer Expected 
integration 

Relative energy 
(kcal/mol) 

ketoamide 

 

3:1:1:1 0.00 

E-enolamide 

 

3:2:1 +9.51 

Z-enolamide 

 

3:2:1 -4.52 

ketoimidol 

 

3:1:1:1 +19.84 

E-enolimidol 

 

3:1:1:1 +22.80 

Z-enolimidol 

 

3:1:1:1 +25.02 

 

Intramolecular hydrogen bond appears to be a key factor that influences tautomeric equilibrium                  
in solution. In the case of β-ketoamides, the two tautomers of major concentration (ketoamide and            
Z-enolamide) form internal hydrogen bonds. This stabilizing factor explains the following spectral 
observations: 
 

1) The high relative concentration of these tautomers, 
2) The high value of δ observed for the hydroxyl proton in the enolamide form (peak Z, Fig. 1), 
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3) The two different δ values of the hydrogen atoms bonded to nitrogen in the ketoamide form 
(peaks C and D, Fig. 1). 

 
Table 2 shows the 1H chemical shifts of the eleven β-ketoamides in CDCl3 and DMSO-d6. In many 
cases, hydrogens attached to N were observed as very broad and low peaks in DMSO-d6 (due to the 
fact that they form hydrogen bonds with the solvent causing a significant signal broadening). For this 
reason, their chemical shifts could not be determined properly.  
 
The integrated spectra made possible to calculate the enol ratio considering the peaks of CH or CH2 
(ketoamide tautomer) and those of OH group (Z-enolamide tautomer) by following Equations 1 and 2. 
 

%enol=
OH integration

OH integration + CH integration
∙100                compounds 1-8                                               (1) 

 

%enol=
OH integration

OH integration + 
1

2
CH2 integration

∙100           compounds 9-11                                           (2) 

 

Then, the equilibrium constant (K = [enol]/[keto] = (%enol)/(%keto)) and the corresponding free 
energies at 25°C (ΔG

0
 = −RT lnK) for the keto-enol equilibria were determined and they are shown in 

Table 3. 
 

Table 2. 1H chemical shifts (δ, ppm) for compounds 1-11 
 

Compound Solvent Chemical shifts δH (ppm) 
1 CDCl3 1.80 (CH3 enol); 2.26 (CH3 keto); 4.68 (CH keto); 5.10/5.16 (NH2 enol); 

5.60/6.88 (NH2 keto); 7.2 - 7.5 (aromatics); 14.68 (OH enol). 
DMSO-d6 1.66 (CH3 enol); 2.13 (CH3 keto); 4.58 (CH keto); 7.2 - 7.4 (aromatics); 

15.7 (OH enol). 
2 CDCl3 1.79 (CH3 enol); 2.24 (CH3 keto); 3.82 (OCH3 keto); 3.84 (OCH3 enol); 

4.61 (CH keto); 5.10/5.31 (NH2 enol); 5.73/6.81 (NH2 keto); 6.9 - 7.4 
(aromatics); 14.63 (OH enol). 

DMSO-d6 1.71 (CH3 enol); 2.10 (CH3 keto); 3.85 (OCH3 keto); 3.89 (OCH3 enol); 
4.51 (CH keto); 6.8 - 7.2 (aromatics) 15.67 (OH enol). 

3 CDCl3 1.80 (CH3 enol); 2.26 (CH3 keto); 4.63 (CH keto); 5.02/5.21 (NH2 enol); 
5.63/6.89 (NH2 keto); 7.2 - 7.5 (aromatics); 14.72 (OH enol). 

DMSO-d6 1.66 (CH3 enol); 2.16 (CH3 keto); 4.65 (CH keto); 7.2 - 7.5 (aromatics); 
15.79 (OH enol). 

4 CDCl3 5.30 (NH2 enol); 5.61 (CH keto); 5.53/6.98 (NH2 keto); 7.1 - 8.0 
(aromatics); 15.25 (OH enol). 

DMSO-d6 5.75 (CH keto); 7.2 - 7.9 (aromatics) 
5 CDCl3 3.90 (OCH3 keto); 3.93 (OCH3 enol); 5.31 (NH2 enol); 5.49 (CH keto); 

5.63/7.18 (NH2 keto); 6.9 - 8.0 (aromatics); 14.31 (OH enol). 
DMSO-d6 3.83 (OCH3 keto); 5.69 (CH keto); 7.1 - 7.9 (aromatics) 

6 CDCl3 5.37/5.46 (NH2 enol); 5.54 (CH keto); 5.72/6.93 (NH2 keto); 7.0 - 8.0 
(aromatics); 15.30 (OH enol). 

DMSO-d6 5.74 (CH keto); 7.2 - 8.0 (aromatics) 
7 CDCl3 3.76 (OCH3 keto); 3.76 (OCH3 enol); 5.38 (NH2 enol); 5.54 (CH keto); 

5.66/6.91 (NH2 keto); 6.8 - 8.0 (aromatics); 15.22 (OH enol). 
DMSO-d6 3.73 (OCH3 keto); 5.68 (CH keto); 7.1 - 7.9 (aromatics) 

8 CDCl3 5.33 (NH2 enol); 5.58 (CH keto); 5.62/7.2
1
 (NH2 keto); 7.0 - 8.0 

(aromatics); 15.32 (OH enol). 
DMSO-d6 5.79 (CH keto); 7.3 - 7.9 (aromatics) 

9 CDCl3 3.99 (CH2 keto); 5.26 (NH2 enol); 5.57 (CH enol); 5.55/7.02 (NH2 keto); 
7.2 - 8.1 (aromatics); 14.22 (OH enol). 

DMSO-d6 3.90 (CH2 keto); 7.15 (NH2 enol); 5.78 (CH enol); 7.36 (NH2 keto); 7.4 - 
8.1 (aromatics); 15.31 (OH enol). 
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Compound Solvent Chemical shifts δH (ppm) 
10 CDCl3 3.86 (OCH3 enol); 3.90 (OCH3 keto); 3.93 (CH2 keto); 5.49 (CH enol); 

5.64/7.2
1
 (NH2 keto); 6.9 - 8.0 (aromatics); 14.31 (OH enol). 

DMSO-d6 3.78 (CH2 keto); 3.80 (OCH3 enol); 3.84 (OCH3 keto); 5.63 (CH enol); 7.0 
- 8.0 (aromatics); 15.27 (OH enol). 

11 CDCl3 3.96 (CH2 keto); 5.34 (NH2 enol); 5.54 (CH enol); 5.68/7.00 (NH2 keto); 
7.2 - 8.0 (aromatics); 14.28 (OH enol). 

DMSO-d6 3.86 (CH2 keto); 5.74 (CH enol); 7.1 - 8.0 (aromatics); 15.31 (OH enol). 
1In compounds 7, 8 and 10, the peak corresponding to the ketoamide NH2 overlaps the aromatic signals and its 

value cannot be determined precisely 

 
The relative stability of individual tautomers and the corresponding equilibrium shifts are explained 
below considering several factors, such as electronic substituent effects, steric effects introduced by 
bulky groups, differential solvation and tautomer stabilization via internal hydrogen bonds. 
 
Table 3. Keto-enol content, equilibrium constant K and ΔG0 in CDCl3 and DMSO-d6 at 25°C for 

compounds 1-11 
 

Compound Solvent % enol % keto K ΔG
0
 

(kcal·mol−1) 

 

1 
X = H 

CDCl3 79.2 20.8 3.82 −0.79 ± 0.06 
DMSO-d6 17.3 82.7 0.210 0.97 ± 0.06 

2 
X = OCH3 

CDCl3 75.5 24.5 3.09 −0.67 ± 0.06 
DMSO-d6 16.5 83.5 0.198 0.96 ± 0.06 

3 
X = Cl 

CDCl3 79.5 20.5 3.88 −0.80 ± 0.06 
DMSO-d6 18.0 82.0 0.220 0.90 ± 0.06 

NH2

OO

Y

X  

4 
X = Y = H 

CDCl3 28.0 72.0 0.389 0.56 ± 0.06 
DMSO-d6 0.0 100.0 0.0 - 

5 
X = H/Y = OCH3 

CDCl3 9.0 91.0 0.099 1.79 ± 0.06 
DMSO-d6 0.0 100.0 0.0 - 

6 
X = H/Y = Cl 

CDCl3 40.6 59.4 0.684 0.22 ± 0.06 
DMSO-d6 0.0 100.0 0.0 - 

7 
X = OCH3/Y = H 

CDCl3 25.0 75.0 0.333 0.65 ± 0.06 
DMSO-d6 0.0 100.0 0.0 - 

8 
X = Cl/Y = H 

CDCl3 28.8 71.2 0.404 0.54 ± 0.06 
DMSO-d6 0.0 100.0 0.0 - 

 

9 
Y = H 

CDCl3 12.2 87.8 0.139 1.17 ± 0.06 
DMSO-d6 29.1 70.9 0.411 0.53 ± 0.06 

10 
Y = OCH3 

CDCl3 3.8 96.2 0.0393 1.94 ± 0.06 
DMSO-d6 14.7 85.3 0.173 1.58 ± 0.06 

11 
Y = Cl 

CDCl3 16.7 83.3 0.200 0.95 ± 0.06 
DMSO-d6 39.4 60.6 0.650 0.26 ± 0.06 

 
Steric effects: Steric repulsion caused by bulky groups lowers the stability of both tautomers in 
different degree. In the case of Z-enolamide forms, compounds having two phenyl groups (4-8) exhibit 
greater steric repulsion than those having phenyl and methyl groups (1-3), and, therefore, the enol 
concentration is reduced in this kind of compounds. When considering ketoamide tautomers, such 
steric repulsion is reduced because of the rotation around the C2─C3 bond, letting the two phenyl 
groups to get further from each other. 
 
On the other hand, bulky phenyl groups at C2 position increase the enolic content (compare 
compounds 9-11 with 1-3 and 4-8). This fact is in concordance with previous studies where it has 
been demonstrated that bulky radicals in alpha position increase the enol content [25,26]. 
 
Electronic effects: The substituents may donate or withdraw electrons through resonance or 
inductive effects. An electron donating methoxy group and an electron withdrawing chlorine atom, 
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both placed at the para-position of phenyl rings, produce opposite effects: the presence of chlorine 
atoms (compounds 3, 6, 8 and 11) make the enol content higher, whereas methoxy groups 
(compounds 2, 5, 7 and 10) shift the equilibrium towards the keto tautomer. These effects are more 
pronounced if the substituent is attached to C3 (compare 5-7/6-8). 
 
These observations could be explained considering the influence of the substituents on the internal 
hydrogen bonds formed in each tautomer: 
 
 An electron acceptor at C2 or C3 position (compounds 3, 6, 8 and 11) strengthens the hydrogen 

bond in the enol tautomer stabilizing it, and destabilizes the keto form by weakening its hydrogen 
bond. Both facts increase the enolic content. 

 An electron donor at C2 position (compounds 2 and 7) weakens the hydrogen bond in the enol 
tautomer causing destabilization, while it stabilizes the keto form by enhancement of its hydrogen 
bond. These two facts decrease the enolic content. 

 An electron donor at C3 position (compounds 5 and 10) stabilizes the enol tautomer by 
strengthening its internal hydrogen bond, but it stabilizes the keto form even more by a stronger 
reinforcing of its internal hydrogen bond. Both facts decrease the enolic content. 

 
At C2 position, the stabilizing effects in keto and enol form would be, ultimately, inductive. That is              
why in this position the effects are weaker than at C3, where inductive and mesomeric effects                  
are affecting the keto and enol form. These assumptions are supported by previous works in                      
gas phase [24] (where the same behaviour was observed and supported by theoretical calculations) 
and the analysis of the dependence of δ with temperature in the last section (Internal hydrogen 
bonds). 
 
Solvent effects: Differential solvation effects generally produce equilibrium shifts in tautomeric 
systems. The data shown in Table 3 demonstrate that a higher solvent polarity produces an increase 
in keto forms concentration for compounds 1-8, whereas in the case of compounds 9-11 the effect is 
opposite. This behaviour can be explained considering the values of ΔH and ΔS of each compound, 
discussed in the next section. 
 
Temperature effects: Enol contents and equilibrium constants K were determined for compounds              
1-11 in CDCl3 and DMSO-d6 at five different temperatures between 25°C and 45°C. Equation 3 
provides a simple method for determining ΔH and ΔS in keto-enol tautomerization for the studied 
compounds. 
 

ln �
[enol]

[keto]
� = ln � = −

∆��

��
= −

∆�

�
∙

1

�
+

∆�

�
                                                                                                (3) 

 
Figs. 2 and 3 show the lnK vs 1/T plots for β-ketoamides 1-11 in both solvents. The calculated slopes 
and y-intercepts obtained by linear fitting of these graphics can be used to determine the enthalpy and 
entropy of the tautomeric equilibrium of each compound. Unfortunately, this procedure could not be 
applied to compounds 4-8 in DMSO-d6, since the enol tautomer could not be detected within the 
experimental temperature range. Results are shown in Table 4. 
 
As expected, compounds including an electron donating moiety (compounds 2, 5, 7 and 10), which 
have lower enolic contents (Table 3), show higher values of ΔH compared to the reference 
compounds (1, 4 and 9). On the other hand, β-ketoamides having electron withdrawing groups 
(compounds 3, 6, 8 and 11) exhibit higher enolic contents and lower ΔH values. 
 
The ΔH values shown in Table 4 are more negative in DMSO-d6 than in CDCl3, indicating that, in this 
solvent, the enol form would be more stabilized than the keto form. This effect can be explained 
considering that one molecule of Z-enolamide tautomer can form two intermolecular hydrogen bonds 
with DMSO, while in the ketoamide tautomer only one intermolecular hydrogen bond is possible 
(Scheme 3). 



Substituent, Temperature and Solvent Effects on the Keto

On the other hand, ΔS values are more negative in DMSO
the equilibrium towards the keto tautomer. This fact can be explained consider
molecular arrangements that are set when the tautomers form hydrogen bonds with DMSO
 

Fig. 2. lnK vs 1/T plot for compounds 1

Fig. 3. lnK vs 1/T plot for compounds 1
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values are more negative in DMSO-d6 compared with CDCl3, what would shift 
the equilibrium towards the keto tautomer. This fact can be explained considering the different 
molecular arrangements that are set when the tautomers form hydrogen bonds with DMSO

 
plot for compounds 1-11 in CDCl3. Linear fitting equations shown on the right

 

 
plot for compounds 1-3 and 9-11 in DMSO-d6. Linear fitting equations shown 

on the right 
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Table 4. Thermodynamic parameters in CDCl3 and in DMSO-d6 for compounds 1-11 
 

Compound CDCl3 DMSO-d6 

ΔH  

(kcal/mol) 

ΔS  

(cal/mol·K) 

ΔH  

(kcal/mol) 

ΔS  

(cal/mol·K) 

 

1 

X = H 

−3.0 ± 0.2 −7.4 ± 0.7 −3.6 ± 0.8 −15 ± 3 

2 

X = OCH3 
−1.6 ± 0.2 −3.0 ± 0.7 −2.0 ± 0.2 −10.0 ± 0.5 

3 

X = Cl 

−3.1 ± 0.1 −7.6 ± 0.3 −5 ± 1 −18 ± 4 

NH2

OO

Y

X  

4 

X = Y = H 
−0.40 ± 0.02 −3.20 ± 0.05 - - 

5 

X = H/Y = OCH3 
−0.23 ± 0.08 −6.7 ± 0.3 - - 

6 

X = H/Y = Cl 

−1.0 ± 0.3 −4 ± 1 - - 

7 

X = OCH3/Y = H 
−0.32 ± 0.07 −3.3 ± 0.3 - - 

8 

X = Cl/Y = H 
−0.58 ± 0.08 −3.7 ± 0.5 - - 

 

9 

Y = H 
−0.92 ± 0.01 −7.02 ± 0.04 −3.6 ± 0.9 −14 ± 3 

10 
Y = OCH3 

+0.5 ± 0.3 −4.9 ± 0.9 −2.7 ± 0.2 −14.4 ± 0.5 

11 

Y = Cl 
−1.1 ± 0.3 −7 ± 1 −4 ± 1 −14 ± 4 

 

 
 

Scheme 3. Solvent-tautomer interaction in ketoamide-enolamide equilibrium 
 

The result of these two contrary effects is explained by experimental determinations, and the overall 
equilibrium shift (which depends ultimately on ΔG, Table 3) indicates that in compounds 1-8 the 
entropic effect predominates over the enthalpic effect. On the other hand, in compounds 9-11 the 
enthalpic effect is the one that rules the situation. This difference can be explained considering that in 
compounds 1-8 (in which R1 = Ar) the solvation of one NH hydrogen is sterically hindered by the 
phenyl group. In the case of compounds 9-11 (in which R1 = H) both NH hydrogens are easily 
solvated. These assumptions are supported by the different decrease in ΔH in DMSO-d6 respecting  
to CDCl3 (approximately a decrease of 1 kcal/mol for compounds 1-3 and 3 kcal/mol for compounds 
9-11). 



Substituent, Temperature and Solvent Effects on the Keto

Data obtained from these experiments also show a linear relation between ln
temperatures. Fig. 4 shows the plot of ln
common mechanism underlying all the studied equilibria [2
 

Fig. 4. lnK (45°C) vs 

Enthalpies of reaction ΔH were calculated in order to support the previous 
DMSO, two types of calculations were made: considering the solvent as PCM model (i.e. 
homogeneous polarizable medium surrounding the molecule) and adding explicit solvent molecules. 
Figs. 5 and 6 show the calculated 
respectively.  
 

In CDCl3, the calculated values are close to the experimental ones, within a medium deviation of 0.3 
kcal/mol. In the case of DMSO-d
molecules (medium deviations are 1.5 kcal/mol and 0.6 kcal/mol for calculations using PCM model 
and PCM + explicit solvent molecules, respectively). This results support the previous assumptions
regarding solvation of tautomers by DMSO 
 

Fig. 5. Calculated vs experimental ΔH for tautomeric equilibrium of compounds 1
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Data obtained from these experiments also show a linear relation between ln
4 shows the plot of lnK at 45°C vs lnK at 25°C, where the linear fitting suggests a 

common mechanism underlying all the studied equilibria [27]. 

 
vs lnK (25°C) plot for compounds 1-11 in CDCl3 

 
Enthalpies of reaction ΔH were calculated in order to support the previous assumptions. In the case of 
DMSO, two types of calculations were made: considering the solvent as PCM model (i.e. 
homogeneous polarizable medium surrounding the molecule) and adding explicit solvent molecules. 

5 and 6 show the calculated vs the experimental ΔH plots in chloroform and DMSO, 

, the calculated values are close to the experimental ones, within a medium deviation of 0.3 
d6, calculations are improved when considering explicit solvent 

molecules (medium deviations are 1.5 kcal/mol and 0.6 kcal/mol for calculations using PCM model 
and PCM + explicit solvent molecules, respectively). This results support the previous assumptions
regarding solvation of tautomers by DMSO via hydrogen bonds. 

 
Fig. 5. Calculated vs experimental ΔH for tautomeric equilibrium of compounds 1
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Data obtained from these experiments also show a linear relation between lnK at different 
C, where the linear fitting suggests a 

 

assumptions. In the case of 
DMSO, two types of calculations were made: considering the solvent as PCM model (i.e. 
homogeneous polarizable medium surrounding the molecule) and adding explicit solvent molecules. 

plots in chloroform and DMSO, 

, the calculated values are close to the experimental ones, within a medium deviation of 0.3 
, calculations are improved when considering explicit solvent 

molecules (medium deviations are 1.5 kcal/mol and 0.6 kcal/mol for calculations using PCM model 
and PCM + explicit solvent molecules, respectively). This results support the previous assumptions 

 

Fig. 5. Calculated vs experimental ΔH for tautomeric equilibrium of compounds 1-11 in CDCl3 
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Fig. 6. Calculated vs experimental ΔH for tautomeric equilibrium of compounds 1

 

Internal hydrogen bonds: In order to correlate enol contents and thermodynamic functions (Δ
ΔS) with the stability of the intramolecular hydrogen bonds, the dependence of δ
hydrogens (δOH and δNH) with temperature was studied for compounds 
Previous works have proved that Δδ
(the lower the value of Δδ/ΔT, the greater the stability of the bond) [2
Table 5. 
 

This analysis could not be made for compounds 
are overlapped with the aromatic peaks, impeding a precise determination of their δ.
 

Table 5. Temperature dependence of δ
 

Tautomeric form Compound

 
Z-enolamide 

1 (R1 = Ph / R
2 (R1 = p
3 (R1 = p
9 (R1 = H / R
10 (R1 = H / R
11(R1 = H / R

 
ketoamide 

1 (R1 = Ph / R
2 (R1 = p
3 (R1 = p
9 (R1 = H / R
10 (R1 = H / R
11(R1 = H / R

 
The calculated Δδ/ΔT values agree with the ones obtained in previous works for similar compounds 
(Δδ/ΔT < 4 ppb/K for O─H∙∙∙O and Δ
bonds are, indeed, intramolecular. Similar trends are obtained in DMSO
 
Data from Table 5 are consistent with the previous assumptions regarding the effect of the internal 
hydrogen bonds on the stability of the tautomers. In other words, compounds showing lower values of 
ΔδOH/ΔT and higher values of ΔδNH

versa. 
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Fig. 6. Calculated vs experimental ΔH for tautomeric equilibrium of compounds 1

DMSO-d6 

In order to correlate enol contents and thermodynamic functions (Δ
) with the stability of the intramolecular hydrogen bonds, the dependence of δ of OH and NH 

) with temperature was studied for compounds 1-3 and 9
δ/ΔT values can be correlated with the stability of hydrogen bonds 

, the greater the stability of the bond) [28]. The data are

This analysis could not be made for compounds 4-8, since the signals corresponding to NH hydrogen 
are overlapped with the aromatic peaks, impeding a precise determination of their δ. 

Table 5. Temperature dependence of δOH and δNH for compounds 1-3 and 9-11 in CDCl

Compound Δδ/ΔT (ppb/K) 
= Ph / R2 = CH3) −1.6 ± 0.1 

p-MeOPh / R2 = CH3) −1.8 ± 0.2 
p-ClPh / R2 = CH3) −1.2 ± 0.1 

= H / R2 = Ph) −1.7 ± 0.2 
= H / R2 = p-MeOPh) −1.5 ± 0.5 

= H / R2 = p-ClPh) −1.15 ± 0.03 

= Ph / R2 = CH3) −6.80 ± 0.06 
p-MeOPh / R2 = CH3) −6.5 ± 0.6 
p-ClPh / R2 = CH3) −7.3 ± 0.8 

= H / R2 = Ph) −5.80 ± 0.06 
= H / R2 = p-MeOPh) −5.2 ± 0.8 

= H / R2 = p-ClPh) −6.0 ± 0.6 

values agree with the ones obtained in previous works for similar compounds 
Δδ/ΔT < 9 ppb/K for N─H∙∙∙O) [28], corroborating that the hydrogen 

bonds are, indeed, intramolecular. Similar trends are obtained in DMSO-d6. 

Data from Table 5 are consistent with the previous assumptions regarding the effect of the internal 
the stability of the tautomers. In other words, compounds showing lower values of 

NH/ΔT are also the ones that have higher enolic content and 
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In order to correlate enol contents and thermodynamic functions (ΔH and 
of OH and NH 
9-11 in CDCl3. 

values can be correlated with the stability of hydrogen bonds 
]. The data are presented in 

, since the signals corresponding to NH hydrogen 

11 in CDCl3 

 

values agree with the ones obtained in previous works for similar compounds 
], corroborating that the hydrogen 

Data from Table 5 are consistent with the previous assumptions regarding the effect of the internal 
the stability of the tautomers. In other words, compounds showing lower values of 

are also the ones that have higher enolic content and vice 
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These assumptions about the strength of hydrogen bonds can be further corroborated by means of a 
method previously reported for diamines which compares the calculated OH and NH vibration 
frequencies of the molecules with and without internal hydrogen bonds [29]. Such frequencies are in 
each case lower for the conformer that presents hydrogen bond and higher for the one that does not. 
The difference between these two values is correlated to the energy of the hydrogen bond (the higher 
the difference in frequency, the higher the bond strength). 
 
The values obtained in a previous work for these eleven β-ketoamides [24] show that electron 
acceptors (no matter their position) would reinforce the O─H∙∙∙O=C bond in the Z-enolamide tautomer 
and weaken the C=O∙∙∙H─N bond in the ketoamide tautomer, being the effect opposite in the case of 
donors placed at C2. Donors at C3 would make both hydrogen bonds stronger, but the effect would 
be more important in the ketoamide tautomer. These results support the assumptions stated above 
(Electronic effect section), remarking the importance of hydrogen bond as a crucial factor affecting 
equilibrium shift in this system.  
 
4. CONCLUSIONS 
 
Keto-enol tautomerism is observed in a series of β-ketoamides by means of NMR spectroscopy, 
being amide-imidol equilibrium not detectable. The equilibrium is strongly dependent on solvents, 
temperature and substituents. Intramolecular hydrogen bond formation seems to be a significant 
factor that stabilizes the different tautomeric forms. 
 
In solution, these compounds exist mainly as ketoamide and Z-enolamide tautomers, both forming 
internal hydrogen bonds. The rest of the possible tautomers (ketoimidol, E-enolamide, E- and Z-
enolimidol) show very low concentration (at least lower than the detection limit) or probably do not 
exist in neutral solution. 
 
In all cases, the equilibrium is shifted to the Z-enolamide form by several factors: 
 

1) Electron withdrawing substituents (e.g. p-chlorophenyl). 
2) A temperature decrease, since the equilibria are exothermic (except for one compound). 
3) Bulky groups at C2 position. This effect is less important when there are two phenyl groups at 

C2 and C3 positions, because of the steric hindrance. 
4) The presence of hydrogen bond acceptor solvents (e.g. DMSO), but only when there are no 

bulky groups on C2. Otherwise, hydrogen bond acceptor solvents decrease the enol content. 
 
All these factors increase the enolamide content apparently by stabilizing the Z-enolamide tautomers 
(strengthening the internal O─H∙∙∙O=C hydrogen bond) and/or destabilizing the ketoamide tautomer 
(weakening the internal C=O∙∙∙H─N hydrogen bond). 
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ABSTRACT 
 

Chitosan, a naturally available biopolymer which is now increasingly used as a functional finish on 
textile substrates to impart antimicrobial characteristics and increase1 dye uptake of fabrics, was 
blended with different ratios of gelatinized starch. e chitosan was extracted and characterized by IR, 
H-NMR, and X-ray powder direction. These blends were tested as thickeners in textile screen printing 
using Curcuma tinctoria as natural dye. e rheological properties and the viscosity of the printing paste 
were measured. The effect of chitosan on the printing properties of different fabrics (natural, blends, 
and synthetic fabrics) was studied by measuring the color strength value (K/S) and related color 
parameters of the printed fabrics. e antimicrobial properties of printed fabrics were assessed. The 
results proved that the printed fabrics using these new thickeners showed increase in the color 
strength value (K/S) giving darker color which means that chitosan increased the dye uptake on 
fabrics. Fastness properties of the printed fabrics to washiftng, rubbing, perspiration, and light have 
also been improved. Thee treated fabrics were found to be antimicrobial also these blends used as  a 
multi-functional thickener via adding of chitosan to gelatinous starch that it act as antibacterial agent, 
binder, and improve the pigment printing properties of different fabrics. 
 
Keywords:  p(x)-Laplacian equation; existence; uniqueness; numerical blow-up; variable exponents; 

difference method. 
 

1. INTRODUCTION 
 
Improving the environmental impact and unifying processes as a result of using one class of dyes in 
coloring fabrics made of blends of chemical and natural fibers is one of the main trends in the 
evolution of textile dyeing and printing technology. Recently, there has been a revival of interest in 
natural dyes throughout the world as some synthetic dyes are being banned due to their toxic, 
carcinogenic, and polluting nature. Natural dyes are used for food coloring, painting, and textile dyeing 
[1,2]. They have shown a greater interest in textile dyeing because they are more eco-friendly than 
synthetic. Recently, there has been a revival of interest in natural dyes throughout the world as some 
synthetic dyes are being banned due to their toxic, carcinogenic, and polluting nature. Most natural 
dyes need the use of chemicals, called mordant, to help promoting dye absorption and fixing and 
prevent bleeding and fading of the colors. Mordants form chemical bonds between the dye molecules 
and the proteins of the fabrics (wool is generally the best fabric colored with natural dyes). Natural 
dyes are used for food coloring, painting, and textile dyeing [1,2]. They have shown a greater interest 
in textile dyeing because they are more eco-friendly than synthetic dyes. Curcumin (1,7-bis(4-
hydroxy-3-methoxy phenyl)-1,6-heptadione-3,5-dione) is a yellow pigment present in rhizome of 
Curcuma longa which is widely used in food industry [3]. Treatment of textiles with chitosan which is 
considered as multifunctional finish not only contributes to its antimicrobial properties but also results 
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in enhancement of color strength thus generating much interest towards chitosan [4-6]. It is also used 
as an auxiliary in printing of textiles. It has been reported that the printed samples have comparable 
color fastness to that of commercial printed samples, but chitosan film on fabric surface is not 
desirable since it causes the problem of fabric stiffness (poor handling) [7,8]. Blending of starch with 
chitosan results in formation of edible coating with a good film forming and mechanical properties [9]; 
starch must be gelatinized first before blending with chitosan. Hence the aim of the present study is to 
investigate the combined effect of chitosan and gelatinized starch as thickening agent in screen 
printing technique using natural dye and to explore its antimicrobial properties. 
 

2. BASIC SPACES AND THE MAIN RESULTS 
 
2.1. Materials 
 
2.1.1 Soluble starch was obtained from Fluka Chemical Company 
 

2.1.2 Curcuma tinctoria was purchased from the local market 
 

2.1.3 High viscosity sodium alginate from brown algae, manufactured by (Fluka Chemical 
Company), was used as a thickening agent 

 

2.1.4 Fabric 
 

Cotton: Mill desized,2 bleached, and mercerized cot-ton fabrics (130 g/m ) produced by Misr/Helwan 
for Spinning and Weaving Company, Egypt. 
 

Wool: Mill scoured wool fabric (100%) supplied by Misr Co. for Spinning and Weaving, Mehalla El-
Kubra, Egypt. 
 

Nylon: Nylon-6 fabric produced by El-Shourbagy Co. Cairo, Egypt. 
 

Polyester: Polyester- (PE-) knitted fabric of 150 g/m2, supplied by a private sector company which 

was treated with a∘ solution containing 1 g/L nonionic detergent at 7°C for 1/2 h, thoroughly washed, 
and air-dried at room temperature. 
 

Blend fabrics: Different kinds of blended fabrics comprise viscose/polyester (80/20) and 
cotton/polyester (60/40) were also used. 
 

2.2 Methods 
 

2.2.1 Extraction of chitosan  
 

Chitosan was extracted from-marine shrimp shells%. e exoskeletons of the shrimps were crushed and 
treated in the usual way with HCl, NaOH 1-2 M then with 40 NaOH to extract the chitosan [10]. 
Chitosan was characterized 1using the Fourier transform infrared (FTIR) spectroscopy, H-NMR% 
spectroscopy, and X-ray powder diffraction. 
 

The degree of deacetylation (DDA) of chitosan deter-mined by potentiometric titration [11], and the 
molecular weight % was calculated using the value of intrinsic viscosity%11 [12]. 44 measured×10 by 
an Ubbelohde viscometer. The value of (DDA) and4 molecular weight of chitosan were 85 and 
gm/mol, respectively. 
 

2.2.2 Characterization of prepared chitosan 
 
The Fourier Transform Infrared (FTIR) Spectroscopy. The FTIR spectra were measured in KBr 
pellets−1 in the transmission mode in the range 4001–7000 cm using Perkin-Elmer 2000 spec-
trophotometer1. H-NMR Spectra. Nuclear magnetic resonance H-NMR spectra were measured2 
using JNMAl 300; Jeol spectrometer at 300 MHz in D O in which drops of DCl was added to enhance 
solubility. X-Ray Diffraction. X-ray diffraction analysis (XRD) was applied to detect the crystallinity of 
the extracted samples of chitin and their corresponding chitosan. A Scintag powder diffractometer was 
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used for this purpose between 2� angles of 5° and 40°. Ni-filtered Cu K -radiation was used as the X-
ray source. The relative crystallinity of the polymers was calculated by dividing the area of the 
crystalline peaks by the total area under the curve. 
 
2.2.3 Gelatinization of starch solution in microwave 
 
Starch was gelatinized first in microwave before blending with chitosan. Starch samples with 
predetermined starch concentrations, were prepared by using soluble starch and distilled water, and 
the samples were stirred gently just before heating them in the microwave oven in order %to ensure 
that the starch was fully suspended in the water. e starch ratio in the prepared samples was 3, 4, 5, 
and 6. Then starch samples (150 mL) were heated at full power in the microwave oven WP800 for 2 
minutes. 
 
2.2.4 Blend formation  
 
Chitosan was blended % with all the prepared gelatinized starch with fixed ratio 1 of the starch 
samples. 
 
2.2.5 Preparation of printing paste  
 
The suitability of chitosan and gelatinized starch blends as thickening agents in screen printing 
technique was investigated using Curcuma tinctoria as natural dye. To achieve this goal, different 
printing paste using the new thickeners and another one with sodium alginate as thickening agent for 
the sake of comparison were prepared according to the recipe given in Table 1. 
 
Sodium alginate was first soaked in small amount of water overnight at room temperature before 
preparing the printing paste. The natural color and urea were then added on the thickener suspension 
as in the recipe mention then the total weight of the whole paste was adjusted to one kilogram with 
the addition of the necessary amount of water. All the printed samples except the wool samples werefi 
fixed via thermofixation at 160°C for 5 min. The wool printed samples were fixed by steaming at 
100°C for 10 min after fixation the printed samples were washed as follows. 
 

1. Washiftng with cold running water. 
 

2. Soaping (using 2 g/L nonionic detergent namely Espycon 1030) at 45 C for 15 minutes. 
 

3. Rinsing with cold water. 
 

At this end the printed fabrics were dried and assessed for color strength value (K/S) and over all 
fastness properties. 
 

Table 1. Printing paste recipe 
 

Thickening agent 500 g 
(Sod.alginate suspension or chitosan-starch blends) 
Curcuma tinctoria 30 g 
Urea 100 g 
Water 370 g 
 1000 g 
 
2.2.6 Rheological properties  
 

Rheological properties of chitosan/gelatinous-starch blends were studied using Brookfield Digital 
Rheometer, model HA DVIII Ultra (Brookfield engineering Laboratories INC.), with spindle no. SC4-21 
[13]. The rheological parameters for starch chitosan blends were measured at room temperature. 
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2.2.7 Determination of color strength and related parameters 
 
The color strength of the printed samples was evaluated by Hunter Lab Ultra scan PRO. at �max. The 
color difference and relative color strength % between chitosan/starch printed samples and control 
samples were also obtained using the following relationships.  Relative color strength (%) = (K/S of 
chitosan/starch blend)/(K/S of control sample) ×100: 
 

 
 

                                  (1) 
 
“�” describes lightness; “�” measures redness or greenness “�” measures yellowness or blueness; 
where �

*
, �

*
, and �

* 
are color parameters of control sample. 

 
2.2.8 Determination of fastness properties 
 
Thee treated samples were washed as per the conditions specified in the test. 
 
AATCC test method [14]. The color fastness to rubbing, perspiration, and light was determined 
according to the AATCC test methods [15–17]. 
 
2.2.9 Antibacterial activity 
 
The Antibacterial activity was assayed in the Microanalytical Centre of Cairo University using Kirby-
Bauer disc diffusion method [18]. 

 
3. MAIN RESULTS 
 
This paper aims to produce a multi-functional thickener via adding of chitosan to gelatinous starch that 
it act as antibacterial agent, binder, and improve the pigment printing properties of different fabrics. 
The used chitosan was extracted from Egyptian marine shrimp shell and characterized by IR, 

1
H-

NMRand X-ray powder diffraction. The blends were prepared by adding fixed ratios of Chitosan to all 
the gelatinized starch samples. Different fabrics (natural, blend and synthetic) were printed by screen 
printing technique. For the comparison another samples were printed using the traditional printing 
paste which contain commercial binder. 
 
Generally, the data showed that the printed samples using starch /chitosan blends either in a ratio of 
5% or 6% achieved improvement in the colour strength and related colour parameters are higher than 
those printed using the traditional pigment printing paste with good to excellent fastness properties. 
 

3.1 Existence 
 
FTIR Spectra. The FTIR spectra of chitosan represent a characteristic band at 3424 cm-1 which is 
attributed to –NH2  and –OH groups stretching vibration, the band for amide at 1654 cm

-1
, and the 

aliphatic C–H stretching between 2921 and 2876 cm-1, When starch and chitosan are mixed, physical 
blends versus chemical interactions are reflected by changes in characteristic spectra peaks In the 
typical spectrum of chitosan/starch composite film, the amino peak of chitosan shiftfted from 1578 to 
1584 cm

-1
 with the addition  of starch). This result indicated that interactions were present between the 

hydroxyl groups of starch and the amino groups of chitosan [19,20]. 

 
3.2 1H-NMR Method  
 

The chemical shiftft of methyl protons in acetamide group to appear at 2.07 ppm in acidic deuterium 
oxide solutions while the methyl group of glacial acetic acid appears at 2.12 ppm (The Aldrich Library 
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of NMR Spectra). Therefore, the peak around 2.1 ppm can be safely assigned to the methyl protons in 
the acetamide group, and that around 2.2 ppm is due to the methyl group in acetic acid moiety. The 
chemical shift is affected by solvent type, concentration and temperature, and taking these into 
account, one can explain the difference between the chemical shift value reported by Shen et al. [21], 
and those reported here. 
 

In the obtained spectra, the difference in chemical shift s between peaks at about 2.1 and 2.2 ppm is 
constant (about 0.15 ppm) within the experimental errors. The setting of TMS peak to be 0 ppm is 
sometimes slightly affected by operational and spectral variations, and for peaks with many “spikes” as 
in our case, the reproducibility might be lowered. Therefore, it can be safely stated that the               
chemical shift for amide methyl protons can be set to 2.06 ppm and that for acetic acid moiety to 2.21 
ppm. 
 

3.3 X-Ray Diffraction  
 

X-ray diffraction (XRD) analysis was applied to detect the crystallinity of the isolated chitin 
and the obtained chitosan the structure of �-chitin has been determined [22] using X-ray diffraction 
analysis, based on the intensity data from deproteinized lobster tendon. Least-squares refinement 
shows that adjacent chains have alternating sense (i.e., are antiparallel). In addition, there is a 
statistical distribution of side chain orientation such that all the hydroxyl group form hydrogen bonds. 
The unit cell is orthochromic. 
 

The chains form hydrogen bonded sheets linked by C=O⋯H- - -N bonds approximately parallel to the 
a-axis, and each chain has an O-3′- - -H⋯O.5 intramolecular hydrogen bond, similar to that in 
cellulose. The results indicate also that a statistical mixture of CH2OH orientations is present 
equivalent to half oxygen on each residue, each forming interand intramolecular hydrogen bonds. As a 
result, the structure contains two types of amide groups, which differ in their 
hydrogen bonding, and account for the splitting of the amide I band in the infrared spectrum. The 
inability of this chitin polymorph to swell on soaking in water is explained by the extensive 
intermolecular hydrogen bonding. 
 

3.4 Rheological Properties 
 

The rheological behavior of the printing paste plays one of the most important roles in the process of 
textile printing because it affects the amount of printing paste applied on the textile surface and 
consequently on the quality of the printed substrate. Hence, pastes of the aforementioned blends were 
prepared and the rheological properties of the pastes were monitored before and after storing of the 
pastes for 24 h. e results obtained are shown in Figs. 1 and 2. 
 

The rheograms reveal that all the pastes under investigation display non-Newtonian pseudoplastic 
behavior since the ascending and descending rheograms are coincident. This reveals the 
homogeneity of the molecular structure of the pastes which are amenable to rebuild themselves and 
retain their original state immediately after removal of the acting force, thereby exhibiting pseudoplastic 
behavior. 
 

Fig. 1 shows that, the location of the rheograms with respect to the rate of shear axis depends on the 
nature of the thickening agent used. As the concentration of starch increases the rheogram is located 
far from the rate of shear axis indicating an increase in the apparent viscosity. 
 

Fig. 2 represents the rheograms of the aforementioned pastes a er storing for 24 h. It is clear from the 
rheograms that storing has practically no effect on the rheological characteristics of these                     
pastes where each of these pastes remains exhibiting non-Newtonian pseudoplastic behavior after 
storing. 
 

The apparent viscosity at various rate of shear of the aforementioned pastes was calculated from the 
values of rate of shear. The results obtained are given in Tables 2 and 3. It is clear that the storing for 
24 h does not affect so much the appearing viscosity of the prepared pastes. 
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Table 2. Effect of starch concentration on the apparent viscosity at various rate of shear for 
freshly prepared pastes 

 

Rate of shear (sec
−1

) Apparent viscosity 

3% starch 4% starch  5% starch 6% starch 

9.3 190 250 430 820 

18.6 180 240 415 760 

27.9 173.3 236.7 406.7 730 

37.2 166 230 395 700 

46.5 161.7 226 386 672 

55.8 160 223.3 378.3 651 

65.1 155 220 368.6 634.3 

74.4 153.3 217.5 361.2 616.2 

83.7 152 214.4 354.4 601.1 

93 152 212 347 587 

93 152.2 210 349 587 

83.7 152.5 212.2 348 600 

74.4 152.9 215 352.5 617.5 

65.7 155 217.1 358.6 634.3 

55.8 155 220 365 655 

46.5 156 222 370 660 

27.9 157.5 225 380 710 

37.2 158.7 230 390 750 

18.6 160 235 400 795 

9.3 163 240 410 870 
 

Table 3. Effect of starch concentration on the apparent viscosity at various rate of shear for 
prepared pastes after storing 24 hours 

 

Rate of shear (sec
−1

) Apparent viscosity 

3% starch 4% starch  5% starch 6% starch 

9.3 150 260 500 1070 

18.6 145 243 475 955 

27.9 140 236.7 458.7 903.3 

37.2 140 230 442.5 890 

46.5 130 226 428 864 

55.8 136.7 221.7 418 850 

65.1 135.7 218.6 408.6 840 

74.4 133.7 215 400 853 

83.7 133.7 212.2 392.2 830.8 

93 133 210 386 814 

93 132. 210 385 802 

83.7 132.2 212.2 391.1 822.2 

74.4 132.5 215 398.7 825 

65.1 132.9 217.1 407 788 

55.8 133.3 221.7 416.7 765 

46.7 136 224 426 750 

27.9 137.5 230 137.5 787.5 

37.2 136.7 233.3 453.3 833 

18.6 140 240 470 905 

9.3 150 250 500 1010 
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Table 4. The K/S, relative color strength % of Curcuma tinctoria printed samples 
 

Thickener used Kind of fabric used 
Cotton Cotton/polyester Polyester Viscose/polyester Polyamide Wool 

K/S % K/S K/S % K/S K/S % K/S K/S % K/S K/S % K/S K/S % K/S 
Sod. alginate 3.88 100 1.91 100 0.98 100 4.24 100 1.44 100 2.01 100 
3% starch 6.46 167 7.45 390 5.01 511 8.15 192 5.74 399 9 474 
4% starch 9.61 248 11.42 598 5.04 514 7.92 187 7.04 488 8.12 404 
5% starch 7.94 205 5.93 311 5.12 523 7.06 167 7.94 551 6.57 327 
6% starch 5.81 150 3.48 182 4.97 201 6.97 164 6.32 439 5.66 282 

 
Table 5. Color parameter and the color difference of printed Fabrics 

 
Printed sample L∗ a∗ b∗ L a b ΔL Δa Δb ΔE Ca*b* Cab 
Wool 76.22 -1.85 47.68 63.53 9.72 55.63 12.69 11.57 7.95 50.83 47.7 56.4 
Polyamide 67.42 -4.44 16.29 64.53 −5.56 57.30 2.96 1.12 41.01 41.13 16.8 17.7 
Polyester 83.96 -7.36 15.39 74.03 −5.39 63.21 9.93 1.97 47.82 48.88 17.0 63.4 
Cotton/polyester 77.81 -2.16 41.39 67.50 11.48 49.02 10.31 13.46 7.81 18.66 41.4 50.3 
Cotton 85.15 -4.14 13.6 70.54 6.64 62.82 14.61 10.78 49.22 51.71 14.2 63.1 
Viscose/polyester 80.91 -4.93 22.02 72.63 2.38 58.51 8.28 7.31 36.49 38.13 22.5 58.5 
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Table 6. Fastness properties of control and highest K/S samples and surface roughness of 
fabrics 

 

 
 

Table7. Antibacterial activity of different printed fabrics 
 

Sample Inhibition zone diameter (mm/mg sample) 
Bacillus 
subtilis (G+) 

Esherichia 
coli (G−) 

Staphylococcus 
aureus (G+) 

Pseudomonas 
aeruginosa gram (G−) 

Control 0.0 0.0 0.0 0.0 
Cotton 14 14 15 14 
Cotton/polyester 15 15 15 16 
Viscose/polyester 15 16 15 16 
wool 16 16 15 16 

 

3.5 Color Strength and Related Parameters 
 
Chitosan has been proved to increase the rate of dye uptake and dye exhaustion of wool fabrics in the 
case of acid, reactive dyes and natural dye as henna [5,23,24]. However, combination of starch with 
chitosan to be used as thickening agent in textile printing has not been investigated so far. Therefore 
it has been taken up in the present study with natural dye. Thickeners act as a vehicle for the dye and 
during the fixation the dye transferred into the fabric then the thickener is washed off completely from 
the fabric. K/S value is directly proportional to the amount of dye present in the material and it can be 
used to evaluate the efficiency of new thickeners. e K/S values and the relative color strength of 
Curcuma tinctoria printed samples are given in Table 4. 
 
It is clear from Table 4, that the K/S and the relative color strength values of all the printed samples 
using starch/chitosan thickeners are higher than that of the standard samples. ese results further affm 
that chitosan increases% the amount of Curcuma tinctoria uptake. This holds true in all printed 
samples despite the nature of fabric used and the % of starch in the thickener. 
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Fig. 1. Rheograms of different concentrations of fresh prepared starch/chitosan thickener 
 

 
 

Fig. 2. Rheograms of different concentrations of starch/chitosan thickener after storing for 24 
hours 

 
It is known that all natural dye have low affinity to synthetic fabrics and this was one of its drawback 
especially with the increase in production of synthetic fabrics and their blends. e K/S values of the 
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printed synthetic fabrics and their blends reveal that the presence of this ratio of chitosan in the% new 
thickeners has overcome this prob-lem. Cotton/polyester% printed samples achieved the highest 
relative color 598, where the K/S increases from 1.91 to 11.42 using 4 starch/chitosan thickener. The 
K/S of others synthetic printed fabrics (polyester and polyamide) increase from 0.98 to 5.12 and from 
1.44 to 7.94 with relative color strength 523 % and 551, respectively, using 5 % starch/chitosan 
thickener. For natural fabric as wool the highest K/S was achieved by using 3% starch/chitosan  
blend. These results refer that the highest K/S values have been achieved at different blends although 
the ratio of chitosan is constant, this may be due to the nature of the fabrics and the thickener 
viscosity. 
 
To evaluate the color parameter and the color difference of printed fabrics with highest K/S value, CIE 
Lab system is used. Where L refers to lightness-darkness values from 100 to 0 representing white to 
black, values run from negative Δ (green) to positive (red) and values run from negative (blue) to 
positive (yellow), and the total color difference is given by Δ�. 
 
It can be seen from Table 5 that the L values decrease in all the printed samples indicating that the 
sample becomes darker compared to that of the control sample. As seen from a and b values that the 
color hue changes to reddish yellow. 
 
The color difference (ΔE) values are also given in Table 5 and it can be clearly seen that there is a 
significant color difference between the samples and the control samples though the dye 
concentration is constant.  
 
The chroma is calculated as  (a

2
 + b

2
)
1/2

 as the chromaticity increases, a color becomes more intense; 
as it decreases a color become dull  and this is clear from Table 5 that the chroma of sample (Cab) 
increased. 
 

3.6 Determination of Fastness Properties and Surface Rough-ness 
 
It is clear from the data of Table 6 that with this new thickeners natural dye could print all kinds of 
fabrics under investigation with very good to excellent color fastness to rubbing, washing or 
perspiration. e notice of improvement is in the light fastness. 
 
The surface properties of the antistatic-treated fabrics are very important because these fabrics are 
used mainly for garments in direct contact with human skin, that surface roughness has strong effect 
on the wearer comfort. Surface roughness results of cotton, polyester, polyamide, and blend fabrics 
are given in Table 6. The results showed the same or slight increase in the surface roughness of the 
using chitosan/starch blend compared with the standard. 
 

3.7 Antimicrobial Activity of Treated Fabrics 
 
Early research describing the antimicrobial potential of chitin, chitosan, and their derivatives dated 
from the 1980–1990s [25]. Generally, recent data in the literature has the tendency to characterize 
chitosan as bacteriostatic rather than bactericidal. 
 
Table 7 shows that the printed fabrics using chitosan-starch blend exhibit antimicrobial characteristics 
compared with the control sample. 
 

3.8 Uniqueness 
 

Chitosan, which is a very useful nontoxic biopolymer, can be used as an effective antimicrobial finish 
and can also be used to increase the dye uptake of the fabrics. e new blends have definite rheological 
properties under varying shear stress during the entire printing process. 
 
The addition of chitosan to gelatinous starch has twofold effects: nature dye has successfully printed 
all fabric with increase in the color strength and related parameters of the printed fabrics, and the 
other is that it produces antimicrobial fabrics. The fastness properties of these fabrics are good 
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against washing, light and perspiration. Thus, a nontoxic, ecofriendly, multifunctional finish has been 
developed for using natural dye in printing all fabrics. 
 

4. CONCLUSION 
 
Chitosan, which is a very useful nontoxic biopolymer, can be used as an effective antimicrobial finish 
and can also be used to increase the dye uptake of the fabrics. The new blends have definite 
rheological properties under varying shear stress during the entire printing process. 
 
The addition of chitosan to gelatinous starch has twofold effects: Nature dye has successfully printed 
all fabric with increase in the color strength and related parameters of the printed fabrics, and the 
other is that it produces antimicrobial fabrics. The fastness properties of these fabrics are good 
against washing, light and perspiration. Thus, a nontoxic, ecofriendly, multifunctional finish has been 
developed for using natural dye in printing all fabrics. 
 
The chitosan starch blends has been successfully formed and applied in textile pigment printing. 
Chitosan was extracted from Egyptian marine shrimp shell and characterized by IR, 1H-NMRand X-
ray powder diffraction. Its blends were prepared by adding fixed ratios of chitosan to different 
gelatinized starch samples. The prints using starch /chitosan blends in a ratio of 5% or 6% achieved 
improvement in the colour strength and related colour parameters with good to excellent fastness 
properties. Roughness results show soft handle for all samples, except in commercial binder where 
the handle is harsh. 
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ABSTRACT 
 

In the current approach, treatment and optimization of a non-traditional heating technique to assist a 
rapid method for one-pot synthesis of Titanium di-oxide nanoparticles (TiO2NPs) within a few minutes 
was studied. The prepared TiO2 NPs are submitted to innovative treatment using microwave 
irradiation. The effect of prepared TiO2 NPs by using microwave irradiation as well as the 
conventional method of dyeing of cotton fabric with acid dye was studied. TiO2 NPs were examined 
through transmission electron microscopy (TEM). The effects of TiO2 NPs on the multifunctional 
properties of the cotton fibers including coloration, antibacterial, and anti UV were evaluated. The 
overall results point out that, the TiO2 NPs are successfully prepared by using microwave heating by 
saving time and energy. The treated fabrics by prepared TiO2 NPs exhibited excellent colorfastness 
as well as good antibacterial, and anti UV properties if compared to the untreated fabrics, in 
straightforward, the procedure adopted for fabricating these multifunctional fabrics is environmentally 
friendly beside time and energy-saving.  
 
Keywords:  Titanium di-oxide; nanoparticles; cotton treatment; microwave heating; antimicrobial; self-

cleaning. 
 

1. INTRODUCTION 
 
Lately, there are increasing interest in photograph catalysis stimulation using semiconductor materials 
as photograph catalysts for the removal of ambient concentrations of inorganic and organic species 
from the aqueous phase or gas in cleaning up the environment, drinking water treatment, industrial 
and health applications. This is due to the ability of TiO2 to oxidize organic and inorganic materials in 
air and water through redox processes [1]. 
 

TiO2 NPs have many features when it converts to the nanoscale, like it may be increasing the surface 
area of some materials that may occur photocatalytic interactions. This photocatalytic activity may be 
attention in many applications, for example, air purification, self-cleaning, water purification, and the 
preparation of molecular hydrogen. However, the high ability of TiO2 lie in self-cleaning which leads to 
the conversion of organic as well as biological molecules into the minimal molecular size so it 
becomes less harmful compounds. So, the search for different synthesis methods to produce TiO2 
motif is very useful to achieve maximum efficiency in applications of TiO2 [2]. 
 

The polymer is antibacterial, non-toxic, biodegradable, and biocompatible. Researcher work has been 
done on the planning of chitosan/silver nanocomposites in the solid forms, such as fibers, powders, 
and films [3]. The use of chitosan covers of fields, for example, pharmaceutical and therapeutic 
applications, paper production, textile, wastewater treatment, biotechnology, cosmetics, sustenance 
preparation, and horticulture [4-11]. 
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Many researchers worked on the preparation of TiO2 by several techniques [12-15] but there are fewer 
reports about the preparation of it via microwave irradiation to improve the multifunctional properties of 
different fabric surfaces. In addition, many researchers are interested in finding out novel technologies 
to achieve quality, time-saving, reduce water and energy consumption as well as eco-friendly 
processing [16-20]. When interacting materials have dielectric properties should be of these new 
technologies are known as “microwave technology” which could be used in different textile processes 
such as finishing, dyeing, printing, and wet processes while achieving the targets mentioned above 
[21-23]. One of the main advantages provided by microwave heating is homogenized, as the heating is 
uniformly distributed inhomogeneous manner and in all directions, while in the conventional heating 
technique, heating occurs from the outside to the inside of the heated system, which results in 
heterogeneity in the thermal distribution  [24,25]. This leads to speed up healing when compared to the 
conventional way, so the microwave reduces power consumption and reduces operational time 
[26,27]. In addition, energy transfer at a molecular level can have some additional advantages, which 
known as “volumetric heating”.  
 
Another advantage, microwave characteristics by used the “selective heating” of materials. The ability 
of the microwaves to interact with materials and transfer energy affects by molecular structure. When 
interact materials have dielectric properties, coupled with the higher loss material will selectively by 
microwaves [28,29]. This phenomenon of selective heating can be applied for a number of purposes. 
When classical heating is applied, considerable time and energy are consumed to heating up the 
interface by conduction through the substrates. While, when using microwaves, the joint interface can 
be heated in-situ by incorporating a higher loss material at interface [30]. In manifold stage materials, 
some stages may couple more easily with microwaves. Consequently, it may be possible to produce 
materials with new or individual microstructures by selectively heating a distinct stage. Microwaves can 
able to initiate chemical reactions through selective heating of reactants; so, new materials may be 
formed, which is not possible in classical processing [31-33].  
 
Many researchers assume to investigate the ability to use microwaves for a wide range of materials, 
like ceramics, polymers, composites (ceramic and polymer matrix), powders, and minerals. 
Microwaves have also been investigated in a wide range of plasma processes (surface treatment, 
infiltration of chemical vapor, powder processing), chemical synthesis and processing, and waste 
treatment. Although, the great effort that has been spent in the development of the microwave 
process, there has been little industrial application till now, with most of the effort still in the laboratory 
stage. Some of the more important problems that have prevented industrial apply. The main problems 
have related to microwave processing, which puts the user cation of microwave processing are: i) 
equipment cost, ii) limited applicability, iii) variation in dielectric properties with temperature; and iv) the 
ingrained inefficiency of electric power. 
 
The microwave-assisted route is one of the innovative methods and is a rapidly developing area of 
research. In contrast to conventional methods, microwave activity requires very short reaction time, 
consume less energy and it is able to produce small particles with narrow molecular size distribution 
and high purity that will lead to improvement of some physical, mechanical and chemical properties of 
these molecules. 
 
Microwaves, like other radio waves, are a form of electromagnetic waves. Electromagnetic waves are 
the wavelike amplitude of electric and permanent magnetic fields. Electrical fields are what make 
electric charges attract or repel. Positive (e+) and/or negative (e-) electric charges produce electric 
fields which in convert act on other charges. In the same way, magnetic fields cause permanent 
magnetic forces [12]. These types of fields are vertical to one another and constantly oscillate between 
the maximum (e+) and maximum (e-) (pointing in the opposite way). 
 
Currently, many microwave-based straightforward, quick, and energy-efficient routes have been 
created to prepare the nanostructured materials, including nanoparticles, nanowires, nanoplates, 
nanorods, etc. [34-38]. The purpose of this research was to develop a method suitable for prepared 
TiO2 nanoparticles by using microwave heating within a couple of minutes was described. In 
comparison with routine heat preparation, microwave irradiation is a more efficient heating method due 
to its rapid heat and energy penetration, therefore decrease the reaction time as well as decrease 
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energy consumption. The effect of prepared TiO2 by using microwave irradiation as well as the 
conventional method of dyeing of cotton fabric with acid dye was studied. The applicable of the 
prepared TiO2 as antimicrobial and anti UV was also evaluated.  
 

2. EXPERMINTAL 
 
2.1 Materials 
 
2.1.1 Substrate-cotton fabric 
 
Scoured cotton fabrics 140 g/m2 were supplied from Misr for Spinning and Weaving Company, Mahalla 
El- Kobra., Egypt. Cotton fabric was further treated with a solution containing 2 g/L nonionic detergent 
(Hostapal ® CV-Clariant), at 60°C for 30 minutes, then the fabrics were thoroughly rinsed with water 
and air dried at room temperature. 
 
2.1.2 Chemicals and instrumentation 
 
Chitosan (low molecular weight) (Aldrich), Titanium tetrachloride TiCl4 (Fluka), acid dyes 1,2 which 
synthesized according to the published methods [39] and its structure shown in Fig. 1, Titanium 
dioxide TiO2 nano particles were supplied from (Aldrich). All chemicals used in this study were of 
laboratory grade. UV spectra were recorded on a Perkin Elmer Lamb 15 UV/Vis spectrophotometer. 
Transmission electron microscope (TEM), 
  

 
 

Fig. 1. Structure of acid dye according to the published 
 

2.2 Preparation of TiO2 Nano Particles 
 
Synthesis of TiO2 nano particle was done by Sol-Gel technique by following two different heating 
methods. 
 
2.2.1 Conventional method 
 
Titanium tetra chloride (TiCl4) of 3.5 ml was added to 50 ml deionized water in ice bath and the 
process was done under fume hood followed by the addition of 35 ml of ethanol with vigorous stirring 
for 30 min at room temperature. Drops of ammonium hydroxide were added wisely into solution of the 
titanium tetra chloride (TiCl4), ethanol and deionized water to neutralize it and precipitate was 
obtained. After stirring vigorously, the solution was made to settle for twelve hours. The obtained 
precipitate was washed with deionized water until the removals of chloride ion, centrifuged then 
filtrated. The precipitate was dried at 200°C to remove part of the absorbed water for 4 hours and 
finally amorphous TiO2 was obtained. The obtained amorphous TiO2 was calcinated at 400°C for four 
hours step by step. Finally, the powder TiO2 nano material was obtained [40-43]. 
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2.2.2 Microwave irradiation 
 
The same procedures were repeated as mentioned above until the ppt. was obtained. Then the ppt. 
was dried via microwave for 8 min. and then calcinated amorphous TiO2 in the microwave for 8 min. at 
90 watt (total preparation time 16 min.). Instead of dried the ppt. at 200°C for 4 hours, then calcinated 
amorphous TiO2 at 400°C for four hours (total preparation time 8 hours). 
 
2.2.3 Treatment of cotton fabric with chitosan 
 
Treated cotton fabric by different concentration of Chitosan (1, 1.5, 2% W.O.F) dissolve in distilled 
water and 2% acetic acid for 60 minutes at 60°C, squeezed, dried at ambient temperature then dyed 
with the tow acid dyes mentioned above [44]. 
 
2.2.4 Treatment of cotton fabric by TiO2 nano particles [45]

 

 
Cotton fabrics were treated with different concentrations (0.5-2% W.O.F) of prepared TiO2 
nanoparticles by using microwave irradiation, conventional heating, and with commercial one via 
exhaustion method, for 20 min. at 80°C in the presence of a wetting agent in the dyeing machine. The 
liquor ratio of the exhaustion bath was 1:10. Then the treated Cotton fabrics were cured at 140°C for 
10 min., washed at 60°C for 20 min. followed by drying at room temperature. 
 
2.2.5 Dyeing of cotton fabric 
 
The cotton fabrics was dyed using exhaustion dyeing processes [46] according to the following 
diagram. 
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2.3 Color Measurements of Dyed Samples 
 
2.3.1 Color strength 
 
The colorimetric analysis of the dyed samples was performed using a Hunter Lab ultra-Scan® PRO 
spectrophotometer. The corresponding colour strength value (K/S) was assessed by applying the 
Kubelka Munk equation follows [47]. 
 

 
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R
SK

2

1
/
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                                                                                                            (1) 
 
Where, 
 

R = decimal fraction of the reflection of the dyed fabric, 
K = absorption coefficient, and S = scattering coefficient 
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2.4 Fastness Testing 
 
The dyed samples were subjected to rubbing, washing, perspiration and light according to standard 
ISO methods, ISO 105-X12 (1987), ISO 105-co4 (1989), ISO105-EO4 (1989), ISO 105-BO2 (1988) 
respectively. 
 
2.5 Antimicrobial Activity 
 
The standardized disc–agar diffusion method was followed to determine the activity of the synthesized 
compounds against the tested microorganism [48].

 

 

2.6 Antibacterial Assay 
 
Antimicrobial activity was tested by the filter paper disc diffusion method [49]. SMA and Mueller Hinton 
agar (Difco) containing 100 ppm of 2,3,5-triphenyl tetrazolium chloride were used for the antibacterial 
assay. 2,3,5-triphenyl tetrazolium chloride was added to culture media to differentiate bacterial 
colonies and to clarify the inhibition zone (28). Each plate was inoculated with bacterial, Escherichia 
coli (G-), Staphylococcus aureus (G+) (0.1 ml) directly from the broth. All plates were incubated at 
32°C for 4 days, after which the inhibition zones were measured and recorded in millimeters (mm). 
The scale of measurement was the following (disc diameter included):≥28 mm inhibition zone is 
strongly inhibitory ≤16 to 10 mm inhibition zone is moderately inhibitory; and ≤ 12 mm is no inhibitory 
[50-52]. Control plates were prepared by placing antibiotics to evaluate culture for antibiotic resistance 
patterns that might affect the sensitivity of the assay. The antibiotic used was penicillin 10 IU. 
 
2.7 Self-clean Action 
 
The self-cleaning action of TiO2 treated cotton fabric was investigated by exposing the samples with 
adsorbed coffee stains to visible radiation. The measured quantity of a 6% coffee solution was 
introduced on the cotton fabric and was allowed to spread. One half of each stain on the fabric was 
exposed to sunlight for 12-48 h, while the other half was covered with a black paper to prevent its 
radiation from sunlight. The exposed part of the stain was compared with that of the covered part for 
self-cleaning action. Premier color scan SS 5100A Spectrophotometer was used to measure the 
photodegradation of coffee stain [53]. 
 
2.8 Photo-Induced Discoloration on Cotton Textile 
 
This study aimed at the use of the stable and durable product of inorganic TiO2 NPs with a focus on 
the photocatalytic properties of TiO2 NPs as textile finishes. The influence of the surface coating on the 
photocatalytic degradation of acid dye I and II were studied since the photocatalytic activity of TiO2 
NPs in form of textile coating material was evaluated in a normal laboratory environment and after UV 
irradiation. The samples were irradiated by a UV lamp for 24 hr. 
 

3. RESULTS AND DISCUSSION 
 
3.1 Preparation of TiO2 Nano Particles 
 
Many researchers try to prepare TiO2 NPs by using different techniques but the use of microwave 
irradiation as a heating source is scanty. Fig. 2 shows the TEM images of TiO2 NPs prepared by two 
different heating methods (Traditional heating (2a) and microwave irradiation (2b)) and the commercial 
one (2c) for comparison. Fig. 2 (a) shows the effect of traditional heating method, TiO2 powder 
appears aggregated and having elliptical shape and range of the particle size is between 9-16 nm, 
while when using microwave irradiation, the powder appears as a clear and having octahedral 
structure and the particle size is ranged between 8-11 (Fig. 2b). However, it has been noticed that the 
particle size of prepared TiO2 by using microwave irradiation as a heating source is smaller than the 
commercial one (range of the particle size is between 9-18) (Fig. 2c) as well as the synthesized one by 
traditional heating. This may be attributed to microwave irradiation. The predominance of microwave 
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heating could emerge from that, the materials can absorb microwave energy specifically and inside 
and change over it into heat. This prompts points of interest, for example, quick, controlled, specific, 
and uniform heating in a short time. 
 

 
 

Fig. 2. Transmission electron microscopy (TEM) image of (a) commercial, (b) conventional, (c) 
Microwave irradiation TiO2 nano particles 

 

3.2 Treatment of Cotton Fabric with Chitosan 
 
To optimize the chitosan concentration in the treatment conditions, cotton fabric was pretreated at 
different concentrations of chitosan (0.5-2% W.O.F.) for 60 min. at 60°C using thermal heating. The 
pretreated samples were then dyed by Acid dye 1, and Acid dye 2 using the conventional thermal 
dyeing method as described in the experimental section. The results are presented in Table 1. 
 
The results clearly demonstrate that chitosan treatment enhances the color strength of both selective 
acid dyestuffs. As chitosan concentration increased, the average in color strength increased until 
1.5%, irrespective of the type of dye. On the other hand, there is no significant increase in color 
strength when using higher chitosan concentration.  
 

Table 1. Effect of chitosan concentration on the color strength of the dyed cotton fabrics 
 

K /S λ Dye 
2% 1.50% 1% 0.5% 
1.56 1.63 1.63 1.24 540 nm acid dye1 
3.71 4.1 3.94 3.24 380 nm acid dye2 

Dyeing condition: 2% shade, pH: 3.5, L.R.1:40, at 100°C for 60 min 

2c 

2a 2b 
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3.3 Treatment of Cotton Fabric by TiO2 Nano Particles. 
 
To determine the effect of treatment of cotton fabric by TiO2 NPs on K/S values, cotton samples are 
pretreated before and after dyeing processes (2% shade, pH:3.5, L.R.1:40, at 100°C for 60min.) by 
different concentration of TiO2 NPs (0.5-2% WOF) (Prepared by using microwave irradiation, 
conventional method as well as the commercial one). The samples were dyed by tow selective acid 
dyes, using the exhaustion dyeing method. The results are given in Figs. 3,4. From figures, It is clear 
that: 
 

1) The K/S of dyed cotton increase by increasing TiO2 concentration,  
2) The high K/S value was obtained at 1.5% of TiO2 when the fabric was treated before dyeing 

while the high value was obtained at 1% when fabric treated after dyeing, then there is no 
affected for increase TiO2 treatment concentration 

3) TiO2 which prepared by using microwave irradiation processing can heat up in a very short 
time, and then achieve the effect of higher K/S value if compared to prepared by conventional 
heating. 

4) The acid dye 1 give a high value of K/S in all cases than the acid dye 2. Accordingly, further 
studies of the pretreatment conditions were carried out at 1.5% for prepared TiO2 NPs in 
microwave irradiation and 1% when using conventional methods. While when using 
commercial the highest K/S value was obtained at 2% concentration, Fig. 5. and then achieve 
the effect of higher K/S value if compared to prepared by conventional heating.  

 

 
 

Fig. 3. Effect of TiO2 concentration synthesis by using microwave irradiation on color strength 
of treated before and after dyeing of cotton fabric 

 

3.4 Fastness Properties of NPs-treated Cotton Fabrics 
 
The durability of colors on the treated before and after dyeing of cotton fabrics by TiO2 NPs prepared 
by using microwave and conventional heating method as well as the commercial one was evaluated in 
term of fastness towards rubbing, washing, perspiration and to light fastness using the grayscale as 
shown in Table 2. As shown in Table 2, the fastness properties of treated cotton fabrics before dyeing 
are more resistant against rubbing, washing, and perspiration than those treated after dyeing, 
irrespective of mode and type of dye. Besides, the pretreated of cotton fabric by TiO2 NPs which 
prepared by using microwave heating displayed higher colorfastness than those pretreated with the 
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same TiO2 NPs prepared by thermal heating. It has also appeared that the fastness of pretreated 
cotton dyed samples with TiO2 NPs by using microwave ranged from 4 to 5, while the prepared by 
conventional one ranged from 3 to 5.  

 

 
 

Fig. 4. Effect of TiO2 concentration synthesis by using traditional heating on color strength of 
treated before and after dyeing of cotton fabric 

 

 
 

Fig. 5. Effect of commercial TiO2 concentration on color strength of treated before and after 
dyeing of cotton fabric 

 

The high color resistance of pretreated dyed samples by TiO2 NPs prepared by microwave may be 
attributed to the increase of dye penetration and its interaction with fibers, where the fixation rate of the 
colors is accelerated, We can also notice that the light fastness is ranged from good to excellent in all 
cases. 
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Table 2. Fastness properties of the untreated andTiO2NPs-treated dyed cotton fabrics 
 

Prepared TiO2 Washing 
fastness 

Rubbing 
fastness 

Perspiration fastness Light 
fastness Acidic Alkaline 

Alt Stain Dry Wet Alt Stain Alt Stain 

BD (M) Acid dye 1 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 6-7 
AD (M) Acid dye 1 4-5 4 4-5 4-5 4-5 4 3-4 4 6-7 

BD (T) Acid dye 1 3 3 4 3-4 3 3 2-3 2-3 5 

AD (T) Acid dye 1 2-3 2-3 3 3 2-3 2-3 2 2 5 

BD (C)  Violet 4 4-5 4 4 4 4 4 4 6 

AD (C) Acid dye 1 4 4 4 4 2-3 2-3 2-3 2-3 5-6 

BD (M) Acid dye 2 4 4-5 4-5 4-5 4 4 4 4 6-7 

AD (M) Acid dye 2 4 4 4-5 4-5 4 4 4 4 6 

BD (T)  Acid dye 2 2-3 2-3 3 3 2-3 2-3 2-3 2-3 5 

AD (T) Acid dye 2 2 2 2-3 2-3 2 2 2 2 4-5 

BD (C)  Acid dye 2 4 4 4 4-5 4 4 3 3 6 

AD (C) Acid dye 2 4 4 4 4 3-4 3-4 2-3 3 5-6 
M = TiO2 prepare by microwave, T = TiO2 prepare by conventional method, C= TiO2 commercial, BD= Before 

Dyeing, AD= After Dyeing;  
Treatment condition: Dyeing condition: 2% shade, pH: 3.5, L.R.1:40, at 100°C for 60 min 

 

3.5 Antibacterial Activity of NPs-treated Cotton Fabrics 
 
The important characteristic of the material that is purposed for biomedical applications is the 
antibacterial property. TiO2 atom and TiO2 NPs are highly toxic to the microorganisms and they show 
strong antibacterial effects on the gram-positive and gram-negative bacteria. (E.coli) bacteria 
responsible for urinary tract and wound contaminations is a well-known test organism. (S. aureus) 
bacteria are harmful bacteria responsible for a lot of infections like toxic shock, fibrin coagulation, and 
endocarditic. Bacterial effects of unmodified and the NPs-modified cotton against both E. coli and S. 
aureus microorganisms were computed, Table 3. The photocatalytic effect of TiO2 NPs, i.e. nano-
metal oxides, is the basic reason for its antibacterial effect by the production of numbers of active 
oxygen species, e.g. superoxide anions, hydrogen peroxide, singlet oxygen, hydroxyl radicals that 
responsible for destroying of the bacterial cell. The treated cotton fabric by TiO2 NPs exhibit an 
antibacterial effect on G+ve bacteria greater than on G −ve bacteria due to the existence of the 
external cell wall membrane in the G−ve bacteria thereby making as a bloke to the antibacterial effect.  
 
In most cases, we noticed that the antibacterial activity of pre-treated fabric with TiO2 NPs (before and 
after dyeing) that prepared by using microwave heating was greater than the prepared one by using 
traditional heating. Also, in most cases, the antibacterial activity of treated fabric against gram-positive 
bacteria was greater than the activity against gram-negative in both prepared TiO2NPs. As shown in 
Table 3 antibacterial activity of undyed fabric shows higher antibacterial efficacy compared to dyed 
fabric. 
 

3.6 Self-Cleaning of TiO2 Nano Particles-Treated Cotton Fabrics 
 
One of the susceptibilities of TiO2 nanoparticles treated fibers is converting the absorbed light into the 
self-cleaning materials to decompose its stain. Table 4 shows the effect of C I RO 14 on untreated and 
TiO2NPs treated cotton fabric after 24 h UV- illumination. 
 
A partial change of the color affected by UV-light was observed for TiO2 NPs striated cotton fabric. The 
treatment of cotton led to the development of thin-layer TiO2 NPs that increases its hydrophilic 
properties. The high decay effect of TiO2NPs has appeared on the treated cotton fabric. 
 
The two types of surfaces that result from treating of cotton with TiO2 NPs may explain its self-cleaning 
ability. Both hydrophilic and hydrophobic surfaces can remove the color from the cotton based on 
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different mechanisms. The idea of producing hydrophobic surfaces has been developed based on 
Lotus effect 

30
 (Stamate and Lazar, 2007). A hydrophobic surface stop the adsorption of dirt, preserves 

the surface of cotton clean in all the time. On the other hand, on hydrophilic surfaces water droplets 
are dispersion and subsequently a flood of water existing on the surface of cotton expels the pollutants 
[54]. 
 

Table 3. Antibacterial activity of TiO2 NPs-treated cotton fabrics 
 

Sample Inhibition zone diameter (mm/ 1 cm Sample) 

Staphylococcus aurous (G
+
) Escherichia coli (G

-
) 

Comm.  (control ) 15 16 

Microwave (control ) 12 12 

Traditional (control ) 12 14 

Before dyeing comm. acid (I) 16 17 

Before dyeing comm. acid (2) 20 22 

Before dyeing (T) acid (I) 26 26 

Before dyeing (T) acid (2) 25 27 

Before dyeing (m) acid (I) 22 21 

Before dyeing (m) acid (2) 20 21 

After dyeing comm. acid (I) 26 28 

After dyeing comm. acid (2) 24 27 

After dyeing (T) acid (I) 24 24 

After dyeing (T) acid (2) 14 14 

After dyeing (m) acid (I) 0.0 12 

After dyeing (m) acid (2) 13 13 
Dyeing condition: 2% shade, pH: 3.5, L.R.1:40, at 100° 

 
Table 4. Self-cleaning % of cotton fabrics treated with different prepared TiO2 NPs 

 

Cotton samples treated Dye removal % 

Blank - 

Commercial TiO2 treated cotton 85% 

CH prepared TiO2 treated cotton 80% 

MV prepared TiO2 treated cotton 80% 
 

4. CONCLUSION 
 
The multi-functionalization (coloration, antibacterial and photo catalytic properties) of TiO2 NPs was 
successfully prepared by assisted microwave heating as a time, water and energy saving system.  The 
result observed that the important two steps (dry and calcination step) was done at 8 min for dry as 
well as 8 min for calcination at 90 watts, instead of 4 hrs at 400⁰C for drying and 2 hrs. at 600⁰C for 
calcination. The transmission electron microscopy (TEM) proves the formation of TiO2 in nanometer 
range. The effect of prepared TiO2 NPs by using microwave irradiation as well as conventional heating 
on dyeing of cotton fabric with acid dye was studied as well as the commercial one. According to 
colorimetric data, the effects of TiO2 NPs on the multifunctional properties of the cotton fibers 
coloration imparted bright colors with various shades. The treatment of cotton fabric by prepared TiO2 
NPs provides excellent antibacterial activity against Escherichia coli (G-), and Staphylococcus aurous 
(G+) antibacterial and anti UV. Treatment of cotton fibers by prepared TiO2 NPs exhibited excellent 
color fastness to washing, rubbing and light fastness. It is worthy to say that it exhibited poor color 
fastness to respiration fastness. 
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ABSTRACT 
 

CuII complexes of (E)-2-(2-benzylidenehydrazinyl)-4-phenylthiazole, L1, (E)-2-(2-(4 
chlorobenzylidene)hydrazinyl)-4-phenylthiazole, L2, and(E)-2-(2-(4- methoxybenzylidene)hydrazinyl)-
4-phenylthiazole L3 ligands were prepared and characterized by spectroscopic methods. The EPR 
spectroscopy indicates the formation of two complexation products for L2 and L3, but of one major 
product for L1. The spectrum of CuL1 shows hyperfine parameters A║ = 122(±1) G and g|| = 
2.40(±0.01); A┴ = 13(±2) G and g┴ = 2.08(±0.02). The spectra of both CuL2 and CuL3 show two 
different species, the most prominent one with the same hyperfine parameters measured for CuL1, 
and the second one with hyperfine parameters A║ = 109(±2) G and g|| = 2.36(±0.02); A┴  = 10(±2) G 
and g┴ = 2.06(±0.02). The EPR spectra of both species are typical of tetragonal-distorted 
environments around the Cu

II
 center. Semi-empirical calculations at the PM6 level of the ligands 

indicate the possibility of different conformers under the reactional conditions, suggesting that the 
different species measured in the EPR spectra should be cis/trans isomers. Semi-empirical 
calculations at the PM3 level of the complexes suggest that the reaction products should actually be a  
mixture  of (preferentially) trans  and cis N1-S structures. These results are corroborated by the FAR-
IR and EPR spectra. 
 
Keywords: Thiazole; Cu

II
 complexes; EPR; conformational analysis. 

 
1. INTRODUCTION 
  
Thiazole compounds are a large class of biological active molecules, presenting antibacterial and anti-
inflammatory [1,2], anti-depressive [3], anti-tumor [4], anti-tuberculosis [5], anti-parasite [6] and anti-
microbial [7] activities. Thiazoles are widely employed as intermediates in the fabrication of synthetic 
drugs, fungicides and dyes, and occur naturally as in vitamin B1 (tiamine). It is also the active 
principle of the Ritanovir (Novir®), used in the treatment of HIV, as well as anti-neoplasia drugs 
bleomicine and thiazofurine [8-9]. Some studies are promising in using (2-benzylidenehydrazinyl)-4-
phenylthiazoles against Chagas disease as inhibitors of the biosynthesis of estherols of the cruzain 
enzyme [10]. The synthesis of (2-benzylidenehydrazinyl)-4-phenylthiazoles, as well as experimental 
and theoretical studies of this class of molecules are documented in the literature [11-13]. It has been 
also reported studies on the synthesis and applications of metal complexes bearing thiazole ligands, 
but there are scarce crystalline structures described, and the structures have been elucidated through 
spectroscopic analysis [14-21]. For instance, Sobiesiak et al. reported the crystalline structures of  
phenylthiazoles  metal  complexes  that  presented  cytotoxic  activity  against leukemia and 
melanoma cells [18]. Herein, we present an experimental and theoretical (semi-empirical) 
investigation on the Cu

II
 complexes bearing (2-benzylidenehydrazinyl)-4- phenylthiazole ligands, 

aiming to contribute to the understanding about the structures of such complexes, as well as the 
scarcity of crystalline structures.  
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2. METHODOLOGY 
 

2.1 Synthesis of the (2-benzylidenehydrazinyl)-4-phenylthiazoles 
 
The (E)-2-(2-benzylidenehydrazinyl)-4-phenylthiazole (L1), (E)-2-(2-(4- chlorobenzylidene)hydrazinyl)-
4-phenylthiazole (L2), and (E)-2-(2-(4- methoxybenzylidene)hydrazinyl)-4-phenylthiazole(L3) 
molecules were prepared in two steps as described below and according to Scheme 1 [21]. 
 

 
 

Sheme 1. Synthetic route to the phenylthiazoles L1-L3 
 

All reagents and solvents were purchased from Vetec-Sigma-Aldrich, Brazil. In a round- bottom flask 
were added 200 mg of aldehyde 1-3 (1 equiv.), 1.2 equiv. of thiosemicarbazide 4, 10 mL of ethanol 
and 2 drops of acetic acid. The solution was stirred under heating for about 20 h, cooled in ice bath to 
precipitate the thiosemicarbazone 5-7, which was further washed twice with cold ethanol and with cold 
water and dried (89-98% of yield). In the second step, the respective thiose micarbazone 5-7 (200 
mg) was dissolved in methanol at 60ºC, then an equimolar amount of 2-bromo-1-phenylethanone 8 
was added dropwise. The solution was stirred under heating for about 10h. After that, the solvent was  
partially removed affording a precipitate that was filtered, washed with cold ethanol and dried. The L1 
And L2 compounds were recrystallized from methanol, and the L3 compound was recrystallized from 
acetonitrile with ~80% yield. They were characterized by 1H NMR, FTIR, electronic spectroscopy and 
melting points ((±1°C) L1= 222°C; L2=226°C; L3=219°C), and agree with the literature [21].  Spectra 
are  available  upon request to the corresponding author. 
 

2.2. Synthesis of the CuII phenylthiazole Complexes 
 

In a round-bottom flask it were dissolved 0.20 mmol of the respective phenylthiazole L1-L3 in 5 mL of 
ethanol at 70°C. To those solutions it was slowly added 2 mL of an ethanol solution  of  0.11  mmol  
CuCl2.2H2O,  affording  dark  green  precipitates  and  a  brownish supernatant. The mixture was kept 
under stirring for about 4h, cooled to room temperature under stirring and centrifuged. The 
supernatants tested negative for free chloride. The solids were sequentially washed with ethanol and 
hot ethanol three times and dried. They were characterized by FTIR, electronic spectroscopy and 
EPR. Attempts to determine the melting points of the complexes resulted in decomposition above 
~155ºC. FTIR and electronic absorption spectra are available upon request to the corresponding 
author. 

 

2.3 Equipment 
 

The FTIR spectra were acquired in the solid state, in a Bruker Vertex 70 spectrometer equipped with 
an diamond ATR cell; the electronic absorption spectra were measured in quartz cuvettes, in DMF 
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solutions, in a Shimadzu UV-1800 spectrophotometer; the 1H NMR spectra of the ligands were 
obtained in DMSO-d

6
 solutions in a Bruker Avance III spectrometer, with a 11.4 T field at the Larmor 

frequency of 500 MHz for the H nucleus, using TMS as internal standard; the EPR spectra were 
measured in frozen solutions of DMF at 77K in a Bruker EMX-500 (Laboratório de EPR, UFPR, 
Brazil), operating in X-Band, using modulation amplitude of 5.0G, gain 4.5x10

3
  and modulation 

frequency of 100kHz. It was measured five scans for each sample. The computational calculations 
were done at the semi empirical PM6 level for the phenylthiazoles or at the PM3 level for the Cu

II
 

complexes, using the Spartan 14 package. 
 
3. RESULTS AND DISCUSSION 
 

3.1 Spectroscopic Investigation 
 
The electronic UV-vis absorption spectra of the CuII  complexes CuL1, CuL2 and CuL3 present new 
bands in the visible region, as well as the typical intraligand * transitions ( ~104) at the 300-350 
nm UV region. The visible absorption bands between 500 and 800 nm were assigned to ligand-field d-
d transitions ( ~10

3
). After deconvolution it was possible to assign two maxima at 575 and 670 nm to 

the d-d transitions of CuL1 and CuL2, and at 568 and 661 to the d-d transitions of CuL3. Taking into 
account the d

9
 electronic configuration for the Cu

II
 center, the transitions were attributed to 

2
B1g → 

2
B2g 

and 2B1g → 2Eg, that is, the CuII center is in a tetragonal distorted environment of ligands [17-19]. The 
EPR spectrum of CuL1 shows one major species, with hyperfine parameters A║ = 122(±1) G and g||  = 
2.40(±0.01); A┴  = 13(±2) G and g┴  = 2.08(±0.02).The g-values greater than 2 are characteristic of 
CuII systems with an unpaired electron in the atomic-like dx2-y2 orbital, and the ge < g┴ < g║ values 
mean axial symmetry [22], Fig. 1a. 
 

 
 

Fig. 1. (1a) Frozen DMF solution EPR spectra measured at 77K for the CuII complexes. 
(1b) Expanded parallel part and indication of the two species. (1c) Filtered and magnified 

fourth parallel line of CuL1 spectrum showing the pattern of superhyperfine  lines due to the 
coupling of the Cu

II
 electron spin to the 

14
N nuclear spin (I = 1) 

 
On the other hand, the spectra of both CuL2 and CuL3 show two different species, the most 
prominent one with the same hyperfine parameters measured for CuL1, and the second one with 
hyperfine parameters A║  = 109(±2)  G and g||  = 2.36(±0.02); A┴  = 10(±2) G and g┴  =2.06(±0.02), 
Fig. 1b.  Such relatively low  values  of  A║  hyperfine parameters for  both species are indicative of a 
strong covalent interaction with the ligands, that is, the electron spin density is strongly delocalized 
onto the ligand-centered molecular orbitals. This is also shown in Fig. 1c, where the filtered magnified 
fourth parallel line of the EPR spectrum of CuL1  presents  five  superhyperfine  lines  (a14N  =  7  G),  
indicating  that  two  magnetically equivalent nitrogen nuclei are bonded to the CuII center. It should be 
noted that the pattern consists of overlapping groups of lines which cannot be completely resolved, 
presumably due to the coupling to the two CuII isotopes. The spectra of the CuL2 and CuL3 
compounds consists of two species, which prevent such observation. Finally, in the EPR spectra of 
the three Cu

II
  samples it was also observed a weak line at giso=2.0036(±0.0001), typical of organic-

centered radicals. This signal was not further investigated. 
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The mid-FTIR spectra of the complexes presented shifts of the azomethyne bands, from 1617 and 
1595 cm

-1
, 1623 and 1600 cm

-1
 and 1621 and 1600 cm

-1
 respectively for L1, L2 and L3, to 1600 and 

1558 cm
-1

, 1595 and 1572 cm
-1

 and 1603 and 1570 cm
-1

 for CuL1, CuL2 and CuL3, indicating 
coordination of the nitrogen atom of the C=N group [14-18]. The far-FTIR spectra of the complexes 
presented bands that corroborate the complexation through the nitrogen atom, at 509 cm

-1
 for the 

CuL1, and at 511 and 482 cm-1 for CuL2 ,and at 509 and 528 cm-1  for CuL3. In the Cu-S region it was 
observed a broad band with two maxima at 260 and 275 cm

-1
, and in the Cu-Cl region the spectra 

presented a band at 240 cm
-1

. It is interesting to note that the spectrum of CuL1 shows one unique 
band in the region of Cu-N, suggesting that only the trans N1-S isomer was formed. On the other 
hand, the spectra of CuL2 and CuL3 present two bands in the Cu-N region, suggesting that both trans 
N1-S and cis N1-S isomers are formed. In order to address this question, we have performed a 
theoretical investigation on the possible isomers [15-20]. 
 

3.2 Theoretical Investigation 
 
Based on the EPR, UV-Vis and FTIR spectra of the Cu

II
 complexes, and also on the chemical 

evidence that indicated the absence of chloride ions in the reaction medium, a theoretical 
investigation on the possible structural isomers was carried out. Both the EPR and UV-Vis spectra 
indicate that the Cu

II
 complexes have tetragonal distorted geometries, and the FTIR indicate that the 

CuII centers are bonded to N, S and Cl atoms, so the search for the most stable isomers was 
restricted to octahedral geometries in which the chloro ligands are trans to each other. First, the 
different possible conformers of L1, L2 and L3 ligands were estimated, since the single bond present 
in the ligands allow them to bonding to the Cu

II
 center by the N1 of the C=N moiety and either through 

the N3 or by the S atom of the thiazole ring, as shown in Scheme 2. 
 

 
 

 
 

Scheme 2. The conformers of ligands L1, L2 and L3 
 
The energies of the conformers (N1-N3, N1-S), as a function of the rotation angle, calculated at the 
PM6 level, are shown in Table 1 for L1-L3. 
 

Table 1. Rotation angle [*] and conformer energy for phenylthiazoles L1-L3 
 

 Energy of the conformers (kJ/mol) 
180° 100º 0 -100º -180º 

Compounds      
L1 533,82 543,16 512,11 544,23 533,89 
L2 491,15 500,04 470,14 500,80 491,25 
L3 344,79 354,73 323,11 355,31 344,92 

[*] 0° correspond to the N1-S, and 180º correspond to the N1-N3 conformers. The dihedral angle is formed by the 
N1-N2-C-N3 atoms, as shown in Scheme 2, ranging from 180° to -180° 

 
As shown in Table 1, the lower-energy conformer for L1-L3 is the N1-S one, suggesting that upon 
complexation the phenylthiazoles adopt preferentially this conformation. However, the energy barrier 
to the N1-N3 conformers is relatively low for the three phenylthiazoles, 21 kJ/mol.  Such  a  low  
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barrier  may  lead,  even  under  mild  reactional  conditions,  to  the simultaneous occurrence of the 
two most stable conformers. Fig. 2 shows the graphical correlation between torsion angle and 
conformer energy (exemplified for L1, as neither the profile nor the energy barrier was affected by the 
substituent in L2 or L3). 
 

 
  

Fig. 2. Correlation profile between torsion angle and conformer energy for L1 
 
Concerning the preferential N1-S conformation, it should be noted that, to the best of our knowledge  
there  are  crystalline  structures  of  only  three  (2-benzylidenehydrazinyl)-4- phenylthiazoles, namely 
L2 [23], and the compounds reported by [24] and [9], and they present  the  N1-S  conformation  in  
the  solid  state.  This preferred N1-S conformation is probably due to a 1,4-N∙S σ-hole intramolecular 
interaction as related for similar systems [25]. 
 
If the two conformers presented in Scheme 2 are considered, there will be three pairs of possible  
isomers  for  each  complex,  namely  N1N3/N1N3  (cis)  and  N1N3/N3N1  (trans), N1N3/N1S (cis 
N1) and N1N3/SN1 (trans N1), and N1S/N1S (cis) and N1S/SN1 (trans), as illustrated in Fig. 3. 
 
Table 2 presents the relative energy values of the proposed structural isomers of complexes 
Cu(L1)2(Cl)2, Cu(L2)2(Cl)2, Cu(L3)2(Cl)2. The energy values indicate that the trans isomers are more 
stable than the cis isomers, possibly due to the larger distance between the aromatic moieties in the 
trans structures, as shown in Fig. 3. 
 
Considering  the  three  different  possibilities  of  bonding,  the  structures  in  which  the 
phenylthiazole ligands are bonded either by N1 and S atoms have lower energies than their 
counterparts, as the aromatic groups are far apart in those structures. These data suggest that the 
reaction products should actually be a mixture of (preferentially) trans and cis N1-S structures. It 
should be also noted that the energy difference between the cis and trans N1-S isomers of CuL1 
(23.5 kJ/mol), CuL2 (63.3kJ/mol) and CuL3 (52.1 kJ/mol) is not large. 
 
Nevertheless, the discrepancies in the theoretical energy values between the CuL1 isomers and the 
CuL2 and CuL3 isomers should be attributed to the intrinsic limitations of the parametrized semi  
empirical  methods.  For  instance,  at  the  computational  level  of  the calculations discussed here, 
the much higher energy values of the cis isomers of CuL2 and CuL3 in comparison with the CuL1 cis 
isomer should be due to the size of substituent groups in L2 and L3, which are absent in L1. Also, the 
calculations are made for the isolated systems (as if they were in vacuo), and do not consider the 
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interactions of the solute with the solvent molecules, which are certainly important in the formation of 
a given isomer. 
 

 
 

Fig. 3. The possible structural isomers of the CuII phenylthiazole complexes. Color code: Cl 
green; S yellow; N blue; C gray and H white 

 
Table 2. Relative energies of the structural isomers of the CuII complexes at the PM3 level 

 
Complex  cis (kJ/mol)   trans (kJ/mol)  

N1-N3/N1-N3   N1-N3/N1-S N1-S/N1-S N1-N3/N3-N1   N1-N3/S-N1   N1-S/S-N1 
Cu(L1)2(Cl)2 1123.26 466.00 67.91 368.81 417.00 44.45 
Cu(L2)2(Cl)2 1193.75 580.37 114.66 406.02 478.63 51.29 
Cu(L3)2(Cl)2 1145.57 508.71 110.13 410.58 461.32 58.03 

 

4. CONCLUSION 
 
Cu

II
 complexes of three (2-benzylidenehydrazinyl)-4-phenylthiazole ligands were prepared and 

characterized by spectroscopic methods. EPR spectroscopy indicate the formation of two 
complexation products for L2, and L3, but of one major product for L1. The spectrum of CuL1 shows 
hyperfine parameters A║ = 122(±1) G and g|| = 2.40(±0.01); A┴ = 13(±2) G and g┴ = 2.08(±0.02). The 
spectra of both CuL2 and CuL3 show two different species, the most prominent one with the same 
hyperfine parameters measured for CuL1, and the second one with hyperfine parameters A║  = 
109(±2) G and g||  = 2.36(±0.02); A┴  = 10(±2) G and g┴  =2.06(±0.02). Such relatively low values of 
A║ hyperfine parameters for both species are indicative of a strong covalent interaction with the 
ligands, that is, the electron spin density is strongly delocalized onto the ligand-centered molecular 
orbitals. Semi-empirical calculations at the PM6 level of the ligands indicate the possibility of different 
conformers under the reactional conditions, suggesting that the different Cu

II
 complexes measured in 

the EPR spectra should be cis/trans isomers. Indeed, semi-empirical calculations at the PM3 level of 
the possible structures for the complexes suggest that the reaction products should actually be a 
mixture of (preferentially) trans and cis N1-S structures. This is corroborated by the EPR spectra of 
both species, typical of tetragonal-distorted environments around the Cu

II
 center, and by the 

superhyperfine lines observed in the EPR spectra of CuL1, that point to the formation of the trans 
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isomer, which is therefore the major product on CuL2 and CuL3. FAR-IR also shows that the trans 
isomers are preferentially formed. 
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ABSTRACT 
 
The compounds bearing sulfamoyl and acetamoyl groups have been found to show various biological 
activities. In the present research work, a series of O- and N-substituted derivatives were synthesized, 
starting with planetol (1). First N-methyl-4-hydroxyanilinium sulfate (1; planetol or metol) was treated 
with different aryl sulfonyl chlorides (2a-j) using aq. sodium carbonate solution as reaction medium to 
yield N-substituted derivatives, 3a-j. The electrophile, N-(2,3-dihydro-1,4-benzodioxin-6-yl)-2-
bromoacetamide (5) was prepared by the reaction of 2,3-dihydro-1,4-benzodioxin-6-amine (4) and 2-
bromoacetylbromide in a weak basic aqueous medium. The target O-substituted molecules, 6a-j, 
were synthesized by gearing up the electrophile, 5, with the molecules, 3a-j, in a polar aprotic solvent 
using LiH as activator. The proposed structures of all the synthesized molecules were corroborated by 
IR, 1H-NMR and EIMS spectral data. The in vitro enzyme inhibition and antibacterial studies rendered 
the synthesized molecules as better cholinesterase inhibitors and moderately better antibacterial 
agents. To explore the binding modes of the synthesized compounds, all of them were 
computationally docked against the active sites of acetyl cholinesterase (AChE), butyryl 
cholinesterase (BChE) and lipoxygenase (LOX). The compounds showed significant interactions and 
good correlation with the experimental data. 
 
Keywords: 2,3-Dihydro-1,4-benzodioxin-6-amine; antibacterial activity; enzyme inhibition; planetol.  
 

1. INTRODUCTION 
 
Sulfonamide was first identified as the red azo dye known as prontosil rubrum in 1935 by Domagk and 
his colleagues. Prontosil does not demonstrate any activity in vitro; however on hydrolysis in vivo it 
gives the active metabolite sulfanilamide. It can interrupt the synthesis of bacterial DNA and act as 
potent antimicrobial agent [1]. Sulfonamides show various pharmacological activities such as 
antidiabetic [2] antitumor activity by inhibition of numerous enzymes like carbonic anhydrase (CA) 
creatine phosphate enzyme (CP) and cyclooxygenase [3]. Additionally they have potential therapeutic 
applications in cancer chemotherapy, diuretics, hypoglycemia [4] and inhibit HIV reverse transcriptase 
[5]. Due to the structural similarity of sulfonamides to p-aminobenzoiacacid (PABA) (that is needed by 
bacteria for the synthesis of folic acid and its growth) they inhibit the conversion of PABA into folic 
acid by competing it in binding to the active site of dihydropteroate synthase (DHPS) enzyme. DHPS 
is involved in the folate synthesis with pABA to give the folate intermediate 7,8- dihydropteroate 
(DHF). Subsequently, DHF is transformed to tetrahydrofolic acid (THF) through the action of the 
dihydrofolatereductase (DHFR) enzyme. Inhibiting the action of either DHPS or DHFR enzymes would 
ultimately block the synthesis of purine and DNA [6]. 
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Compounds containing 1,4-benzodioxane moiety exhibited important pharmacological activities like 
antihepatotoxic [7], α-adrenergic blocking agent [8], anti-inflammatory and D2 antagonist/5-HT1A 
partial agonistic activity [9]. 1,4-Benzodioxan-2-carboxylic acid has been used for the preparation of 
doxazosinmesylate which is an alphablocker used to treat high blood pressure and benign 
prostatichyperplasia. Doxazosinmesylate has been developed as an oral solid dosage form for benign 
prostatic hyperplasia (BPH) and antihypertensive activity [10]. The compounds containing dioxane 
rings are of interest for the introduction of a variety of substituents into common skeleton, novel 
transformations, and can provide new and generalroutes to a variety of organic molecules. 
 
Cholinesterase (ChE) represents important class of enzymes which are responsible for catalyzing the 
hydrolysis of acetyl choline (ACh) into choline and acetic acid. Hydrolysis of ACh is an essential 
process for the establishment of the neurotransmission. Acetylcholinesterase (AChE) and 
butyrylcholinesterase (BChE) are two types of cholinesterase [11]. AChE and BChE share 65% amino 
acid sequence homology and have similar molecular forms and active sites despite being products of 
different genes on the human chromosomes [12]. AChE is known to be abundant in the muscle, brain, 
and erythrocyte membrane, whereas BChE hasa higher activity in liver, intestine, heart, kidney, and 
lung [13]. The symptomatic Alzheimer’s disease (AD) treatment involves the use of cholinesterase 
inhibitors (ChEIs) such as Rivastigimine.ChEIs are the first-line drugs in the symptomatic treatment of 
AD, as by inhibiting cholinesterase they lead to an increased synaptic level of the neurotransmitter 
[14]. 
 
Lipoxygenase (LOX) are key enzymes in the biosynthesis of variety of bioregulatory compounds such 
as hydroxyeicosatetraenoic acids, leukotrienes, lipoxins and hepoxylines [15]. It has been found that 
these lipoxygenase products play a role in a variety of disorders such as bronchial asthma, 
inflammation [16]  and tumor angiogenesis(the formation of new capillary vessels from pre-existing 
ones) [17]. LOXs are therefore potential target for the rational drug design and discovery based on the 
inhibition mechanism of inhibitors for the treatment of bronchial asthma, inflammation, cancer and 
autoimmune diseases. 
 
The synthesis of various sulfonamides and acetamides, to inaugurate new less toxic and more 
efficient molecules, prompted us to take into account the synthesis of such molecules bearing both 
the moieties. The present work is the protraction of our successful efforts for the synthesis of potent 
bioactive sulfonamides, acetamides and heterocyclic compounds [18-21]. The series of synthesized 
molecules were found to be potentially more active against cholinesterase enzymes, moderate 
against Gram-bacterial strains and less against lipoxygenase enzyme.  
 

2. EXPERIMENTAL 
 
2.1 General  
 
Melting points of the synthesized compounds were recorded on open capillary tube Griffin and 
George melting point apparatus and were uncorrected. Purity was checked out by thin layer 
chromatography (TLC) on pre-coated silica gel G-25-UV254 plates with different polarity solvent 
systems using ethyl acetate and n-hexane giving single spot. Identification of spots was carried out at 
254 nm UV lamp, and by ceric sulphate reagent on heating. The IR spectra were recorded in KBr 
pellet method on a Jasco-320-A spectrophotometer with wave number in cm

-1
. Nuclear magnetic 

resonance spectra were recorded in CD3OD on a Bruker spectrometers operating at 300 MHz. 
Chemical shifts are given in ppm taking TMS as internal reference standard and coupling constant (J) 
in Hz. The abbreviations used in 

1
H-NMR were s = singlet, d = doublet and dd = doublet of doublet.

 

Mass spectra (EIMS) were recorded on a JMS-HX-110 spectrometer, with a data system. All the 
spectra were taken at 25°C (r. temp.). All the chemicals taken into account were purchased from Alfa 
Aesar, Sigma Aldrick and Merck through local suppliers. The solvents used in the discussed project 
were of analytical grade.  
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2.2 General Procedure for the Synthesis of N-substituted Derivatives of Planetol (3a-j)   
 
N-methyl-4-hydroxyanilinium sulfate (1; 10.0 mmol) was dissolved in 25 mL distilled water in a 100 mL 
round bottom (RB) flask and basified to pH of 8-10 by 10% aqueous Na2CO3 solution. The aryl 
sulfonyl chlorides (2a-j; 10.0 mmol) were added to the reaction medium gradually in 5-10 minutes. 
The reaction mixture was stirred for 4-5 hours along with monitoring by TLC till the single spot. At the 
end of reaction, dil. HCl (2.0 mL) was added slowly along with vigorous hand shaking to adjust the pH 
to 3-5. The precipitates were generated after a stay of 5-10 min which were filtered, washed with 
distilled water and dried to afford the title solid compounds, 3a-j in good yields. Recrystallization was 
progressed in methanol.  
 

2.3 N-(4-hydroxyphenyl)-N-methylbenzenesulfonamide (3a)   
 
Light brown amorphous solid; Yield: 92%; M.P.: 106°C; Molecular formula: C13H13NO3S; Molecular 
weight: 263 gmol

-1
; HR-MS: [M]

+
 263.3132 (Calcd. for C13H13NO3S; 263.3361); IR (KBr, cm

-1
) vmax: 

3365 (O-H stretching), 3061 (C-H stretching of aromatic ring), 2923 (-CH2- stretching), 1623 (C=C 
stretching of aromatic ring), 1376 (-SO2 stretching), 1154 (C-O-C stretching of ether); 1H-NMR 
(CD3OD, 300 MHz): δ (ppm) 7.64 (brd, J = 9.0 Hz, 2H, H-2' & H-6'), 7.62-7.51 (m, 3H, H-3' to H-5'), 
6.84 (d, J = 8.7 Hz, 2H, H-2 & H-6), 6.67 (d, J = 8.7 Hz, 2H, H-3 & H-5), 3.11 (s, 3H, CH3-1''), EIMS: 
m/z 263 [M]

+
, 199 [M-SO2]

+
, 141 [C6H5SO2]

+
, 122 [C7H8NO]

+
, 93 [C6H5O]

+
, 77 [C6H5]

+
, 51 [C4H3]

+
. 

 

2.4 N-(4-hydroxyphenyl)-N,4-dimethylbenzenesulfonamide (3b)  
 
Light grey amorphous solid; Yield: 93%; M.P.: 125°C; Molecular formula: C14H15NO3S; Molecular 
weight: 277 gmol

-1
; HR-MS: [M]

+
 277.3403 (Calcd. for C14H15NO3S; 277.3610); IR (KBr, cm

-1
) vmax: 

3356 (O-H stretching), 3059 (C-H stretching of aromatic ring), 2937 (-CH2- stretching), 1604 (C=C 
stretching of aromatic ring), 1378 (-SO2 stretching), 1145 (C-O-C stretching of ether); 

1
H-NMR 

(CD3OD, 300 MHz): δ (ppm) 7.42 (d, J = 8.4 Hz, 2H, H-2' & H-6'), 7.34 (d, J = 8.1 Hz, H-3' & H-5'), 
6.84 (d, J = 8.7 Hz, 2H, H-2 & H-6), 6.67 (d, J = 8.7 Hz, 2H, H-3 & H-5), 3.01 (s, 3H, CH3-1''), 2.41 (s, 
3H, CH3-4'); EIMS: m/z 277 [M]

+
, 213 [M-SO2]

+
, 155 [CH3C6H5SO2]

+
, 122 [C7H8NO]

+
, 93 [C6H5O]

+
, 91 

[CH3C6H5]
+, 50 [C4H2]

+. 
 

2.5 4-(tert-butyl)-N-(4-hydroxyphenyl)-N-methylbenzenesulfonamide (3c)  
 
Blackish brown amorphous solid; Yield: 90%; M.P.: 76°C; Molecular formula: C17H21NO3S; Molecular 
weight: 319 gmol-1; HR-MS: [M]+ 319.4207 (Calcd. for C17H21NO3S; 319.4371); IR (KBr, cm-1) vmax: 
3355 (O-H stretching), 3066 (C-H stretching of aromatic ring), 2913 (-CH2- stretching), 1615 (C=C 
stretching of aromatic ring), 1390 (-SO2 stretching), 1167 (C-O-C stretching of ether); 1H-NMR 
(CD3OD, 300 MHz): δ (ppm) 7.58 (d, J = 8.7 Hz, 2H, H-2' & H-6'), 7.47 (d, J = 8.4 Hz, H-3' & H-5'), 
6.86 (d, J = 9.0 Hz, 2H, H-2 & H-6), 6.68 (d, J = 8.7 Hz, 2H, H-3 & H-5), 3.10 (s, 3H, CH3-1''), 1.36 (s, 
9H, (CH3)3C-4'); EIMS: m/z 319 [M]+, 255 [M-SO2]

+, 197 [(CH3)3CC6H5SO2]
+, 133 [(CH3)3CC6H5]

+, 122 
[C7H8NO]

+
, 93 [C6H5O]

+
, 50 [C4H2]

+
. 

 

2.6 N-(4-hydroxyphenyl)-N,2,4,6-tetramethylbenzenesulfonamide (3d)  
 
Black amorphous solid; Yield: 84%; M.P.: 60°C; Molecular formula: C16H19NO3S; Molecular weight: 
305 gmol-1; HR-MS: [M]+ 305.3934 (Calcd. for C16H19NO3S; 305.4106); IR (KBr, cm-1) vmax: 3364 (O-H 
stretching), 3069 (C-H stretching of aromatic ring), 2924 (-CH2- stretching), 1604 (C=C stretching of 
aromatic ring), 1395 (-SO2 stretching), 1159 (C-O-C stretching of ether); 1H-NMR (CD3OD, 300 MHz): 
δ (ppm) 6.95 (s, 2H, H-3' & H-5'), 6.92 (d, J = 8.7 Hz, 2H, H-2 & H-6), 6.65 (d, J = 9.0 Hz, 2H, H-3 & 
H-5), 3.19 (s, 3H, CH3-1''), 2.38 (s, 6H, CH3-2' & 6'), 2.27 (s, 3H, CH3-4'); EIMS: m/z 305 [M]

+
, 241 [M-

SO2]
+, 183 [(CH3)3C6H5SO2]

+, 122 [C7H8NO]+, 119 [(CH3)3C6H5]
+, 93 [C6H5O]+. 

 

2.7 4-(acetylamino)-N-(4-hydroxyphenyl)-N-methylbenzenesulfonamide (3e)  
 
Grayish  brown amorphous solid; Yield: 91%; M.P.: 152°C; Molecular formula: C15H16N2O4S; 
Molecular weight: 320 gmol-1; HR-MS: [M]+ 320.3654 (Calcd. for C15H16N2O4S; 320.3849); IR (KBr, 
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cm-1) vmax: 3369 (O-H stretching), 3073 (C-H stretching of aromatic ring), 2927 (-CH2- stretching), 
1613 (C=C stretching of aromatic ring), 1379 (-SO2 stretching), 1153 (C-O-C stretching of ether); 

1
H-

NMR (CD3OD, 300 MHz): δ (ppm) 7.72 (d, J = 8.7 Hz, 2H, H-3' & H-5'), 7.47 (d, J = 8.7 Hz, 2H, H-2' & 
H-6'), 6.86 (d, J = 8.7 Hz, 2H, H-2 & H-6), 6.68 (d, J = 9.0 Hz, 2H, H-3 & H-5), 3.10 (s, 3H, CH3CONH-
4'), 2.14 (s, 3H, CH3-1''); EIMS: m/z 320 [M]+, 256 [M-SO2]

+, 198 [CH3CONHC6H5SO2]
+, 134 

[CH3CONHC6H5]
+
, 122 [C7H8NO]

+
, 93 [C6H5O]

+
, 50 [C4H2]

+
. 

 

2.8 4-bromo-N-(4-hydroxyphenyl)-N-methylbenzenesulfonamide (3f)  
 
Dark  brown amorphous solid; Yield: 90%; M.P.: 78°C; Molecular formula: C13H12BrNO3S; Molecular 
weight: 341 gmol-1; HR-MS: [M]+ 341.2091 (Calcd. for C13H12BrNO3S; 341.2235); IR (KBr, cm-1) vmax: 
3354 (O-H stretching), 3051 (C-H stretching of aromatic ring), 2926 (-CH2- stretching), 1608 (C=C 
stretching of aromatic ring), 1372 (-SO2 stretching), 1147 (C-O-C stretching of ether); 1H-NMR 
(CD3OD, 300 MHz): δ (ppm) 7.71 (d, J = 8.7 Hz, 2H, H-2' & H-6'), 7.44 (d, J = 8.4 Hz, 2H, H-3' & H-5'), 
6.87 (d, J = 9.0 Hz, 2H, H-2 & H-6), 6.69 (d, J = 9.0 Hz, 2H, H-3 & H-5), 3.12 (s, 3H, CH3-1''); EIMS: 
m/z 343 [M+2]+, 341 [M]+, 277 [M-SO2]

+, 219 [BrC6H5SO2]
+, 155 [BrC6H5]

+, 122 [C7H8NO]+, 93 
[C6H5O]

+
, 50 [C4H2]

+
.  

 
2.9 4-chloro-N-(4-hydroxyphenyl)-N-methylbenzenesulfonamide (3g)  
 
Blackish grey amorphous solid; Yield: 94%; M.P.: 100°C; Molecular formula: C13H12ClNO3S; 
Molecular weight: 297 gmol

-1
; HR-MS: [M]

+
 297.3586 (Calcd. for C13H12ClNO3S; 297.3739); IR (KBr, 

cm-1) vmax: 3351 (O-H stretching), 3070 (C-H stretching of aromatic ring), 2931 (-CH2- stretching), 
1607 (C=C stretching of aromatic ring), 1379 (-SO2 stretching), 1178 (C-O-C stretching of ether); 

1
H-

NMR (CD3OD, 300 MHz): δ (ppm) 7.53 (d, J = 8.1 Hz, 2H, H-2' & H-6'), 7.45 (d, J = 8.1 Hz, 2H, H-3' & 
H-5'), 6.87 (d, J = 8.4 Hz, 2H, H-2 & H-6), 6.69 (d, J = 8.7 Hz, 2H, H-3 & H-5), 3.12 (s, 3H, CH3-1''); 
EIMS: m/z 299 [M+2]

+
, 297 [M]

+
, 233 [M-SO2]

+
, 175 [ClC6H5SO2]

+
, 122 [C7H8NO]

+
, 111 [ClC6H5]

+
, 93 

[C6H5O]+, 50 [C4H2]
+. 

 

2.10 2,5-dichloro-N-(4-hydroxyphenyl)-N-methylbenzenesulfonamide (3h)  
 
Blackish grey amorphous solid; Yield: 87%; M.P.: 76°C; Molecular formula: C13H11Cl2NO3S; Molecular 
weight: 331 gmol-1; HR-MS: [M]+ 331.2035 (Calcd. for C13H11Cl2NO3S; 331.2148); IR (KBr, cm-1) vmax: 
3375 (O-H stretching), 3072 (C-H stretching of aromatic ring), 2937 (-CH2- stretching), 1617 (C=C 
stretching of aromatic ring), 1379 (-SO2 stretching), 1170 (C-O-C stretching of ether); 

1
H-NMR 

(CD3OD, 300 MHz): δ (ppm) 7.81 (s, 1H, H-6'), 7.71 (d, J = 8.4, 1H, H-3'), 7.58 (d, J = 8.4, 1H, H-4'), 
6.87 (d, J = 8.7 Hz, 2H, H-2 & H-6), 6.69 (d, J = 9.0 Hz, 2H, H-3 & H-5), 3.12 (s, 3H, CH3-1''); EIMS: 
m/z 335 [M+4]+, 333 [M+2]+, 331 [M]+, 267 [M-SO2]

+, 209 [Cl2C6H5SO2]
+, 145 [Cl2C6H5]

+, 122 
[C7H8NO]

+
, 93 [C6H5O]

+
. 

 

2.11 3,5-dichloro-N-(4-hydroxyphenyl)-N-methylbenzenesulfonamide (3i)  
 
Black amorphous solid; Yield: 89%; M.P.: 100°C; Molecular formula: C13H11Cl2NO3S; Molecular 
weight: 331 gmol-1; HR-MS: [M]+ 331.2035 (Calcd. for C13H11Cl2NO3S; 331.2148); IR (KBr, cm-1) vmax: 
3353 (O-H stretching), 3059 (C-H stretching of aromatic ring), 2910 (-CH2- stretching), 1612 (C=C 
stretching of aromatic ring), 1371 (-SO2 stretching), 1161 (C-O-C stretching of ether); 

1
H-NMR 

(CD3OD, 300 MHz): δ (ppm) 9.80 (s, 1H, HO-4'), 7.62 (d, J = 2.4 Hz, 2H, H-2', H-6'), 7.54 (d, J = 2.1 
Hz, 1H, H-4'), 6.98 (d, J = 8.7 Hz, 2H, H-2 & H-6), 6.70 (d, J = 8.7 Hz, 2H, H-3 & H-5), 2.72 (s, 3H, 
CH3-1''); EIMS: m/z 335 [M+4]+, 333 [M+2]+, 331 [M]+, 267 [M-SO2]

+, 209 [Cl2C6H5SO2]
+, 145 

[Cl2C6H5]
+
, 122 [C7H8NO]

+
, 93 [C6H5O]

+
. 

 

2.12 N-(4-hydroxyphenyl)-N-methyl-2-naphthalenesulfonamide (3j)  
 
Dark brown amorphous solid; Yield: 95%; M.P.: 72°C; Molecular formula: C17H15NO3S; Molecular 
weight: 313 gmol

-1
; HR-MS: [M]

+
 313.3725 (Calcd. for C17H15NO3S; 313.3834); IR (KBr, cm

-1
) vmax: 

3347 (O-H stretching), 3058 (C-H stretching of aromatic ring), 2927 (-CH2- stretching), 1609 (C=C 
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stretching of aromatic ring), 1391 (-SO2 stretching), 1164 (C-O-C stretching of ether); 1H-NMR 
(CD3OD, 300 MHz): δ (ppm) 8.14 (s, 1H, H-1'), 7.96-7.90 (m, 2H, H-4' & H-5'), 7.87 (d, J = 8.1 Hz, 1H, 
H-3'), 7.64 (dd, J = 8.1, 2.1 Hz, 1H, H-8'), 7.52-7.47 (m, 2H, H-6' & H-7'), 6.85 (d, J = 8.7 Hz, 2H, H-2 
& H-6), 6.66 (d, J = 8.7 Hz, 2H, H-3 & H-5), 3.16 (s, 3H, CH3-1''); EIMS: m/z 313 [M]

+
, 249 [M-SO2]

+
, 

191 [C10H7SO2]
+, 127 [C10H7]

+, 122 [C7H8NO]+, 93 [C6H5O]+. 
 

2.13 Procedure for the Synthesis of N-(2,3-dihydro-1,4-benzodioxin-6-yl)-2-
bromoacetamide (5)  

 
2,3-dihydro-1,4-benzodioxin-6-amine (4; 110.0 mmol) was suspended in 100 mL distilled water in a 
250 mL iodine flask and 10% Na2CO3 solution was added to adjust the pH 8-10. The reaction mixture 
was hand shaked for 5-10 minutes and then 2-bromoacetylbromide (110.0 mmol) was poured drop 
wise along with vigorous shaking till the formation of solid precipitates. After complete addition, the 
iodine flask was kept on stirring for further 15-20 min. The solid precipitates were verified through TLC 
giving single spot and acidified up to pH of 3-5. The precipitates were filtered, washed with distilled 
water and dried to yield the electrophile, 5. Purplish grey amorphous solid; Yield: 95%; M.P.: 56°C; 
Molecular formula: C10H10BrNO3; Molecular weight: 271 gmol-1; HR-MS: [M]+ 271.0952 (Calcd. for 
C10H10BrNO3; 271.1076); IR (KBr, cm

-1
) vmax: 3460 (N-H stretching), 3067 (C-H stretching of aromatic 

ring), 2919 (-CH2- stretching), 1618 (C=C stretching of aromatic ring), 1157 (C-O-C stretching of 
ether); 

1
H-NMR (CD3OD, 300 MHz): δ (ppm) 10.20 (s, 1H, NH), 7.20 (d, J = 2.1 Hz, 1H, H-5), 6.95 

(dd, J = 8.7, 2.1 Hz, 1H, H-7), 6.80 (d, J = 8.7 Hz, 1H, H-8), 4.19 (s, 4H, CH2-2 & CH2-3), 3.97 (s, 2H, 
CH2-2'); EIMS: m/z 273 [M+2]+, 271 [M]+, 150 [C8H8NO2]

+, 135 [C8H7O2]
+, 122 [C6H4NO2]

+, 121 
[C2H2BrO]

+
, 107 [C6H3O2]

+
, 66 [C4H4N]

+
. 

 

2.14 General Procedure for the Synthesis of O-substituted Derivatives (6a-j)  
 
N-(4-hydroxyphenyl)-N-methylarylsulfonamides (3a-j; 10.0 mmol) were homogeneously dissolved in 
N,N-dimethylformamide (DMF; 10 mL) in a 100 mL RB flask and activated by the addition of lithium 
hydride (10.0 mmol). The mixture was stirred for 15-25 min and then the calculated equimolar amount 
of electrophile, N-(2,3-dihydro-1,4-benzodioxin-6-yl)-2-bromoacetamide (5) was added to reaction 
mixture and further stirred for 5-6 hours. The reaction progress was supervised via TLC till single spot. 
Aqueous Na2CO3 solution (30-40 mL) was added to the flask and hand shaked slowly. The target 
precipitated products were collected by filtration, washed with distilled water and dried. 
 

2.15 2-{4-[methyl(phenylsulfonyl)amino]phenoxy}-N-(2,3-dihydro-1,4-benzodioxin-6-
yl)acetamide (6a)  

 
Light brown amorphous solid; Yield: 81%; M.P.: 157°C; Molecular formula: C23H22N2O6S; Molecular 
weight: 454 gmol

-1
; HR-MS: [M]

+
 454.4975 (Calcd. for C23H22N2O6S; 454.5031); IR (KBr, cm

-1
) vmax: 

3462 (N-H stretching), 3060 (C-H stretching of aromatic ring), 2921 (-CH2- stretching), 1621 (C=C 
stretching of aromatic ring), 1381 (-SO2 stretching), 1159 (C-O-C stretching of ether); 1H-NMR 
(CD3OD, 300 MHz): δ (ppm) 7.64 (dd, J = 7.8, 1.8 Hz, 2H, H-2' & H-6'), 7.51-7.41 (m, 3H, H-3' to H-
5'), 7.17 (d, J = 2.4, 1H, H-5'''), 7.02 (dd, J = 8.4, 1.2 Hz, 1H, H-7'''), 6.99 (d, J = 7.5 Hz, 1H, H-8'''), 
6.97 (d, J = 8.1 Hz, 2H, H-2 & H-6), 6.78 (d, J = 8.7 Hz, 2H, H-3 & H-5), 4.21 (s, 4H, CH2-2''' & CH2-
3'''), 3.92 (s, 2H, CH2-2''''), 3.14 (s, 3H, CH3-1''); EIMS: m/z 454 [M]+, 390 [M-SO2]

+, 150 [C8H8NO2]
+, 

141 [C6H5SO2]
+, 135 [C8H7O2]

+, 122 [C6H4NO2]
+, 122 [C7H8NO]+, 107 [C6H3O2]

+, 93 [C6H5O]+, 77 
[C6H5]

+
, 66 [C4H4N]

+
, 51 [C4H3]

+
. 

 

2.16 2-(4-{methyl[(4-methylphenyl)sulfonyl]amino}phenoxy)-N-(2,3-dihydro-1,4-
benzodioxin-6-yl)acetamide (6b)  

 
Light grey amorphous solid; Yield: 80%; M.P. 155°C; Molecular formula: C24H24N2O6S; Molecular 
weight: 468 gmol

-1
; HR-MS: [M]

+
 468.5234 (Calcd. for C24H24N2O6S; 468.5364); IR (KBr, cm

-1
) vmax: 

3464 (N-H stretching), 3073 (C-H stretching of aromatic ring), 2911 (-CH2- stretching), 1610 (C=C 
stretching of aromatic ring), 1377 (-SO2 stretching), 1149 (C-O-C stretching of ether); 1H-NMR 
(CD3OD, 300 MHz): δ (ppm) 7.45 (d, J = 8.1 Hz, 2H, H-2' & H-6'), 7.38 (d, J = 8.4 Hz, H-3' & H-5'), 
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7.19 (d, J = 2.4, 1H, H-5'''), 7.06 (dd, J = 8.1, 1.5 Hz, 1H, H-7'''), 6.89 (d, J = 8.1 Hz, 2H, H-2 & H-6), 
6.72 (d, J = 7.5 Hz, 1H, H-8'''), 6.69 (d, J = 8.7 Hz, 2H, H-3 & H-5), 4.21 (s, 4H, CH2-2''' & CH2-3'''), 
3.91 (s, 2H, CH2-2''''), 3.09 (s, 3H, CH3-1''), 2.42 (s, 3H, CH3-4'); EIMS: m/z 468 [M]+, 404 [M-SO2]

+, 
155 [CH3C6H5SO2]

+
, 150 [C8H8NO2]

+
, 135 [C8H7O2]

+
, 122 [C6H4NO2]

+
, 122 [C7H8NO]

+
, 107 [C6H3O2]

+
, 

93 [C6H5O]+, 91 [CH3C6H5]
+, 66 [C4H4N]+, 50 [C4H2]

+. 
 

2.17 2-{4-[{[4-(tert-butyl)phenyl]sulfonyl}(methyl)amino]phenoxy}-N-(2,3-dihydro-1,4-
benzodioxin-6-yl)acetamide (6c)  

 
Light brown amorphous solid; Yield: 79%; M.P.: 71°C; Molecular formula: C27H30N2O6S; Molecular 
weight: 510 gmol

-1
; HR-MS: [M]

+
 510.6034 (Calcd. for C27H30N2O6S; 510.6166); IR (KBr, cm

-1
) vmax: 

3459 (N-H stretching), 3063 (C-H stretching of aromatic ring), 2921 (-CH2- stretching), 1621 (C=C 
stretching of aromatic ring), 1390 (-SO2 stretching), 1168 (C-O-C stretching of ether); 

1
H-NMR 

(CD3OD, 300 MHz): δ (ppm) 7.58 (d, J = 8.4 Hz, 2H, H-2' & H-6'), 7.47 (d, J = 8.4 Hz, H-3' & H-5'), 
7.17 (d, J = 1.8, 1H, H-5'''), 6.95 (dd, J = 8.1, 1.5 Hz, 1H, H-7'''), 6.86 (d, J = 8.7 Hz, 2H, H-2 & H-6), 
6.77 (d, J = 8.7 Hz, 1H, H-8'''), 6.68 (d, J = 8.7 Hz, 2H, H-3 & H-5), 4.21 (s, 4H, CH2-2''' & CH2-3'''), 
3.91 (s, 2H, CH2-2''''), 3.10 (s, 3H, CH3-1''), 1.34 (s, 9H, (CH3)3C-4'); EIMS: m/z 510 [M]+, 446 [M-
SO2]

+
, 197 [(CH3)3CC6H5SO2]

+
, 150 [C8H8NO2]

+
, 135 [C8H7O2]

+
, 133 [(CH3)3CC6H5]

+
, 122 [C6H4NO2]

+
, 

122 [C7H8NO]+, 107 [C6H3O2]
+, 93 [C6H5O]+, 66 [C4H4N]+, 50 [C4H2]

+. 
 

2.18 2-{4-[(mesitylsulfonyl)(methyl)amino]phenoxy}-N-(2,3-dihydro-1,4-benzodioxin-6-
yl)acetamide (6d)  

 
Black sticky solid; Yield: 81%; Molecular formula: C26H28N2O6S; Molecular weight: 496 gmol

-1
; HR-

MS: [M]
+
 496.5764 (Calcd. for C26H28N2O6S; 496.5824); IR (KBr, cm

-1
) vmax: 3468 (N-H stretching), 

3062 (C-H stretching of aromatic ring), 2936 (-CH2- stretching), 1625 (C=C stretching of aromatic 
ring), 1395 (-SO2 stretching), 1162 (C-O-C stretching of ether); 

1
H-NMR (CD3OD, 300 MHz): δ (ppm) 

7.11 (d, J = 2.4, 1H, H-5'''), 6.97 (s, 2H, H-3' & H-5'), 6.94 (dd, J = 8.4, 2.1 Hz, 1H, H-7'''), 6.87 (d, J = 
8.4 Hz, 2H, H-2 & H-6), 6.76 (d, J = 8.1 Hz, 1H, H-8'''), 6.67 (d, J = 8.4 Hz, 2H, H-3 & H-5), 4.21 (s, 
4H, CH2-2''' & CH2-3'''), 3.93 (s, 2H, CH2-2''''), 2.99 (s, 3H, CH3-1''); EIMS: m/z 496 [M]

+
, 432 [M-SO2]

+
, 

183 [(CH3)3C6H5SO2]
+, 150 [C8H8NO2]

+, 135 [C8H7O2]
+, 122 [C6H4NO2]

+, 122 [C7H8NO]+, 119 
[(CH3)3C6H5]

+
, 107 [C6H3O2]

+
, 93 [C6H5O]

+
, 66 [C4H4N]

+
. 

 

2.19 2-{4-[{[4-(acetylamino)phenyl]sulfonyl}(methyl)amino]phenoxy}-N-(2,3-dihydro-
1,4-benzodioxin-6-yl)acetamide (6e)  

 
Brownish grey amorphous solid; Yield: 85%; M.P.: 140°C; Molecular formula: C25H25N3O7S; Molecular 
weight: 511 gmol

-1
; HR-MS: [M]

+
 511.5488 (Calcd. for C25H25N3O7S; 511.5574); IR (KBr, cm

-1
) vmax: 

3467 (N-H stretching), 3034 (C-H stretching of aromatic ring), 2936 (-CH2- stretching), 1602 (C=C 
stretching of aromatic ring), 1386 (-SO2 stretching), 1162 (C-O-C stretching of ether); 1H-NMR 
(CD3OD, 300 MHz): δ (ppm) 7.72 (d, J = 8.7 Hz, 2H, H-3' & H-5'), 7.46 (d, J = 8.5 Hz, 2H, H-2' & H-6'), 
7.18 (d, J = 2.4, 1H, H-5'''), 6.98 (dd, J = 8.4, 1.8 Hz, 1H, H-7'''), 6.87 (d, J = 8.7 Hz, 2H, H-2 & H-6), 
6.77 (d, J = 8.1 Hz, 1H, H-8'''), 6.68 (d, J = 8.7 Hz, 2H, H-3 & H-5), 4.21 (s, 4H, CH2-2''' & CH2-3'''), 
3.91 (s, 2H, CH2-2''''), 3.11 (s, 3H, CH3CONH-4'), 2.98 (s, 3H, CH3-1''); EIMS: m/z 511 [M]+, 447 [M-
SO2]

+, 198 [CH3CONHC6H5SO2]
+, 150 [C8H8NO2]

+, 135 [C8H7O2]
+, 134 [CH3CONHC6H5]

+, 122 
[C6H4NO2]

+
, 122 [C7H8NO]

+
, 107 [C6H3O2]

+
, 93 [C6H5O]

+
, 66 [C4H4N]

+
, 50 [C4H2]

+
. 

 
2.20 2-{4-[[(4-bromophenyl)sulfonyl](methyl)amino]phenoxy}-N-(2,3-dihydro-1,4-

benzodioxin-6-yl)acetamide (6f)  
 
Light grey amorphous solid; Yield: 81%; M.P.: 83°C; Molecular formula: C23H21BrN2O6S; Molecular 
weight: 532 gmol

-1
; HR-MS: [M]

+
 532.3937 (Calcd. for C23H21BrN2O6S; 532.4032); IR (KBr, cm

-1
) vmax: 

3446 (N-H stretching), 3072 (C-H stretching of aromatic ring), 2908 (-CH2- stretching), 1606 (C=C 
stretching of aromatic ring), 1376 (-SO2 stretching), 1177 (C-O-C stretching of ether); 1H-NMR 
(CD3OD, 300 MHz): δ (ppm) 7.76 (d, J = 8.7 Hz, 2H, H-2' & H-6'), 7.51 (d, J = 8.4 Hz, 2H, H-3' & H-5'), 
7.15 (d, J = 2.1, 1H, H-5'''), 6.93 (dd, J = 8.4, 1.8 Hz, 1H, H-7'''), 6.87 (d, J = 8.7 Hz, 2H, H-2 & H-6), 
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6.77 (d, J = 8.1 Hz, 1H, H-8'''), 6.69 (d, J = 8.4 Hz, 2H, H-3 & H-5), 4.21 (s, 4H, CH2-2''' & CH2-3'''), 
3.91 (s, 2H, CH2-2''''), 2.98 (s, 3H, CH3-1''); EIMS: m/z 534 [M+2]

+
, 532 [M]

+
, 468 [M-SO2]

+
, 219 

[BrC6H5SO2]
+, 155 [BrC6H5]

+, 150 [C8H8NO2]
+, 135 [C8H7O2]

+, 122 [C6H4NO2]
+, 122 [C7H8NO]+, 107 

[C6H3O2]
+
, 93 [C6H5O]

+
, 66 [C4H4N]

+
, 50 [C4H2]

+
. 

 
2.21  2-{4-[[(4-chlorophenyl)sulfonyl](methyl)amino]phenoxy}-N-(2,3-dihydro-1,4-

benzodioxin-6-yl)acetamide (6g)  
 
Dark brown amorphous solid; Yield: 87%; M.P. 84°C; Molecular formula: C23H21ClN2O6S; Molecular 
weight: 488 gmol-1; HR-MS: [M]+ 488.5415 (Calcd. for C23H21ClN2O6S; 488.5516); IR (KBr, cm-1) vmax: 
3447 (N-H stretching), 3072 (C-H stretching of aromatic ring), 2934 (-CH2- stretching), 1606 (C=C 
stretching of aromatic ring), 1378 (-SO2 stretching), 1161 (C-O-C stretching of ether); 1H-NMR 
(CD3OD, 300 MHz): δ (ppm) 7.74 (d, J = 8.4 Hz, 2H, H-2' & H-6'), 7.52 (d, J = 8.1 Hz, 2H, H-3' & H-5'), 
7.12 (d, J = 2.1, 1H, H-5'''), 6.95 (dd, J = 8.4, 2.1 Hz, 1H, H-7'''), 6.88 (d, J = 8.7 Hz, 2H, H-2 & H-6), 
6.79 (d, J  = 8.4 Hz, 1H, H-8'''), 6.68 (d, J = 8.7 Hz, 2H, H-3 & H-5), 4.21 (s, 4H, CH2-2''' & CH2-3'''), 
3.92 (s, 2H, CH2-2''''), 2.98 (s, 3H, CH3-1''); EIMS: m/z 490 [M+2]

+
, 488 [M]

+
, 424 [M-SO2]

+
, 175 

[ClC6H5SO2]
+, 150 [C8H8NO2]

+, 135 [C8H7O2]
+, 122 [C6H4NO2]

+, 122 [C7H8NO]+, 111 [ClC6H5]
+, 107 

[C6H3O2]
+
, 93 [C6H5O]

+
, 66 [C4H4N]

+
, 50 [C4H2]

+
. 

 

2.22 2-{4-[[(2,5-dichlorophenyl)sulfonyl](methyl)amino]phenoxy}-N-(2,3-dihydro-1,4-
benzodioxin-6-yl)acetamide (6h)  

 
Black amorphous solid; Yield: 82%; M.P.: 146°C; Molecular formula: C23H20Cl2N2O6S; Molecular 
weight: 522 gmol

-1
; HR-MS: [M]

+
 522.3865 (Calcd. for C23H20Cl2N2O6S; 522.3987); IR (KBr, cm

-1
) vmax: 

3476 (N-H stretching), 3059 (C-H stretching of aromatic ring), 2937 (-CH2- stretching), 1606 (C=C 
stretching of aromatic ring), 1393 (-SO2 stretching), 1151 (C-O-C stretching of ether); 1H-NMR 
(CD3OD, 300 MHz): δ (ppm) 7.81 (s, 1H, H-6'), 7.71 (d, J = 8.4 Hz 1H, H-3'), 7.44 (d, J = 8.4 Hz 1H, 
H-4'), 7.17 (d, J = 2.4, 1H, H-5'''), 6.94 (dd, J = 8.4, 2.4 Hz, 1H, H-7'''), 6.87 (d, J = 8.7 Hz, 2H, H-2 & 
H-6), 6.77 (d, J  = 8.7 Hz, 1H, H-8'''), 6.69 (d, J = 8.7 Hz, 2H, H-3 & H-5), 4.21 (s, 4H, CH2-2''' & CH2-
3'''), 4.12 (s, 2H, CH2-2''''), 3.10 (s, 3H, CH3-1''); EIMS: m/z 526 [M+4]

+
, 524 [M+2]

+
, 522 [M]

+
, 458 [M-

SO2]
+, 209 [Cl2C6H5SO2]

+, 150 [C8H8NO2]
+, 145 [Cl2C6H5]

+, 135 [C8H7O2]
+, 122 [C6H4NO2]

+, 122 
[C7H8NO]

+
, 107 [C6H3O2]

+
, 93 [C6H5O]

+
, 66 [C4H4N]

+
. 

 

2.23 2-{4-[[(3,5-dichlorophenyl)sulfonyl](methyl)amino]phenoxy}-N-(2,3-dihydro-1,4-
benzodioxin-6-yl)acetamide (6i)  

 
Light brown amorphous solid; Yield: 86%; M.P.: 120°C; Molecular formula: C23H20Cl2N2O6S; Molecular 
weight: 522 gmol

-1
; HR-MS: [M]

+
 522.3865 (Calcd. for C23H20Cl2N2O6S; 522.3987); IR (KBr, cm

-1
) vmax: 

3476 (N-H stretching), 3072 (C-H stretching of aromatic ring), 2923 (-CH2- stretching), 1614 (C=C 
stretching of aromatic ring), 1391 (-SO2 stretching), 1160 (C-O-C stretching of ether); 1H-NMR 
(CD3OD, 300 MHz): δ (ppm) 7.27 (s, 2H, H-2', H-6'), 7.16 (s, 1H, H-4'), 7.01 (d, J = 2.1, 1H, H-5'''), 
6.94 (dd, J = 8.4, 2.4 Hz, 1H, H-7'''), 6.80 (d, J = 8.1 Hz, 2H, H-2 & H-6), 6.70 (d, J = 8.1 Hz, 1H, H-
8'''), 6.66 (d, J = 8.4 Hz, 2H, H-3 & H-5), 4.20 (s, 4H, CH2-2''' & CH2-3'''), 3.92 (s, 2H, CH2-2''''), 2.98 
(s, 3H, CH3-1''); EIMS: m/z 526 [M+4]+, 524 [M+2]+, 522 [M]+, 458 [M-SO2]

+, 209 [Cl2C6H5SO2]
+, 150 

[C8H8NO2]
+, 145 [Cl2C6H5]

+, 135 [C8H7O2]
+, 122 [C6H4NO2]

+, 122 [C7H8NO]+, 107 [C6H3O2]
+, 93 

[C6H5O]
+
, 66 [C4H4N]

+
. 

 
2.24 2-{4-[methyl(2-naphthylsulfonyl)amino]phenoxy}-N-(2,3-dihydro-1,4-benzodioxin-

6-yl)acetamide (6j)  
 
Light brown amorphous solid; Yield: 89%; M.P.: 90°C; Molecular formula: C27H24N2O6S; Molecular 
weight: 504 gmol

-1
; HR-MS: [M]

+
 504.5552 (Calcd. for C27H24N2O6S; 504.5625); IR (KBr, cm

-1
) vmax: 

3475 (N-H stretching), 3070 (C-H stretching of aromatic ring), 2937 (-CH2- stretching), 1612 (C=C 
stretching of aromatic ring), 1376 (-SO2- stretching), 1182 (C-O-C stretching of ether); 1H-NMR 
(CD3OD, 300 MHz): δ (ppm) 8.14 (s, 1H, H-1'), 7.99-7.93 (m, 2H, H-4' & H-5'), 7.67 (d, J = 8.1 Hz, 1H, 
H-3'), 7.59 (dd, J = 8.1, 2.1 Hz, 1H, H-8'), 7.49-7.42 (m, 2H, H-6' & H-7'), 7.17 (d, J = 2.4, 1H, H-5'''), 
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6.93 (dd, J = 8.7, 2.1 Hz, 1H, H-7'''), 6.85 (d, 
8'''), 6.67 (d, J = 8.7 Hz, 2H, H-3 & H
(s, 3H, CH3-1''); EIMS: m/z 504 [M]
127 [C10H7]

+, 122 [C6H4NO2]
+, 122 [C

 

2.25 Cholinesterase Assays  
 
The AChE & BChE inhibition activities were executed according to the reported method [22] with 
small modifications. A volume of 100 µL comprising 60 µL Na
mM (pH 7.7), 10 µL test compound (0.5 mM well
well-1 for BChE) enzyme was developed. This homogeneous mixture was pre
by pre-incubation for 10 min at 37 ºC. The reaction was started by the addition of 10 µL of 0.5 mM 
well

-1
 substrate (acetylthiocholine iodide

addition of 10 µL DTNB (0.5 mM well
at 405 nm using 96-well plate reader Synergy HT, Biotek, USA. All experiments were carried out with
their respective controls in triplicate. Eserine (0.5 mM well
percent inhibition was calculated by the following equation
 

Inhibition (%) =
Control − Test

Control
×

 
where control is the activity without inhibitor and test is the activity in the presence of test compound. 
IC50 values were calculated using EZ
USA). The IC50 values were the average of three indep
 

2.26 Lipoxygenase Assay  
 
Lipoxygenase (LOX) activity was assayed according to the 
with small modifications. Total volume of lipoxygenase assay mixture was 200 µL containing 150 µL 
Na3PO4 buffer (100 mM & pH 8.0), 10 µL test compound (0.5 mM well
enzyme. The contents were mixed, pre
The reaction was initiated by addition of 25 µL substrate solution. Th
observed after 6 min at 234 nm using 96
were performed in triplicates. The positive and negative controls were included in the assay. Baicalein 
(0.5 mM well

-1
) was used as a positive control. The percentage inhibition (%) and IC

calculated by the same method as described cholinesterase enzymes.
 

2.27 Antibacterial Assay   
 
The antimicrobial activity was determined following the principle that increased absorban
medium is directly related to log phase of growth and was performed in sterile 96
under aseptic conditions [24-25]. Three gram
and Salmonella typhi) and two gram
included in the study and were maintained on stock culture agar medium. The test samples (with 
suitable solvents and dilutions) 20 µg/well and 180 µL fresh bacterial culture (with suitable dilution b
fresh nutrient broth) was poured into wells to make a volume of 200 µL. The initial absorbance of the 
culture was kept 0.12-0.19 at 540 nm. The absorbance was measured at 540 nm using microplate 
reader, before and after incubation at 37
was related to bacterial growth. The percent inhibition was calculated using the formula
 
 

Inhibition (%) =               × 100  
 
 
where, X is absorbance in control with bacterial culture and Y is absorbance in test sample. Results 
are mean of triplicate (n=3, ± sem). Ciprofloxacin was taken as reference standard. Minimum 
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7'''), 6.85 (d, J = 8.7 Hz, 2H, H-2 & H-6), 6.78 (d, J = 8.4 Hz, 1H, H
3 & H-5), 4.21 (s, 4H, CH2-2''' & CH2-3'''), 3.91 (s, 2H, CH
M]

+
, 440 [M-SO2]

+
, 191 [C10H7SO2]

+
, 150 [C8H8NO2]

+
, 135 [C

, 122 [C7H8NO]+, 107 [C6H3O2]
+, 93 [C6H5O]+, 66 [C4H4N]+.

inhibition activities were executed according to the reported method [22] with 
small modifications. A volume of 100 µL comprising 60 µL Na2HPO4 buffer with concentration of 50 
mM (pH 7.7), 10 µL test compound (0.5 mM well

-1
) and 10 µL (0.005 unit well

-1
 for AChE & 0.5 unit 

for BChE) enzyme was developed. This homogeneous mixture was pre-read at 405 nm followed 
incubation for 10 min at 37 ºC. The reaction was started by the addition of 10 µL of 0.5 mM 

substrate (acetylthiocholine iodide for AChE & butyrylthiocholine chloride for BChE) and the 
addition of 10 µL DTNB (0.5 mM well-1). After 15 min of incubation at 37°C absorbance was measured 

well plate reader Synergy HT, Biotek, USA. All experiments were carried out with
their respective controls in triplicate. Eserine (0.5 mM well-1) was used as a positive control. The 
percent inhibition was calculated by the following equation: 

× 100 

control is the activity without inhibitor and test is the activity in the presence of test compound. 
values were calculated using EZ–Fit Enzyme kinetics software (Perrella Scientific Inc. Amherst, 

values were the average of three independent experiments.  

Lipoxygenase (LOX) activity was assayed according to the reported method of Baylac & Racine [23] 
with small modifications. Total volume of lipoxygenase assay mixture was 200 µL containing 150 µL 

buffer (100 mM & pH 8.0), 10 µL test compound (0.5 mM well
-1

) and 15 µL (600 units well
enzyme. The contents were mixed, pre-read at 234 nm and pre-incubated for 10 minutes at 25°C. 
The reaction was initiated by addition of 25 µL substrate solution. The change in absorbance was 
observed after 6 min at 234 nm using 96-well plate reader Synergy HT, Biotek, USA. All reactions 
were performed in triplicates. The positive and negative controls were included in the assay. Baicalein 

a positive control. The percentage inhibition (%) and IC
calculated by the same method as described cholinesterase enzymes. 

The antimicrobial activity was determined following the principle that increased absorban
medium is directly related to log phase of growth and was performed in sterile 96-wells microplates 

25]. Three gram-negative (Escherichia coli, Pseudomonas aeruginosa 
) and two gram-positive bacteria (Bacillus subtilis, Staphylococcus aureus

included in the study and were maintained on stock culture agar medium. The test samples (with 
suitable solvents and dilutions) 20 µg/well and 180 µL fresh bacterial culture (with suitable dilution b
fresh nutrient broth) was poured into wells to make a volume of 200 µL. The initial absorbance of the 

0.19 at 540 nm. The absorbance was measured at 540 nm using microplate 
reader, before and after incubation at 37°C for 16-24 hours with lid on the microplate. The difference 
was related to bacterial growth. The percent inhibition was calculated using the formula:

 

, X is absorbance in control with bacterial culture and Y is absorbance in test sample. Results 
are mean of triplicate (n=3, ± sem). Ciprofloxacin was taken as reference standard. Minimum 
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= 8.4 Hz, 1H, H-
3'''), 3.91 (s, 2H, CH2-2''''), 3.16 

, 135 [C8H7O2]
+
, 

. 

inhibition activities were executed according to the reported method [22] with 
buffer with concentration of 50 

or AChE & 0.5 unit 
read at 405 nm followed 

incubation for 10 min at 37 ºC. The reaction was started by the addition of 10 µL of 0.5 mM 
for AChE & butyrylthiocholine chloride for BChE) and the 

C absorbance was measured 
well plate reader Synergy HT, Biotek, USA. All experiments were carried out with 

) was used as a positive control. The 

control is the activity without inhibitor and test is the activity in the presence of test compound. 
Fit Enzyme kinetics software (Perrella Scientific Inc. Amherst, 

method of Baylac & Racine [23] 
with small modifications. Total volume of lipoxygenase assay mixture was 200 µL containing 150 µL 

) and 15 µL (600 units well
-1

) 
incubated for 10 minutes at 25°C. 

e change in absorbance was 
well plate reader Synergy HT, Biotek, USA. All reactions 

were performed in triplicates. The positive and negative controls were included in the assay. Baicalein 
a positive control. The percentage inhibition (%) and IC50 values were 

The antimicrobial activity was determined following the principle that increased absorbance of broth 
wells microplates 

Escherichia coli, Pseudomonas aeruginosa 
Bacillus subtilis, Staphylococcus aureus) were 

included in the study and were maintained on stock culture agar medium. The test samples (with 
suitable solvents and dilutions) 20 µg/well and 180 µL fresh bacterial culture (with suitable dilution by 
fresh nutrient broth) was poured into wells to make a volume of 200 µL. The initial absorbance of the 

0.19 at 540 nm. The absorbance was measured at 540 nm using microplate 
with lid on the microplate. The difference 

:  

, X is absorbance in control with bacterial culture and Y is absorbance in test sample. Results 
are mean of triplicate (n=3, ± sem). Ciprofloxacin was taken as reference standard. Minimum 
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inhibitory concentration (MIC) was measured with suitable dilutions (5-30 µg/ well) and results were 
calculated using EZ-Fit Perrella Scientific Inc. Amherst USA software.  
 

2.28 Statistical Analysis  
 
All the measurements were executed in triplicate and statistical analysis was performed by Microsoft 
Excel 2010. Results are presented as mean ± sem. 
 

3. DOCKING STUDIES 
 
To explore the binding modes of the synthesized compounds, all of them were computationally 
docked against the active sites of acetyl cholinesterase (AChE), butyryl cholinesterase (BChE) and 
lipoxygenase (LOX).  
 

3.1 Computational Methodology 
 
3.1.1 Protein preparation 
  
From protein data bank, the AChE, BChE and LOX protein molecules were retrieved. Using MOE 
applications the 3D protonation of the protein molecule was carried out; after removing H2O 
molecules. Energy minimization algorithm of MOE tool was used to minimize the energy of the protein 
molecules, in order to get more stable configuration. The following parameters were used for energy 
minimization; gradient: 0.05, force field: MMFF94X+solvation, chiral constraint: current geometry. 
Energy minimization was terminated when the root mean square gradient falls below the 0.05. The 
minimized structure was used as the template for docking. 
 
3.1.2 Molecular docking   
 
The binding mode of the ligands into the binding pocket of protein molecule was predicted by MOE-
Dock implemented in MOE. After the completion of docking we analyze the best poses for hydrogen 
bonding/π-π interactions by using MOE applications [26]. 
 

4. RESULTS AND DISCUSSION 
 
The sulfamoyl and acetamoyl functionalities have been successfully geared up through a series of 
benignant methods by the protocol sketched in Scheme 1 and R groups employed are provided in 
Table 1. All the procedures with reaction conditions are mentioned in experimental section. The 
synthesized molecules were evaluated for the anti-enzymatic and antibacterial activities and found to 
be valuable potent molecules as evident from their IC50 (Table 2) and MIC (Table 3) values 
respectively.  
 

4.1 Chemistry   
 
The presented research work is comprised of three major steps. First N-(4-hydroxyphenyl)-N-
methylarylsulfonamides (3a-j) were synthesized by the reaction of N-methyl-4-hydroxyanilinium 
sulfate (1) and different aryl sulfonyl chlorides (2a-j) in a weak basic aqueous medium. The reaction 
was processed in basic media with pH of 8-10 to avoid the capturing of lone pair present at nitrogen 
by the acid produced which suppresses the nucleophilic character and also the rate of reaction. The 
products were separated after acidification to get rid of unreacted amine and also to enhance the yield 
but excess of it was obviated because of decrement in yield. The synthesized molecules, 3a-j, were 
further treated with N-(2,3-dihydro-1,4-benzodioxin-6-yl)-2-bromoacetamide (5) to yield the final 
products, 6a-j, in a weak basic aprotic polar medium. The products, 6a-j, were collected after 
basifying the reaction mixture in order to remove unreacted 3a-j molecules. The electrophile, 5, was 
prepared by the vigorous reaction of 2,3-dihydro-1,4-benzodioxin-6-amine (4) with the 2-
bromoacetylbromide in a basic medium and was also collected after acidification. The structures of all 
the synthesized compounds were confirmed through spectral analysis as depicted in experimental 
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section. The physical data for the final product 6a is given in experimental section. The HR-MS 
provided a [M]

+
 peak at 454.4975 (Calcd. for C23H22N2O6S; 454.5031). The molecular formula 

C23H22N2O6S was also supported by molecular ion peak at m/z 454 in EIMS and the number of 
protons in its 

1
H-NMR spectrum. The peaks of EIMS spectrum which well supported the molecule, 

were m/z 150, 141 and 121 for the cations of 2,3-dihydro-1,4-benzodioxin-6-amino group, 
phenylsulfonyl group and 4-(methylamino)phenoxy group respectively. The IR spectrum supported the 
structure by two characteristics   absorption bands at 3462 cm

–1
 and 1381 cm

-1 
for N-H (stretching) of 

amide and S=O (stretching) of sulfonyl group, respectively. Benzenesulfonyl ring was confirmed by 
two signals in the aromatic region of 

1
H-NMR spectrum appearing at δ 7.64 (dd, J = 7.8, 1.8 Hz, 2H, 

H-2' & H-6') and 7.51-7.41 (m, 3H, H-3' to H-5'). The benzodioxine ring was supported by four signals, 
three in aromatic region and one in aliphatic region, at δ 7.17 (d, J = 2.4, 1H, H-5'''), 7.02 (dd, J = 8.4, 
1.2 Hz, 1H, H-7'''), 6.99 (d, J = 7.5 Hz, 1H, H-8''') and 4.21 (s, 4H, CH2-2''' & CH2-3'''). The two 
doublets resonating at δ 6.97 (d, J = 8.1 Hz, 2H, H-2 & H-6) and 6.78 (d, J = 8.7 Hz, 2H, H-3 & H-5) 
were assigned to the protons of 1,4-disubstituted phenyl ring. In the aliphatic region of the 

1
H-NMR 

spectrum, the two singlets, appearing at δ 3.92 (s, 2H, CH2-2'''') and 3.14 (s, 3H, CH3-1'') in 2:3 ratio, 
indicated the presence of two methylene and three methyl protons in the molecule. The proposed 
structure of 6a was corroborated and named, 2-{4-[methyl(phenylsulfonyl)amino]phenoxy}-N-(2,3-
dihydro-1,4-benzodioxin-6-yl)acetamide. 

1
H-NMR spectrum of compound 6g is given in Fig. 1 for 

convenience.  
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Scheme 1. Synthesis of O- and N-substituted derivatives of planetol. Reagents and conditions: 
(I) Na2CO3/H2O, stirring for 4-5 hours, pH = 8-10 (II) Na2CO3/H2O, stirring for 30 min, pH = 8-10 

(III) LiH/DMF, stirring for 5-6 hours 
 

The structures of N-(4-hydroxyphenyl)-N-methyl-substituted sulfonamides (3a-i) were further 
confirmed by EIMS fragmentation patterns. Compound 3a gave molecular ion at m/z 263, 3b at m/z 
277, 3c at m/z 319, 3d at m/z 305, 3e at m/z 320, 3f at m/z 341, 3g at m/z 297, 3h at m/z 331 & 3i at 
m/z 313 which was in accordance to their M.W. M

+ 
of all compounds losses H

•
 to give M-H

+• 
peak at 

one unit less m/z in comparison to their respective M.W. 
 
Molecular ion losses C7H8NO

• 
to form SO2R

+ 
which appeared at

 
m/z 141 for 3a, 3b at m/z 155, 3c at 

m/z 197, 3d at m/z 183, 3e at m/z 198, 3f at m/z 220, 3g at m/z 175, 3h at m/z 209 & 3i at m/z 191; 
which further looses neutral molecule SO2 to give R

+
,
 
whose detail already discussed earlier except

 
for
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3c & 3h. For 3c R
+ 

is phenyl cation having tert-butyl group on para position, it looses acetylene 
molecule (C2H2) to give C4H2(CH3)3

+ 
at m/z 107; similarly in case of 3h C6H3Cl2

+
 at m/z 145 looses HCl

 

to give C6H2Cl+ at m/z 109. 
 
Table 1. Different  R groups employed for the synthesis of O- and N-substituted derivatives of 

planetol 
 

Compd. R Compd. R Compd. R 

3a,6a 

2'4'

6'

 

3e,6e 

N
H

O

H3C

2'4'

6'

 

3i,6i 

Cl

2'4'

6'Cl

 
3b,6b 

H3C

2'4'

6'

 

3f.6f 

Br
2'4'

6'

 

3j,6j 
1'

4'
9'7'

5'
 

3c,6c 

C
2'4'

6'

H3C

CH3

H3C

 

3g,6g 

Cl
2'4'

6'

 

  

3d,6d 

CH3

CH3

H3C

2'4'

6'

 

3h,6h Cl

Cl

2'4'

6'

 

  

 

 
 

Fig. 1a.
 1
H-NMR spectrum of compound 6g  
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Fig. 1b.

 1
H-NMR spectrum of compound 6g (aromatic region)

Fig. 1c. 1H-NMR spectrum of compound 6g (aliphatic region)
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NMR spectrum of compound 6g (aromatic region) 
 

 
NMR spectrum of compound 6g (aliphatic region) 
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Table 2. % age inhibition and IC50 values for enzyme inhibition activity of synthesized molecules 
 

Compd. AChE BChE LOX 
Inhibition (%) IC50 (µM) Inhibition (%) IC50 (µM) Inhibition (%) IC50 (µM) 

3a 70.75±1.11 153.83±0.82 51.82±0.52 489.12±0.59 37.92±0.17 - 
3b 93.49±1.22 21.62±0.53 88.88±0.96 170.10±0.62 37.71±0.16 - 
3c 93.41±0.81 59.10±0.61 88.41±1.13 66.30±0.89 73.29±0.65 365.5±0.32 
3d 89.92±0.91 135.22±0.69 81.18±0.89 187.54±0.74 44.79±0.45 >500 
3e 79.88±0.86 135.62±0.32 79.53±0.97 208.33±0.72 66.46±0.12 308.1±0.75 
3f 85.24±0.86 62.81±0.63 81.53±1.19 239.64±0.84 73.02±0.16 194.3±0.54 
3g 93.53±1.21 90.52±0.82 90.82±0.93 140.21±0.47 93.71±0.82 174.7±0.35 
3h 87.82±1.16 132.86±0.75 86.88±1.12 221.42±0.69 93.75±0.42 169.3±0.86 
3i 87.54±1.12 75.61±0.78 80.41±0.87 223.41±0.56 46.77±0.12 >500 
3j 94.92±0.91 93.13±0.62 85.18±0.92 48.11±0.59 96.25±1.45 306.8±0.95 
5 82.58±0.96 270.81±0.73 84.53±0.89 338.81±0.43 14.90±0.25 
6a 83.69±0.98 231.34±0.45 60.65±1.11 447.42±0.58 47.81±0.38 >500 
6b 35.56±0.53 >500 31.47±0.36 >500 89.48±0.11 335.6±0.21 
6c 98.10±0.97 109.11±0.79 96.43±0.87 172.23±0.57 86.75±0.85 253.7±0.95 
6d 96.15±1.12 161.83±0.81 83.76±0.87 302.31±0.78 33.54±0.65 - 
6e 93.69±0.84 87.53±0.49 93.43±0.96 133.93±0.77 75.61±0.96 351.9±0.12 
6f 81.94±1.25 183.11±0.89 86.10±0.98 62.10±0.52 79.80±0.38 323.8±0.45 
6g 77.78±0.95 206.77±0.79 51.41±0.66 494.23±0.41 47.80±0.63 >500 
6h 85.48±1.19 145.81±0.93 86.71±1.15 217.41±0.92 70.15±0.55 385.1±0.54 
6i 91.35±1.16 46.10±0.54 87.82±0.79 45.62±0.61 72.07±0.12 225.9±0.75 
6j 95.63±1.14 168.11±0.91 89.12±0.81 135.92±0.72 99.64±1.85 73.12±1.99 
Control 91.29±1.17

a 
0.04±0.0001

a 
82.82±1.09

a 
0.85±0.0001

a 
93.79±1.27

b 
22.4±1.3

b 

Note: IC50 values (concentration at which there is 50% enzyme inhibition) of compounds were calculated using EZ–Fit Enzyme kinetics software (Perella Scientific Inc. 
Amherst, USA). 

AChE = Acetyl cholinesterase; BChE = Butyryl cholinesterase; LOX = Lipoxygenase; a = Eserine; b = Baicalein 
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Table 3. % age inhibition and MIC values of antibacterial activity of synthesized molecules 
 

Compound S. typhi (-) E. coli (-) P. aeroginosa  (-) B. subtilis (+) S. aureus (+) 

% age 

inhibition 

MIC % age 

inhibition 

MIC % age 

inhibition 

MIC % age 

inhibition 

MIC % age 

inhibition 

MIC 

3a 68.07±1.13 11.03±2.00 71.16±0.18 11.66±3.22 56.63±2.50 16.96±5.00 47.67±3.40 - 47.64±2.21 - 

3b 53.27±2.47 16.08±3.64 53.96±1.52 18.32±2.76 49.63±4.50 - 41.07±0.67 - 46.57±0.57 - 

3c 69.67±1.53 10.64±3.55 64.82±1.40 13.56±3.89 48.31±4.31 - 44.60±1.67 - 52.29±4.14 18.44±4.64 

3d 61.33±1.20 11.55±1.82 55.98±3.05 14.49±4.05 51.50±1.25 19.33±4.17 46.80±1.73 - 59.43±4.71 13.83±1.98 

3e 63.47±1.33 11.82±2.76 53.05±2.93 16.62±4.17 60.00±0.38 17.30±5.00 35.07±0.40 - 47.36±0.36 - 

3f 50.20±1.27 19.70±4.18 44.82±3.60 - 43.94±1.94 - 32.33±2.60 - 38.07±0.93 - 

3g 49.33±2.93 - 29.57±4.23 - 44.06±0.06 - 24.73±1.80 - 40.93±2.93 - 

3h 67.47±0.00 10.85±4.73 61.40±2.26 14.83±2.33 58.94±0.19 16.99±5.00 38.53±0.40 - 55.43±4.71 16.01±2.73 

3i 55.47±0.67 13.31±5.00 44.21±2.26 - 42.56±0.06 - 48.93±3.73 - 47.93±0.64 - 

3j 67.47±3.60 11.02±1.54 60.67±1.52 15.91±1.67 44.88±2.75 - 49.00±1.40 - 49.43±0.14 - 

5 85.47±0.00 10.79±1.73 85.67±0.18 11.32±3.89 77.13±0.00 10.64±2.43 84.00±0.93 10.64±1.40 86.14±0.86 10.46±1.77 

6a 54.40±3.47 11.98±2.09 44.76±4.98 - 48.00±1.00 - 30.73±0.33 - 37.50±3.93 - 

6b 63.87±0.40 11.26±3.13 75.30±0.06 15.43±3.56 57.19±1.06 17.83±3.83 30.93±0.00 - 55.14±2.71 18.14±1.44 

6c 67.73±0.13 10.24±2.52 69.33±1.40 10.69±3.72 54.06±1.44 16.58±3.33 61.87±4.27 12.87±1.28 59.14±0.57 14.80±2.31 

6d 59.87±0.93 13.36±1.87 53.84±0.06 17.43±2.44 37.63±0.25 - 35.60±4.13 - 42.57±4.57 - 

6e 58.40±1.33 14.76±3.73 43.96±3.43 - 57.31±1.81 17.41±5.00 41.73±4.27 - 56.93±2.36 17.52±2.00 

6f 78.33±1.13 10.98±1.76 70.43±4.72 12.19±2.39 65.13±1.38 13.05±4.50 60.00±1.20 12.52±2.36 62.86±4.00 12.11±3.91 

6g 66.93±0.40 11.94±3.00 64.15±1.34 10.82±1.06 58.13±0.63 18.47±4.08 42.53±1.87 - 51.00±1.57 17.44±3.27 

6h 81.80±0.87 10.43±2.64 82.01±1.16 10.83±1.41 67.13±0.25 10.46±2.67 69.20±2.27 11.65±1.42 60.93±1.36 14.22±2.42 

6i 57.27±0.73 14.52±4.07 53.60±0.30 18.36±3.88 50.69±2.56 19.68±1.42 36.13±1.07 - 52.93±4.64 15.07±1.08 

6j 80.80±0.40 10.88±4.09 73.54±0.85 11.90±4.22 65.88±1.00 12.39±1.17 73.27±1.40 11.41±1.47 69.93±2.79 11.25±2.12 

Ciprofloxacin 91.65 ±1.04 9.22±1.36 90.98±1.43 8.79±2.00 90.46±1.99 8.93±2.42 89.90±0.79 9.43±1.87 92.04±1.44 9.04±1.50 

Note: Minimum inhibitory concentration (MIC) was measured with suitable dilutions (5-30 µg/ well) and results were calculated using EZ-Fit Perrella Scientific Inc. Amherst USA 
software 
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The characteristic fragment for 3a-i appeared as base peak at m/z 122 for C6H4OHNCH3
+
 due to the 

loss of SO2R
• 
from molecular ion. This cation (C6H4OHNCH3

+
)
 
further looses H2O

 
to form C6H3NCH3

+
 

at m/z 104. The EIMS patterns are illuminated in Figs. 2 and 3. 
 

 
 
Fig. 2. Mass fragmentation pattern of N-(4-hydroxyphenyl)-N-methyl-substituted sulfonamides 

(3a-e) 
 
The structures of 2-(4-(substituted-sulfonamido)phenoxy)-N-(2,3-dihydrobenzo [1,4]dioxin-6-
yl)acetamides (6a-i) were further confirmed by EIMS fragmentation patterns. Compound 6a gave 
molecular ion at m/z 454, 6b at m/z 468, 6c at m/z 510, 6d at m/z 496, 6e at m/z 511, 6f at m/z 533, 
6g at m/z 488, 6h at m/z 522 & 6i at m/z 504 which was in accordance to their M.W.  
 
Molecular ion of all compounds 6a-i losses C8H7SO4R

• 
to form C6H4NCH3OCH2NHCO

+ 
which 

appeared at m/z 178. Another fragment C6H3C2H4O2NHCO+ appeared at m/z 178 due to the loss of 
C8H9SO3R

•
 from molecular ion; which further looses CO to give C6H3C2H4O2NH

+
 at m/z 150 and 

afterwards it give up C2H4 to form C6H3O2NH
+
 at m/z 122 and latter it form cation C6H3NH

+
 at m/z 90 

by losing oxygen. One more important fragment C6H3C2H4O2NHCOCH2
+ appeared at m/z 192 due to 

the loss of C7H7NSO3R
•
 from M

+
. A heavy M.W. fragment emerged at m/z 313 due to the formation of 

C17H17N2O4
+  after the loss of SO2R

• from M+, which on losing CO formed C16H17N2O3
+  at m/z 285. The 

related fragmentation pathways are provided in Figs. 4 and 5. 
 

4.2 Enzyme Inhibition Activity   
 
The results of screening against all the three enzymes are presented in Table 1 in the form of %age 
inhibition and IC50 values. The screening of synthesized molecules against acetyl cholinesterase 
enzyme showed that all the molecules exhibited promising inhibitory action and 3b was the most 
prominent with the lowest IC50 value of 21.62±0.53 µM relative to the reference standard, eserine, 
with IC50 value of 0.04±0.0001 µM. Only 6b molecule remained inactive as evident from IC50 value. 
Butyryl cholinesterase enzyme was also promisingly inhibited by all the molecules except 6b. 6i was 
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the most active against this enzyme by the IC50 value of 45.62±0.61 µM relative to reference standard, 
eserine, with IC50 value of 0.85±0.0001 µM. The most potent molecules against both the 
cholinesterase enzymes were 3e, 3j and 6i with the structural features of p-substituted acetamoyl 
group, naphthyl group interacting at large area and dichloro substituted phenyl ring at both meta 
positions, respectively. Against lipoxygenase enzyme, some were inactive and most of them showed 
moderate inhibitory action. The most potent molecule against this enzyme was 6j with IC50 value of 
73.12±1.99 µM relative to baicalein with IC50 value of 22.4±1.3 µM.   
 

 
 

Fig. 3. Mass fragmentation pattern of N-(4-hydroxyphenyl)-N-methyl-substituted 
sulfonamides (3f-i) 

 

4.3 Antibacterial Activity   
 
All the synthesized molecules were screened against three Gram-negative and two Gram-positive 
bacterial strains and were found to be moderate inhibitors. The results are tabulated as %age 
inhibition and MIC values in Table 2. Most of the compounds showed activities against the both Gram-
positive bacterial strains except a few. Almost all the compounds showed the same inhibition potential 
against S. typhi and E. coli, as that of the reference standard, ciprofloxacin used. P. aeroginosa and 
S. aureus were inhibited by the majority of the molecules with 50% inhibitory action as that of the 
reference used. The synthesized molecules, 5, 6f, 6h and 6j were active against all the bacterial 
strains with much low MIC values, credibly because of the presence of bromo group at 2

nd
 carbon of 

acetyl group, bromo group at 4th position of phenyl group, two chloro groups at 2nd and 5th position of 
phenyl group and naphthyl group, respectively. The aromatic naphthyl rings are responsible for more 
interaction and the halogens in better positions are creditworthy for the antibacterial inhibition 
potential.   
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Fig. 4. Mass fragmentation pattern of 2-(4-(substituted-sulfonamido)phenoxy)-N-(2,3-dihydrobenzo[1,4]dioxin-6-yl)acetamides (6a-e) 
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Fig. 5. Mass fragmentation pattern of 2-(4-(substituted-sulfonamido)phenoxy)-N-(2,3-dihydrobenzo[1,4]dioxin-6-yl)acetamides (6f-i)
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4.4 Computational Analysis of Potent Compounds from 
      
One of the potent compound 3b showed very decent interaction with the active site of the target 
protein AChE. A total of six interactions were observed with five residues of the active sites. Thre
residues (Tyr70, Trp84, Asn85) made interaction with the hydrogen, while one residue Asp72 linked to 
the oxygen atom of OH group of phenol ring respectively. However, Trp84 also interacted with the 
toluene moiety through arene-hydrogen bonding. Ser122 in
group and make the interaction of compound stronger (Fig
observed that three different moieties of compound are contributing in the interaction between ligand 
and protein. 
       

Fig. 6. The 2D interaction analysis of 

 
The interaction analysis of compound 
contributing in the three interactions
atom of OH group of phenol moiety; whereas His126 interacted with the one oxygen atom of 
sulfonamide group directly as well as through water molecule (Fig

 
The importance of sulfonamide group is depicted from the interaction analysis of compound 
amino acid residues Tyr121 and Ser122 from the binding cavity of AChE protein interacted directly 
with the oxygen of the sulfonamide group as shown in
 
For compound 3i three interactions were observed through two amino acids residues 
Lys131 interacted with the oxygen of phenol group directly as well as through water molecule and 
Tyr61 interacted with the oxygen of sulfonamide group directl
(Fig. 9). In both cases (3c & 3i) experimentally determined potency of inhibitor strongly agreed with 
docking results. 
 

4.5 Computational Analysis of Potent Compounds from 
 
The interaction analysis of compound 
acetylcholinesterase protein contributed in the interaction between compound and protein. Four 
residues Tyr70, Tyr121, Phe330 and Gln74
interacted with the oxygen of acyl group, while Phe330 and Tyr70 interacted through arene
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Computational Analysis of Potent Compounds from 3a-i  

showed very decent interaction with the active site of the target 
protein AChE. A total of six interactions were observed with five residues of the active sites. Thre
residues (Tyr70, Trp84, Asn85) made interaction with the hydrogen, while one residue Asp72 linked to 
the oxygen atom of OH group of phenol ring respectively. However, Trp84 also interacted with the 

hydrogen bonding. Ser122 interacted with oxygen atom of sulfonamide 
group and make the interaction of compound stronger (Fig. 6). So, in this interaction analysis we 
observed that three different moieties of compound are contributing in the interaction between ligand 

 
Fig. 6. The 2D interaction analysis of N-(4-hydroxyphenyl)-N,4-dimethyl benzenesulfonamide 

(3b) against AChE  

The interaction analysis of compound 3c in case of BChE revealed that two important moieties are 
contributing in the three interactions with two residues of cavity. Asn85 interacted with the oxygen 
atom of OH group of phenol moiety; whereas His126 interacted with the one oxygen atom of 
sulfonamide group directly as well as through water molecule (Fig. 7).  

The importance of sulfonamide group is depicted from the interaction analysis of compound 
amino acid residues Tyr121 and Ser122 from the binding cavity of AChE protein interacted directly 
with the oxygen of the sulfonamide group as shown in Fig. 8. 

three interactions were observed through two amino acids residues 
Lys131 interacted with the oxygen of phenol group directly as well as through water molecule and 
Tyr61 interacted with the oxygen of sulfonamide group directly without intervening water molecule 

experimentally determined potency of inhibitor strongly agreed with 

Computational Analysis of Potent Compounds from 6a-i  

The interaction analysis of compound 6c showed that four amino acid residues from the active site of 
protein contributed in the interaction between compound and protein. Four 

residues Tyr70, Tyr121, Phe330 and Gln74 interacted with molecule as shown in (Fig
interacted with the oxygen of acyl group, while Phe330 and Tyr70 interacted through arene
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showed very decent interaction with the active site of the target 
protein AChE. A total of six interactions were observed with five residues of the active sites. Three 
residues (Tyr70, Trp84, Asn85) made interaction with the hydrogen, while one residue Asp72 linked to 
the oxygen atom of OH group of phenol ring respectively. However, Trp84 also interacted with the 

teracted with oxygen atom of sulfonamide 
6). So, in this interaction analysis we 

observed that three different moieties of compound are contributing in the interaction between ligand 

 

dimethyl benzenesulfonamide 

in case of BChE revealed that two important moieties are 
with two residues of cavity. Asn85 interacted with the oxygen 

atom of OH group of phenol moiety; whereas His126 interacted with the one oxygen atom of 

The importance of sulfonamide group is depicted from the interaction analysis of compound 3f. Two 
amino acid residues Tyr121 and Ser122 from the binding cavity of AChE protein interacted directly 

three interactions were observed through two amino acids residues against BChE. 
Lys131 interacted with the oxygen of phenol group directly as well as through water molecule and 

y without intervening water molecule 
experimentally determined potency of inhibitor strongly agreed with 

showed that four amino acid residues from the active site of 
protein contributed in the interaction between compound and protein. Four 

(Fig. 10). Tyr121 
interacted with the oxygen of acyl group, while Phe330 and Tyr70 interacted through arene-hydrogen 
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bonding with the phenyl rings of 1,4
interacted with one oxygen atom SO
 

Fig. 7. The 2D interaction analysis of 4
methylbenzenesulfonamide (3c) 

 

Fig. 8. 2D interaction analysis of 4

The interaction analysis of compound 
protein contributed in the six interactions between compound and protein. Three important water 
molecules were also involved in the interactions. Lys131 interacted with the ligand at three diffe
points, directly with the SO2 group of 4
position) of 1,4-benzodioxine moieties respectively and through arene
of 1,4-benzodioxine ring. All the other three residues T
water molecule as shown in (Fig. 11). His126 interacted 
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bonding with the phenyl rings of 1,4-benzodioxane and phenoxy moieties respectively; whereas Gln74 
interacted with one oxygen atom SO2 group of sulfonamide moiety.  

 
 

Fig. 7. The 2D interaction analysis of 4-(tert-butyl)-N-(4-hydroxyphenyl)
methylbenzenesulfonamide (3c) against BChE 

 
Fig. 8. 2D interaction analysis of 4-bromo-N-(4-hydroxyphenyl)-N-methylbenzenesulfonamide 

(3f) against AChE  
 

The interaction analysis of compound 6f showed that four amino acid residues from the active site of 
protein contributed in the six interactions between compound and protein. Three important water 
molecules were also involved in the interactions. Lys131 interacted with the ligand at three diffe

group of 4-bromobenzene sulfonamide, the one oxygen atom (at 1
benzodioxine moieties respectively and through arene-hydrogen with the phenyl ring 

benzodioxine ring. All the other three residues Tyr61, His126 and Asp129 interacted through 
11). His126 interacted through one water molecule with the oxygen 
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benzodioxane and phenoxy moieties respectively; whereas Gln74 

hydroxyphenyl)-N-

methylbenzenesulfonamide 

showed that four amino acid residues from the active site of 
protein contributed in the six interactions between compound and protein. Three important water 
molecules were also involved in the interactions. Lys131 interacted with the ligand at three different 

bromobenzene sulfonamide, the one oxygen atom (at 1
st
 

hydrogen with the phenyl ring 
interacted through 

with the oxygen 
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of acyl group and by another H2O molecule to the one oxygen atom (at 4
ring; whereas Asp129 and Tyr61 interacted through two and one 
one oxygen atom (at 4

th
 position) of 1,4

dioxane moiety. The compound proofed acceptable interactions and good inhibit
 

Fig. 9. The 2D interaction analysis of 
sulfonamide (3i) 

Fig. 10. 2D interaction of 2-(4-
dihydrobenzo[1,4]dioxin
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O molecule to the one oxygen atom (at 4th position) of 1,4
interacted through two and one H2O molecules respectively to the 

position) of 1,4-dioxane ring. Thus important interaction occurred through 
dioxane moiety. The compound proofed acceptable interactions and good inhibition as well.

 
Fig. 9. The 2D interaction analysis of N-(4-hydroxyphenyl)-N-methyl-2-naphthalene 

sulfonamide (3i) against BChE  
 

 
 

-(4-tert-butyl-N-methylphenylsulfonamido)phenoxy)
dihydrobenzo[1,4]dioxin-6-yl) acetamide (6c) against AChE  
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Fig. 11. The 2D interaction analysis of 
(2,3-dihydrobenzo[1,4]dioxin

The interaction analysis of compound 
contributing in the interactions. This reflected the importance of acetamido and sulfonamide groups. A 
total of six interactions were observed with five residues of the active sites. Val566 showed di
interaction with the oxygen of SO2 
adjacent to methylene group and to the hydrogen (NH) respectively of acetamido moiety. Carbonyl 
oxygen of acetamido moiety was linked by two residues i.e. 
found from hydrogen (NH) to the 
inhibition of a compound was well supported by the docking studies 
 

Fig. 12. 2D interaction analysis of 
methylnaphthalene-2-
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Fig. 11. The 2D interaction analysis of 2-(4-(4-bromo-N-methylphenylsulfonamido) phenoxy)

dihydrobenzo[1,4]dioxin-6-yl)acetamide (6f) against BChE  
 

The interaction analysis of compound 6i in case of LOX revealed that two important moieties are 
This reflected the importance of acetamido and sulfonamide groups. A 

total of six interactions were observed with five residues of the active sites. Val566 showed di
 group, whereas His518 and Gln716 interacted with oxygen atom 

adjacent to methylene group and to the hydrogen (NH) respectively of acetamido moiety. Carbonyl 
oxygen of acetamido moiety was linked by two residues i.e. His513 and Gln514. Sixth interaction was 

 His513 residue of LOX protein. The experimentally determined 
inhibition of a compound was well supported by the docking studies (Fig. 12). 

 
Fig. 12. 2D interaction analysis of N-(2,3-dihydrobenzo[1,4]dioxin-6-yl)-2-(4

-sulfonamido)phenoxy)acetamide (6i) against LOX 
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methylphenylsulfonamido) phenoxy)-N-

in case of LOX revealed that two important moieties are 
This reflected the importance of acetamido and sulfonamide groups. A 

total of six interactions were observed with five residues of the active sites. Val566 showed direct 
group, whereas His518 and Gln716 interacted with oxygen atom 

adjacent to methylene group and to the hydrogen (NH) respectively of acetamido moiety. Carbonyl 
His513 and Gln514. Sixth interaction was 
protein. The experimentally determined 

 

(4-(N-
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5. CONCLUSION 
 
All the compounds were synthesized in good yields by the depicted methods in experimental section. 
The proposed structures were corroborated by the spectroscopic analysis using IR, 

1
H-NMR and 

EIMS techniques. All the synthesized compounds were evaluated for the enzyme inhibition and 
antibacterial activities. The IC50 values of these molecules rendered them better inhibitors of 
cholinesterase enzymes and moderately less inhibitors of lipoxygenase enzyme. The MIC values of 
taken into account molecules against the different bacterial strains, showed them potent against two 
of three Gram-negative bacterial strains and moderately good against two Gram-positive bacterial 
strains. All these biological results depicted the synthesized molecules as an important pathway for 
the pharmacological industries in drug designing.    
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ABSTRACT 
 

Substituted 4-phenyl-1,2-dithiol-3-thione (PDTT) synthesized and tested as inhibitors for the corrosion 
for mild steel in the presence of oxygen by potentiodynamic polarization and electrochemical 
impedance spectroscopy (EIS) technique in 20% H2SO4 at 25ºC. This organic compound inhibits the 
acidic corrosion even at low concentration. The results obtained show that this sulfur compound is 
good inhibitors and are in good agreement. Polarization curves indicate that 4-phenyl-1,2-dithiol-3-
thione is a cathodic inhibitor and able to reduce the corrosion current, obtained from electrochemical 
impedance spectroscopy measurement, were analyzed to model the corrosion inhibition process 
through appropriate equivalent circuit model. The adsorption of 4-phenyl-1,2-dithiol-3-thione on the 
steel surface in 20% H2SO4 solution, obeys to Langmuir's isotherm with a very high negative value of 
the free energy of adsorption Gºad.  
 
Keywords: Acid; corrosion; inhibition; dithiole thione; mild steel; electrochemical impedance 

spectroscopy; adsorption. 
 

1. INTRODUCTION 
 
Organ sulfur derivatives are exogenic compounds known as antioxidants in various therapeutic 
applications. Among these sulfur compounds, 1,2-dithiol-3-thiones (dithiolethiones) are extensively 
investigated owing to their chemo preventive effect in numerous condition, prevention of hepato-, 
nephro-, ten toxicity, neuroprotection, effect in inflammation, cerebral and cardiac, ischemia and 
cancer chemoprevention [1]. A number of derivatives of 3H-1,2-dithiol-3-thiones have been shown to 
induce phase II detoxification enzymes [2]. 
 
First quantitative structure-activity relationships (QSAR) between electrophone detoxication properties 
of 1,2-dithiol-3-thiones, for example the use of Hammet electronic parameters δ, shows that electronic 
effect of the substituent may play an important role in DNA-binding of ligands [3] and determine their 
water/n-octanol partition coefficient, log P. A very significant linear property was found with some 
disubstituted derivatives. It was found that the less lipophilicity dithiolethiones were the most active 
[4]. 
 
1,2-Dithiol-3-thiones are five-member cyclic sulfur-containing compounds with antioxidant 
chemotherapeutic and chemo protective activities these compound are used in different domain, such 
as, oltipraz a member of a class of dithiol thione is induced phase 2 enzyme response conserved in 
cells lacking mitochondrial DNA [5], then sulfarlem is widely used in human therapy for its choler tic, 
sialogogic properties and as cytoprotective agent in lung precancerous lesions prevention in smokers 
[6] and finally 3-methylthio-1,2-dithiolium cation was easily reduced in DMF at a mercury electrode [7]. 
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Acid solutions are used for the removal of undesirable scale and rust in many industrial processes [8]. 
It is well known that sulphuric acid used for the removal of undesirable scale and rust in several 
industrial processes trigger corrosion of pure metals and alloys [9]. Aggressive acids predominantly 
sulphuric acid are widely used for industrial and some specific treatments (e.g. chemical cleaning 
pickling) of mild steel most especially when intended for hot-dip galvanizing. However, these acids are 
known to cause severe corrosion problems [10]. In order to minimize the loss of mild steel, the use of 
inhibitors is one of the most practical methods for protection against metallic corrosion, especially in 
acidic media. Many organic compounds containing polar functions such as oxygen, nitrogen, sulphur 
and phosphorus in their molecular structures have been used as corrosion inhibitor for metal [11-21]. 
While sulphur containing inhibitors exert their best efficiency in sulphuric acids [22-24] such as 
sulphoxides, sulphide and thioureas [25]. Inhibitors find application in pickling cleaning and acid 
decaling processes in general organic compounds such as, amines, acetylene alcohol, heterocyclic 
compounds etc., have found use as inhibitors in industrial applications [26]. 
 
The primary step in the action of organic corrosion inhibitors in acid solutions is usually adsorption at 
the metal-solution interface. The adsorption requires the existence of attractive forces between the 
adsorb ate and the metal. Accor-ding to the type of forces, adsorption can be physisorption, 
chemisorptions or a combination of both. Physisorption is due to electrostatic attractive forces 
between inhibiting organic ions or dipoles and the electrically charged surface of the metal. 
Chemisorptions is due to interaction between unshared electron pairs or π-electron of the adsorb ate 
with the metal in order to form a coordinate type of bond. It may take place in presence of heteroatom 
(P, Se, S, N, O), with lone-pair electrons [27], functional groups, steric factors, aroma city, electron 
density at the donor atoms and () orbital character of donating electrons [28] and also on the 
electronic structure of the molecules [29,30]. According to this mechanism, a reduction of either the 
anodic or the cathodic reaction or both arises from the adsorption of inhibitor on the corresponding 
active sites. The electronic characteristic of the molecules (adsorb ate), the chemical composition of 
the solution, the nature of the metal surface, the temperature of the reaction and the electro-chemical 
potential at the metal-solution interface determine the degree of adsorption and hence the 
effectiveness of inhibitor [27]. 
 
The compound 4-phenyl-1,2-dithiol-3-thione (PDTT), is an example of a new class of corrosion 
inhibitors (Fig. 1). The aim and the objective of the present work is to investigate the efficiency of 4-
phenyl-1,2-dithiol-3-thione as corrosion inhibitors of mild steel X52 in 20% sulphuric acid, in order to 
study the influence of a sulfur atom and aromaticity, in the part of the molecule. 
 

 
 

Fig. 1. Molecular structure of the 4-phenyl-1, 2-dithiol-3-thione (PDTT) 
 

2. EXPERIMENTAL 
 
The investigated 4-phenyl-1,2-dithiol-3-thione (PDTT) was synthesized in the laboratory according to 
described procedure [30] and was purified and analyzed by IR and measure point of fusion before 
used. The concentration range employed was 25 × 10

-3
 mM to 126 × 10

-3
 mM. 
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Corrosion tests have been carried out on electrodes of mild steel. Steel stips containing percentage 
composition of (in wt. %) C: 0.1038, Mn: 0.971, S: 0.0021 and remainder iron was used, as the 
working electrode for the electrochemical studies. The surface preparation of the specimens was 
carried out by grinding with emery paper grade 400 and 1200 they were dried at room temperature 
before use. The acid solution (20% H2SO4) was prepared by dilution of analytical grade 98% H2SO4 
with distilled water. 
 
Polarization curves were conducted at 25 ± 1ºC using an electrochemical measurement system 
controlled with Tacussel Radiometer PGP201 corrosion analysis. Electrochemical experiments were 
carried out in a glass cell with a capacity of 500 ml. A saturated calomel electrode (SCE) as a 
reference electrode. A platinum electrode was used as a counter. All potentials are reported vs. SCE. 
 
For Tafel polarization technique and electrochemical impedance spectroscopy (EIS), the working 
electrode was in the form of a disc cut from mild steel under investigation and was embedded in a 
Teflon rod with an exposed area of 1.0 cm2. A calomel electrode was placed close to the working 
electrode to minimize ohmic resistance. All test solution were aerated in the cell, the test solution was 
mixed with a magnetic. The anodic and cathodic polarization curves were recorded by a constant 
sweep rate of 0.5 mV s-1. 
 
Electrochemical impedance spectroscopy (EIS) was conducted in an electrochemical measurement 
system (Voltalab40) which comprises a PGZ301 potentiontat and Tacussel Frequency Response 
Analyzer. 
 
A personal computer and Volta Master 4 software and posing a double glass cell equipped with a 
thermo stated cooling condenser. The solution volume was 500 ml. An ac sinusoid ± 10 mV was 
applied at the corrosion potentials (Ecorr) over a frequency rang of 10

5
 Hz-10

-3
 Hz with ten point par 

decade was employed. All tests were performed at 25 ± 1ºC Nyquist plots were obtained from these 
experiments. 
 

3. RESULTS AND DISCUSSION 
 
Polarization measurements have been carried out in order to gain knowledge concerning the kinetics 
of the anodic and cathodic reactions. Polarization curves of the mild steel in 20% H2SO4 solutions 
without and with addition of different concentrations of PDTT are shown in Fig. 2. The anodic and ca-
thodic current-potential curves are extrapolated up to their intersection at a point where corrosion 
current density (icorr) and corrosion potential (Ecorr) are obtained [27]. Table 1 shows the 
electrochemical kinetic parameters (icorr, Ecorr and bc) obtained from Tafel plots for the steel electrode 
in 20 % H2SO4 solution without and with different concentration of the investigated (PDTT). The icorr 
values were used to calculate the inhibition efficiency. 
 
The inhibition efficiency, E (%) (listed in Table 1), is calculated by the following expression [31]: 
 

                                                                                                    (1) 
 
where icorr and iocorr are the corrosion current densities in the presence and absence of the inhibitor in 
the solutions, respectively. 
 
As was expected cathodic reactions of carbon steel electrode corrosion were inhibited with increase 
of the synthesized surfactant concentration. This result suggests that the addition of the synthesized 
inhibitors reduces anodic dissolution and also retards the hydrogen evolution reaction [22], the best 
inhibition efficiency was about 96.95% at concentration 126 × 10

-3
 mM. It can be seen that the 

corrosion rate decreased and inhibition efficiency (E%) increased by increasing inhibitor 
concentration, may result from the presence of a pair of electron on sulfur atoms which can absorb 
strongly on the metal surface [32] and also the presence of aroma city of the phenyl and the electron 
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density at this donor group in your oppositions a single pair of electrons on sulfur atoms. The shifting 
of Ecorr indicates that the corrosion inhibitor is an cathodic inhibitor. 
 
Table 1. Corrosion parameters obtained from electrochemical and impedance measurements 

for mild steel in 20 % H2SO4 containing various concentration of PDTT 
 

 Conc. of  
PDTT (mM) 

Tafel data Impedance data 
 Ecorr (mV 

vs. SCE) 
icorr (mA 
cm-²) 

βa (mV 
dec-1) 

βc (mV 
dec-1) 

E % Rct (Ω 
cm²) 

Cdl (μF 
cm-2) 

η (%) 

Blank 0.000   - 433.5 1.6450 68.5 -73.3 – 1.690 2356.47 – 
 0.025 - 457.0 0.8054 29.2 -40.9 51.04 1.448 1337.00 43.30 
 0.050 -458.1 0.2620 31.0 -35.3 84.10 1.886 1176.00 50.10 
 0.076 -451.9 0.1483 107.3 -99.6 91.03 16.000 391.32 83.39 
 0.101 -447.2 0.1272 77.0 -95.6 92.27 24.540 259.56 88.98 
 0.126 -438.8 0.0551 62.4 -90.3 96.65 48.740 51.62 97.81 

 

 
 

Fig. 2. Typical potentiodynamic polarization curves for mild steel in 20% H2SO4 containing 
different concentrations of PDTT at 25ºC 

 
Impedance measurement of the mild steel electrode at its open circuit potential after 1 h of immersion 
in 20% H2SO4 solution with and without PDTT inhibitor were performed over the frequency range from 
10

5
 Hz to 10

-3
 Hz. Fig. 3 shows the obtained Nyquist plots of mild steel in 20% H2SO4 solution in 

absence and presence of different concentration of PDTT These curves show a typical set of Nyquist 
plots. It is clear from these plots that the impedance response of carbon steel has significantly 
changed after addition of the synthesized inhibitors in the corrosive media. This indicates that the 
impedance of an inhibited substrate increases with increasing concentration of inhibitor in 20% 
H2SO4. 
 
The impedance parameters, solution resistance, charge transfer resistance Rct and double-layer 
capacitance (Cdl), are listed in Table 1. The Nyquist plots obtained in the real system represent a 
general behavior where the double layer on the interface of metal/ solution does not behave as a real 
capacitor. On the metal side electrons control the charge distribution whereas on the solution side it is 
controlled by ions. As ions are much larger than electrons, the equivalent ions to the charge on the 
metal will occupy quite a large volume on the solution side of the double layer [22] (Table 1). 
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Fig. 3. Nyquiste plots of mild steel recorded in 20% H2SO4 containing different concentrations 
of PDTT at 25ºC 

 

                                                                                                               (2) 
  
The double-layer capacitance (Cdl) was calculated from the following equations [23]: 
 

                                                                                                          (3) 
 
where f(-Zimg) is the frequency at maximum imaginary component of the impedance and Rct are the 
charge transfer resistances. 
 
Where Rt(inh) and Rt are the charge transfer resistance values with and without inhibitor for mild steel 
in acidic media respectively [26]. The impedance parameters derived from this investigation are given 
in Table 1. 
 
As the PDTT concentration increased, Rt values increased, but Cdl values tended to decrease         
Table 1. The decrease in Cdl values was due to the adsorption of PDTT on the metal surface. The 
inhibition efficiency η reached 97.81% in 20% H2SO4 at 126 × 10-3 mM of inhibitor. The inhibition 
efficiency in 20% H2SO4 was lower. This was presumably caused by the lower surface coverage of 
the inhibitor on the mild steel surface in the 20% H2SO4 solution. 
 
It is clear that charge transfer resistance Rct values were increased and the capacitance values Cdl 
decreased with increasing inhibitors concentration. Decrease in the capacitance, which can result 
from a decrease in local dielectric constant and/or an increase in the thickness of the electrical double 
layer, suggests that the inhibitor molecules. 
 
Act by adsorption at the metal/solution interface [22]. The addition of the synthesized surfactants 
provides lower Cdl values, probably as a consequence of replacement of water molecules by the 
synthesized inhibitors at the electrode surface. The inhibitor molecules may also reduce the 
capacitance by increasing the double layer thickness according to the Helmholtz model [22]. 
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The value of Cdl is always smaller in the presence of the inhibitor than in its absence, as a result of the 
effective adsorption of the synthesized inhibitors. 
 
Results obtained from EIS measurements are in good agreement. The real part (Z') and imaginary 
part (Z") of the cell impedance were measured in ohms at various frequencies. 
 
With that obtained from potentiodynamic polarization electrochemical impedance spectroscopy and 
polarization curves measurements were repeated several times and observed that they were highly 
reproducible. 
 
Inhibition mechanism, the primary step in action of inhibition in acid solution is generally agreed to be 
adsorption on to the metal surface, which is usually oxide free in acid solution. The adsorption of 
inhibitor species (Inh) on the metal surface in aqueous solution should be considered a place 
exchanger reaction: 
 

                                                           (4) 
 
Where x the size ratio is the number of water molecules displaced by one molecule of organic 
inhibitor. When the equilibrium of the process described in eqn. 4 is reached, it is possible to obtain 
different expression of the adsorption isotherm plots and thus the degree of surface coverage θ = E 
%/100. Can be plotted as a function of the inhibitor under test [33]. 

 
It is well recognized that the first step in inhibition of metallic corrosion is the adsorption of organic 
inhibitor molecules at the metal/solution interface and that the adsorption depends on the molecule's 
chemical composition, the temperature and the electrochemical potential at the metal/solution 
interface. In fact, the solvent H2O molecules could also adsorb at metal/solution interface so the 
adsorption of organic inhibitor molecules from the aqueous solution can be regarded as a quasi-
substitution process between the organic compounds in the aqueous phase [Org(aq)] and water 
molecules at the electrode surface [H2O(ads)] [34]. 
 

                                                                  (5) 
 
where x is the size ratio, i.e., the number of water molecules replaced by one organic inhibitor. Basic 
information on the interaction between the inhibitor and the mild steel surface. It is well recognized 
that organic inhibitor molecules set up their inhibition action via the adsorption of the inhibitor 
molecules onto the metal/solution interface. The adsorption process is affected by the chemical 
structures of the inhibitors, the nature and charged surface of the metal and the distribution of charge 
over the whole inhibitor molecule. In general, owing to the complex nature of adsorption and inhibition 
of a given inhibitor, it is not possible for single adsorption mode between inhibitor and metal surface. 
Organic inhibitor molecules may be adsorbed on the metal surface in one or more of the following 
ways: (a) Electrostatic interaction between the charged molecules and the charged metal; (b) 
Interaction of unshared electron pairs in the molecule with the metal and (c) Interaction of π-electrons 
with the metal. 

 
The inhibition efficiency afforded by 4-phenyl-1,2-dithiol-3-thione may be attributed to the presence of 
electron rich sulfur and aromatic rings [34]. 
 
Langmuir isotherm for monolayer chemisorptions is given by the following equation [35]: 

 

                                                                                                   (6) 
 

where Kads is the equilibrium constant of the adsorption/desorption process. The plots of Cinb/θ. Cinh 
yield straight line with nearly unit slope showing that the adsorption of PDTT can be fitted to Langmuir 
adsorption as presented in Fig. 4. Adsorption equilibrium constant (Kads) and free energy of adsorption 
(Gºad) were calculated using the relationships [35]: 
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                                                                                                    (7) 
 

                                                                                           (8) 
 

The value of 55.5 is the molar concentration of water in solution the values of adsorption equilibrium 
constant (Kads) and free energy of adsorption (Gºad). 
 

 
 

Fig. 4. Langmuir's isotherm plots for the adsorption of PDTT and on the surface of mild steel in 
20 % H2SO4 

 
The negative values of Gºad indicate spontaneity of the adsorption process and stability of the 
adsorbed layer on the metal surface. Literature reveals that with regard to energetic of the adsorption 
process: Two types of adsorption process had been established, physisorption (electrostatic 
interaction between the charged molecules and charge metal) in which the Gºad, is up to -20 kJ mol

-1
 

and chemisorptions (charge sharing or transfer from the inhibitor (adsorb ate) molecules to the metal 
surface to form co-ordinate bond) where theGºad is more negative than -40 kJ mol-1. 
 
The calculated standard free energy of adsorption Gºad in the case of PDTT is -37.38 kJ mol

-1
 

therefore, lower than -20 KJ mol-1. This indicates that the adsorption mechanism is neither typical 
physisorption nor typical chemisorptions, but it is complex mixed type that is the adsorption of the 
investigated 4-phenyl-1,2-dithiol-3-thione (PDTT) on the mild steel surface in 20% H2SO4 involves 
both physisorption and chemisorptions but chemisorptions is predominant mode of adsorption [34].  
 
4. CONCLUSION 
 
The studied 4-phenyl-1, 2-dithiol-3-thione (PDTT) cation shows remarkable inhibition properties for 
the corrosion of mild steel in 20% H2SO4 at 25ºC and the inhibition efficiency increases with 
increasing of the PDTT concentration. The inhibitor efficiencies determined by weight loss, Tafel 
polarization and EIS methods are in reasonable agreement. Based on the polarization results, the 
investigated (PDTT) can be classified as cathodic inhibitor. The EIS spectra are well described by a 
relatively simple structural model having only one time constant. The calculated structural parameters 
show increase of the obtained Rct values and decrease of the capacitance, Cdl, with PDTT 
concentration increase. It is suggested to attribute this to the increase of the thickness of the 
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adsorption layer a steel surface. The adsorption model obeys to the Langmuir adsorption isotherm 
and the negative value of the Gibbs free energy of adsorption (Gºad) indicates that the adsorption of 
the PDTT is a spontaneous process. High negative value suggests that the inhibitive effect of 4-
phenyl-1, 2-dithiol-3-thione (PDTT) is due to the formation of a chemisorbed film on the metallic 
surface and can be used as an excellent corrosion inhibitor for steel in acidic medium at room 
temperature. 
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ABSTRACT 
 

A spectrophotometric and thermodynamic method is described for the assay of glibenclamide. The 
method involves a charge transfer complexation reaction between glibenclamide with 2,3-Dichloro-
5,6-Dicyano-1,4-benzoquinone (DDQ) to form very intense coloured charge transfer complex having a 
stoichiometric ratio of 1:1. The resultant coloured product was analyzed at 474 nm under the 
optimized experimental conditions. Over the concentration range of 20-100 μg/ml, Beer - Lambert’s 
law was obeyed. The apparent molar absorptivity was calculated and found to be 0.99 × 10

3
 L.mol

-

1cm-1. The corresponding Sandell’s sensitivity, Limits of detection and quantification were reported. 
Also, the thermodynamic parameters were determined. The proposed method was applied 
successfully to the determination of glibenclamide in pure and commercial forms with good average 
recovery of 98.24%. Statistical comparison was done using student t-test and f-test at 95% confidence 
level. 
 
Keywords: Glibenclamide; spectrophotometry; thermodynamics; charge transfer; DDQ. 

 
1. INTRODUCTION 
 
1.1 Charge Transfer Complex 
 
The term charge transfer denotes a certain type of complex which results from interaction of an 
electron acceptor and an electron donor with the formation of weak bonds [1]. Charge Transfer (CT) 
complexes have been widely studied [2-7]. 2,3-Dichloro-5,6-Dicyano-p-benzoquinone (DDQ) is an 
oxidizing [8], dehydrating agent in synthetic organic chemistry as well as it is known for its 
interaction  with drugs having donor sites in their structures and form ion - pair charge transfer 
complexes which  offers a basis for quantification of drugs [9]. DDQ as π-electron acceptor often 
form highly coloured CT complexes with various donors which provides the possibility of 
determination of drugs by spectrophotometric methods [10]. 

 
1.2 Glibenclamide 
 
Glibenclamide chemically known as 5-chloro-n-[2-[4[(cyclohexylamino)carbonyl]-amino]sulphonyl] 
phenyl]-ethyl]-2-methoxy benzamide [11] is a second generation sulphonyl ureas antidiabetic drug 
used for the treatment of class II diabetes mellitus [12]. The literature survey shows that 
spectrophotometric methods have been employed for the determination of glibenclamide based on 
derivatization technique or coupling with another reagent [13,14], High pressure liquid 
chromatography methods are the most commonly used for the determination of glibenclamide.  
Fluorescence detection [15], Mass spectrometry [16], Thin layer chromatography [17], Voltametric  
method [18], Spectrofluorimetric method [19] have all been reported.  
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1.3 Justification of Study 
 
In the developing country like Nigeria. Drugs are easily adultrated because of the greed of man and  
crave for wealth. Fake and substandard drugs are usually common and sold commercially at the 
local markets. This has led to loss of lives. There is need to develop a simple and cost effective 
method for easy assay of drugs this will invariably reduce the mortality rate and save lives. 
 
1.4 Problem of Study 
 
Some of the methods reported are time consuming, costly and lacks sensitivity. Spectrophotometric  
technique have been reported to be the most preferred methods for routine analytical work due to 
their  simplicity and reasonable sensitivity with significant economic advantages [20].  
 

1.5 Aim and Objectives 
 
The aim of this work is to determine a method for the assay of glibenclamide that is fast, simple, 
sensitive and cost effective. The objectives of this research work are to: 
 

(i). Establish the extent of CT complex formation between Glibenclamide and DDQ 
(ii). Determine the optimum conditions that favours the CT complexes with respect to time, 

temperature and pH.  
(iii). Apply the spectrophotometric method in the determination of Glibenclamide 
(iv). Calculate the average recoveries of Glibenclamide in pure and commercial forms 
(v). Validate the proposed method using International Conference on Harmonization Guideline 

[21]  
(vi). Calculate the thermodynamic parameters 

 

2. MATERIALS AND METHODS 
 

2.1 Instrument 
 
All spectrophotometric measurements were carried out using a UV-1800 Schimadzu and 752W UV- 
Visible grating spectrophotometer with a silica glass cell of 1 cm thickness. 
 

2.2 Chemicals and Reagents 
 
All chemicals used were of analytical grade and were used as such. Pure glibenclamide and tablet (5 
mg) were supplied by Juhel Pharmaceuticals Nig. Ltd., Nigeria. 2,3-dichloro-5,6-dicyano-1,4- 
benzoquinone  (98% purity) was supplied by Sigma- Aldrich Chemie, Germany. 
 

2.3 Determination of optimum conditions for the formation of glibenclamide - DDQ 
complex 

 
3 ml solution of DDQ (0.001 g/ml) was made in methanol and the wavelength of maximum absorption 
was determined. 3 ml of glibenclamide (0.001 g/ml) was made in methanol and the wavelength of 
absorption was determined. A colour was developed by mixing 2 ml of DDQ (0.001 g/ml) solution in 
methanol with 2 ml of glibenclamide (0.001 g/ml) solution in methanol and the wavelength of 
maximum absorption for the resultant solution was determined. Another mixture with a 1:1 ratio of 
DDQ and glibenclamide were prepared and absorbencies were measured at different time and 
temperatures against a blank. Between pH 1-13, the effect of pH on the formation of glibenclamide-v 
DDQ complex was investigated. In addition, different concentrations of the complex were prepared 
and their absorbance measured at the detected optimum conditions against the blank prepared 
above. 
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2.4 Proposed General Procedure 
 

Transfer serial volumes of 0.036 ml to 0.4 ml in 0.04 step of the standard glibenclamide (0.001 g/ml) 
solution equivalent to 9.0 µg/ml-100 µg/ml into different test tubes. Add 0.2 ml each of buffer 2 into 
the set up with 2 ml of methanol. Add equal volumes of DDQ (0.001 g/ml) solution in methanol 
according to the stoichiometry of the drug and reagent. Mix the content and allow standing for 35 min 
at 40°C before analysis at 474 nm against a methanol blank. 
 

2.5 Determination of Association Constant, Molar Absorptivity, Free Gibbs Energy and 
Benesi- Hildebrand plot of Glibenclamide-DDQ Complex 

 

A constant volume of 0.4 ml of glibenclamide (1.0 × 10-3 M) was transferred into five different test- 
tubes and made up to 4 ml according to calculation. Varied volumes of (0.4, 0.6, 0.8, 1.0 and 1.2 ml) 
of 1.0 ×10-2 M of DDQ solution were added into the set-up containing the drug each to represent at 
least 10 fold in excess of the acceptor. The content was thoroughly mixed and left to stand for 35 min 
before  their absorbance were determined at 474 nm against a methanol blank at room temperature. 
Further  analysis of the reaction mixtures were done by subjecting them to temperatures of 40°C, 50°C 
and 60°C  using a thermo stated water bath. 

 

2.6 Assay Determination of Glibenclamide - DDQ Complex 
 

Two glibenclamide tablets were grounded on a mortar. An amount equivalent to 0.01 g was dissolved 
with some methanol, stirred to extract the active ingredient. It was filtered with Whatman no. 1 filter 
paper and later made up to 10 ml to give 0.001 g/ml theoretical concentration. Serial volumes similar 
to the one prepared for the above procedure were transferred to different test tubes and treated 
similarly before analysis at 474 nm against a methanol blank. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Absorption Spectra 
 

A 2,3-dichloro-5-6-dicyano-1,4-benzoquinone solution in methanol displayed an absorption peak at 
350 nm (Fig. 1). 
 

 
 

Fig. 1. Absorption spectra of DDQ 
 
Glibenclamide showed absorption peaks at 229 nm and 299 nm (Fig. 2). 
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Similarly, mixing the solutions of glibenclamide in methanol to a solution of DDQ in methanol forms a 
reddish brown colouration and causes a bathochromic shift in the absorption maxima to 474 nm         
(Fig. 3). 
 

 
 

Fig. 2. Absorption spectra of glibenclamide 
 

 
 

Fig. 3. Absorption spectra of glibenclamide - DDQ complex 
 

3.2 Stoichiometry of Glibenclamide -DDQ complex 
 
The mole ratio method [22] was used to establish the composition of the complex. Result indicates a 
1:1 complex formation between glibenclamide and DDQ at 474 nm (Fig. 4). Similarly, mixing the 
solutions of glibenclamide in methanol to a solution of DDQ in methanol causes a bathochromic shift 
in the absorption maxima to 474 nm (Fig. 4). A reddish brown colouration was observed upon the 
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complex formation. Earlier reports had suggested charge transfer complex formation as reason for 
such new absorption peaks [23]. In addition, charge transfer complex forming reactions occurs when 
л- acceptors reacts with basic nitrogenous compounds, acting as n
similarly observed at 418 nm in a reported work involving glibenclamide and bromocres
In addition, this ratio may be attributed to the fact that only one amino group present in the drug is 
responsible for the product formation.
 

Fig. 4. Mole ratio of the drug (Vd/Vr) (Where Vd and Vr are  the volumes of added 
Glibenclamide and DDQ respectively)
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complex formation. Earlier reports had suggested charge transfer complex formation as reason for 
[23]. In addition, charge transfer complex forming reactions occurs when 

acceptors reacts with basic nitrogenous compounds, acting as n-donors.  An absorption peak was 
nm in a reported work involving glibenclamide and bromocres

In addition, this ratio may be attributed to the fact that only one amino group present in the drug is 
responsible for the product formation. 

 
Fig. 4. Mole ratio of the drug (Vd/Vr) (Where Vd and Vr are  the volumes of added 

Glibenclamide and DDQ respectively) 
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donors.  An absorption peak was 
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3.3 Effect of Charge Transfer Complexation for the Determination of Glibenclamide in 
Different Solvents 

 
Glibenclamide was dissolved in different solvents by mixing solutions of glibenclamide in ethanol, 
chloromethane and ethylacetate with DDQ in methanol respectively (Fig. 5, Fig. 6 and Fig. 7). These 
showed peaks at 469 nm, 479 nm, 499 nm respectively. Comparing the wavelength of absorption of 
the complexes formed by glibenclamide and DDQ in different solvents shows that glibenclamide in 
ethylacetate had a greater shift which could be due to the polarity of the solvent. Glibenclamide in  
ethylacetate is considered to be the ideal solvent for the colour reaction as it offers solvent  capacity 
and gave the highest yield of the radical as indicated by high molar absorptivity values.The  
dissociation of the donor - acceptor complex has been reported to promote the ionizing power of the  
polar solvent, ethylacetate as a result of its high dielectric constant [25], however glibenclamide in 
methanol - DDQ in methanol solvent was chosen due to its availability and low cost.  
 

 
 

Fig. 5. Absorption spectra of glibenclamide in ethanol - DDQ in methanol complex 
 

 
 

Fig. 6. Absorption spectrum of glibenclamide in chloromethane-DDQ complex in methanol 
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Fig. 7. Absorption spectrum of glibenclamide in ethylacetate – DDQ complex in methanol 

 
 
3.4 Effects of Time on Glibenclamide - DDQ Complex 
 
The absorbances of complex were slightly stable for 30 min as was obtained by the plot of the 
absorbance against time (Fig. 8). The optimum reaction time required for complete colour formation 
monitored at room temperature was at 35 min. 
 

 
 

Fig. 8. Time of complex formation of glibenclamide complex 
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The plot of absorbance versus temperature for the glibenclamide - DDQ complex (Fig. 9) shows its 
maximum peak at 40°C, the effect of temperature on the formation and stability of the complex is 
easily seen from the result. Most reactions are faster when the operating temperature is increased. 
Increase in temperature has been equated to the increase in the collision of the reacting particles and 
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hence the rate of the reaction. The reaction was exothermic which reveals a great disorder, the 
combined changes in the enthalpy and entropy will lead to a large decrease in free energy, making 
the reaction spontaneous.  

 

 
 

Fig. 9. Effect of temperature on formation of Glibenclamide-DDQ complex 

 
3.6 Effect of pH Medium on Formation of the Glibenclamide -DDQ Complex 
 
Between pH 1-13, the effect of pH on the formation of glibenclamide - DDQ complex was investigated 
It is evident that the maximum is shown to be at pH 2 (Fig. 10), this indicates that the best medium for 
the formation of this complex is buffer 2. This is similar to the result gotten from a reported work 
involving Ampicillin and Cloxacillin which had its peak at pH 2 and was stable till pH 8 [26]. 
 

 
 

Fig. 10. Effect of pH on formation of glibenclamide -DDQ complex 
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3.7 Thermodynamic Studies 
 
Based on a 1:1 complex, the thermodynamic parameters were calculated. The association constant of 
glibenclamide complex was calculated from a single mathematical model: 
 

A + B = AB                                                (1) 
 
And by application of Ross and labels equation [27] which is modification of Benesi-Hildebrand 
equation [28]. 
 

          (2) 

 

Where [A] and [D] are the molar concentrations of the acceptor and donor respectively, and 

are the absorbance and the molar absorptivity of the complex at the specified  and K is the 

association constant of the charge transfer complex. The value of  and K were obtained graphically 

(Fig. 11) from the slope and intercept of a plot of   against  . 

 
To minimize error, the slopes and intercepts were determined by the method of least squares fit           
(Fig. 12). 
 

 
 
Fig. 11. Benesi plot at different temperatures for the formation of glibenclamide-DDQ complex 
 
The thermodynamic parameters were calculated and results are presented in Table 1. The 
association constants were found to decrease with increase in temperatures from 40°C to 60°C but at 
30°C, the omplex formed was not stable at lower temperatures. Decrease in association constant with 
increase in temperatures was seen in  an earlier preliminary study [29].  A negative free energy 
change and positive entropy change are indicative of a spontaneous reaction [30] as seen in Table 1. 
The interaction between glibenclamide - DDQ complexes occured spontaneously as shown by a 
negative ∆H

O
 reveals the spontaneity of the reaction. The value of ∆H

O
 and the high values of 

association constant is a pointer that the complexes formed were relatively stable. 
 

3.8 Validity of Beers law 
 
The least square fits of absorbance versus concentration for the glibenclamide - DDQ complex at 474 
nm is presented in (Fig. 13). Result follows a linear equation according to equation (3). 
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         (3) 

 
Where [D] is the concentration of glibenclamide in µg/ml. R

2
 has the value of 0.991.  This indicates 

that between the concentration ranges of 20µg/ml - 100µg/ml, Beer-Lambert’s law was obeyed. This 
ensures the possibility of determining the drug within this range of concentration. 
 

 
 

Fig. 12. Log k plot of glibenclamide - DDQ complex 
 

Table 1. Association constant, molar absorptivity, free energy, enthalpy and entropy changes 
for  the formation of the glibenclamide-DDQ complex 

 
K(M

-1
) 

 (Lmol-1 cm-1) 
Log k T (k) 1/T(k

-1
) 

  ∆G (J/mol) 
∆S°  (J/mol) 

9000 1111.1 3.9542 313 0.0032 -23.70       40.58 
5000 1000 3.6990 323 0.0031 -22.88       55.88 
3750 3333.3 3.5740 333 0.0030 -22.79       55.95 

∆ ͦ H =  36.40kJmol
-1

 
 

 
 

Fig. 13. Beer's plot for the formation of glibenclamide - DDQ complex 
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This is different from a reported work involving glibenclamide with linearity ranging between 5 -30 
µg/cm

3
 [31]. The limit of detection and quantification were calculated and found to be 3.47 and 10.5 

with Sandell sensitivity of 0.95 and molar absorptivity of 0.99 x 10
3 
mol

-1
cm

-1
. 

 
3.9 Recovery studies on the formation of glibenclamide-DDQ complex 
 
Table 2 reveals that the percentage recovery of glibenclamide was found to be 98.24% ± 0.011.  The 
relative standard deviation in Table 3 indicates the precision and reliability of the proposed method 
with a t-test value of 0.71 and f-test value of 0.95 at 95% confidence level which does not differ 
variably from an earlier report [32]. 

 
Table 2. Application of the proposed method for the assay of glibenclamide 

 
Conc. 
(µg/ml) 

Extrapolated 
Conc. (µg/ml) 

a Recovery 
(%)  

R.S.D (% ) F -test T -test 

20 19.22 96.14 0.07 0.97 0.71 
40 40.72 101.8 0.03   
60 52.57 87.62 0.02   
80 84.77 105.96 0.01   
100 99.68 99.68 0.005   

a
Average of five independent analyses 

 

4. CONCLUSION 
 
The proposed spectrophotometric method for the determination of glibenclamide is simple, rapid, 
accurate and economical as compared to all the methods used previously. The proposed method               
has been validated and successfully applied for the determination of glibenclamide with good 
accuracy of 98.24% ± 0.011. Hence the proposed method is good for the quantitative analysis of 
glibenclamide. 
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ABSTRACT 
 

The elucidation of Bombax brevicuspe wood was analysed for thermal and physico-chemical 
techniques. The results obtained were as follows: afterglow time 253.67 sec, flame duration 113.33 
sec, flame propagation rate 20.3x10-2cm.s-1, ignition time 2.33 sec, thermal conductivity 
51.34x10

2
Umoh/cm, electrical conductivity 5.3x10

-3
Sm

-1
, ash content 3.4%, moisture content 29.97%, 

oven dry density 22.3x10-2 g.cm-3, water imbibitions (at different time intervals: 30 mins 46.6%, 5hrs 
87.6% and 24 hrs 148.9%), etc, Thin Layer Chromatographic (TLC) analysis gave Retardation factor 
(Rf) value of 0.62 in the chloroform-methanol extract. The phytochemical screening showed the 
presence of all the tested secondary metabolites except steroids which indicated its therapeutic 
ability. The Fourier Transform Infrared (FTIR) and Ultraviolet (UV) spectra suggested that the active 
compound might be 1,2,3-trisubstituted aromatic compound with C=O, O-H and C=N groups attached. 
The chemical components analysis showed the presence of cellulose 43%, hemicelluloses 20%, 
lignin 29% and other constituents in their right proportion. From the results, Bombax brevicuspe wood 
could be used for various construction purposes and it also poses some medicinal ability due to the 
presence of secondary metabolites. 
 
Keywords: Bombax brevicuspe; tropical timber; thermal characteristics; phytochemical and functional 

groups. 
 

1. INTRODUCTION 
 
Wood is one of the most important natural and endlessly renewable sources of energy which has a 
major future role as an environmentally cost-effective alternative to burning fossils fuel. Wood energy 
is gradually penetrating the new energy markets of industrialized countries as a clean and locally 
available source of energy [1]. The major role of wood is not only the provision of energy but also the 
provision of energy-sufficient material for our buildings and many other products. In addition, 
developing wood cells represents one of the most important sinks for excess atmospheric carbon (iv) 
oxide, thereby reducing one of the major contributors to global warming [2]. Timber for construction is 
one of the many forest products used around the world [3].  
 

It is the fifth most important product of the world trade. Vast quantities of wood are logged by foresters 
to provide fuel, fibres (for pulp, paper products and boards) and sawn timbers as commodities [2]. The 
size of a tree varies with the climate, the depth and type of soil in which it grows [4]. Environmental 
factors with a direct impact on plant performance (e.g., temperature and nutrients) should be preferred 
to indirect factors (e.g., elevation and geology), because direct factors are ecologically more 
comprehensible and have a larger spatial applicability [5,6]. The complex chemical make-up                 
of wood (cellulose, hemicelluloses, lignin and pectins) also makes it an ideal raw material for              
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“ligno-chemical” industry. That could replace the petrochemical industry in providing not only plastic 
and all kinds of chemical products but also food and textile products [2]. The quality of timber depends 
on its heat resistance, density, moisture content, and susceptibility to insect attacks, workability, 
grains, colour, porosity and capacity to take polish and vanish [7]. In Nigeria, over 4600 plant species 
and 350 timbers have been identified [7,8] 
 
Bombax brevicuspe is a plant that belongs to the Bombacaceae family with its common names as silk 
cotton tree, simal red cotton tree, bombax in Chinese also known as mumian meaning tree cotton. It is 
a tall tree of rainforest, 120 ft high with straight bole and small butresses, deciduous, white petals 
fragrant and fores as habitat. In Nigeria, its Igbo name is akpudele, awori in yoruba and kurya in 
Hausa [9,10]. Bombacaceae, the bombax or kapok family of flowering trees and shrubs, in the mallow 
order (Malvales), comprising 27 genera [11].  Bombax is a genus of mainly tropical trees in a mallow 
family, they are native to Western Africa, Indian subcontinent, South East Asia, as well as sub-tropical 
regions of East Asia and Northern Australia, distinguished from the genus Ceiba which has white 
flower [9]. There is dearth of information on the wood of Bombax brevicuspe, as a result, some 
thermal and variable properties, chemical constituents, phytochemical and functional group assay of 
the wood were investigated.  
 

2. EXPERIMENTAL 
 

2.1 Sample Collection and Identification 
 

Bombax brevicuspe timber used for this work was collected from timber shed at Ikom in Ikom Local 
Government Area of Cross River State, the southern part of Nigeria. It was identified by timber dealer, 
forest officer and confirmed by literature [12]. 
 

2.2 Sample Preparation 
 
The timbers were dried in an oven at 105°C for 24 hours before the experiments. Some samples were 
cut in a saw mill into two different shapes and sizes; splints of dimensions 30 x 1.5 x 0.5 cm and 
cubes of dimensions 2.5 x 2.5 x 2.5 cm. Some were ground into powder and then stored in a covered 
plastic container for analysis. 
 

3. METHODS 
 

3.1 Solubility Analysis 
 

The sample solubility was determined by placing 1 g of the sample powder into nine different 250 cm3 
Kjeldahl flasks. 20 cm

3 
of different solvents which include cold water, hot water, 1.0M dilute 

tetraoxosulphate (IV) acid, 1.0M dilute hydrochloric acid, concentrated tetraoxosulphate (IV) acid, 
concentrated hydrochloric acid, 1% sodium hydroxide, ether and ethanol was added separately to 
each flask. The mixture was allowed to stand for two hours and later boiled gently in a fume cupboard 
for one hour, to determine their solubility properties. 
  

3.2 The Thermal and Physical Characteristics 
 

Three oven dry splints of the sample were separately used for the determination of afterglow time, 
flame duration, flame propagation rate and ignition time. Three 2.5 cm cubes of the sample were 
separately used for the determination of oven dry density, moisture content, water imbibitions and 
electrical conductivity while the sample dust was used for the determination of ash content, thermal 
conductivity, elemental contents, specific gravity, charring temperature and destructive distillation of 
the wood sample. All were variously deterrmined using American Society for testing and material 
(ASTM) methods [13,14,15]. At the end of the each analysis, the average obtained values from the 
three samples were recorded as results. 
 

3.3 The Microelement Composition 
 

In determination of trace metal elements, the method used was atomic absorption spectrophotometer 
(AAS) model PG 990 manufactured by PG instrument Ltd U.S.A. 
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3.4 The Phytochemical Compounds 
 
The following secondary metabolites: Resins, steroids, terpenoids, tanins, alkaloids, saponin, 
flavonoids, glycosides, phlobatannins, carbohydrate and protein were qualitatively and quantitatively 
determined using the sample dust by the various methods outlined by Harbone [16]. 
 

In determining the hydrogen ion concentration (PH), the method outlined by Amadi et al. [17] was 
used. It was done using electrical PH meter PHS-25 made by Life Care England. 
 

3.5 The Chemical Constituents 
 
Lignins, hemicellulose, cellulose, crude fibre, crude protein, carbohydrate, phenol and destructive 
distillation of the wood products were quantitatively determined using the sample dust by the various 
methods outlined by Goering, Vansoest, Oakley and Marzieh [18,19,20].   
 

3.6 The Functional Group Analysis 
 
The TLC, Fourier Transform Infrared and Ultraviolet Spectroscopic methods were used for the 
determination of functional group present in the sample using the sample chloroform-methanol 
extracts. 
 

4. RESULTS AND DISCUSSION 
 
4.1 Results 
 
The results obtained are as presented in Tables 1-7. 
 

Table 1. Solubility property of Bombax brevicuspe 
 

Solvents Results 
Hot and cold water Insoluble 
1.0M Dilute H2SO4 Slightly Soluble 
Concentrated H2SO4 Slightly Soluble 
Concentrated H2SO4 + heat Soluble 
1.0M Dilute HCl  Insoluble 
Concentrated HCl Insoluble 
Concentrated HCl + heat Slightly Soluble 
1% NaOH Insoluble 
Ethanol Insoluble 
Diethyl ether Insoluble 

 
4.2 Discussion 
 
Table 1, indicated that Bombax brevicuspe wood powder was insoluble in hot and cold water, ethanol, 
sodium hydroxide, diethyl ether, dilute HCl and concentrated HCl. Slight solubility was detected with 
heated concentrated HCl, diluted H2SO4 and concentrated H2SO4. The sample only dissolved in a 
high temperatured concentrated H2SO4. This is in-line with Petterson (2007) who stated that woods 
are highly resistance and non degradedable by chemicals, though the chemicals can extract some 
extraneous materials from the wood. The solubilty result showed that Bombax brevicuspe wood could 
only dissolve in hot concentrated H2SO4 acids. 
 
Table 2, showed that Bombax brevicuspe wood had low afterglow time of 253.67 sec (less than five 
minutes) which made it less hazardous in fire situations because it wouldn’t glow long enough for 
rekindle to take place. Its flame duration, flame propagation rate and ignition time values indicated 
that it can moderately sustain combustion. Water imbibitions values at 30 mins 46.6%, 5 hrs 87.6% 
and 24 hrs 148% intervals showed the capacity of Bombax brevicuspe timber to absorb water over a 
period of time [21]. The oven dry density which is the best single criterion of strength and ash content 
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values are in line with the ascertain of Desch and Dinwoodie [22] which stated that denser and small 
ash content timbers are suitable in their use as a source of carbondioxide for internal combustion 
engine. The ash content value of 3.4% also indicated the presence of some essential mineral 
elements which is evident in Table 3. The result also showed a high moisture content value of 33.3% 
which is in-line with Arntzen [23] who stated that, the fiber saturation point usually varies between 21 
and 28%. Wood gains and losses moisture as change occurs in the temperature and humidity of the 
surrounding air. Decrease in moisture content of a wood affects the weight dimensions and strength 
of the wood and as well affects both the physical and mechanical properties of wood, depending on 
whether the moisture content is above or below the fiber saturation point. The sample also showed 
good specific gravity which is a measure of their density and strength. According to Panshin and 
Dezeeuw [24], increase in specific gravity increases strength properties because internal stresses are 
distributed among more molecular material. As a result, wood with high specific gravity has high wood 
strength and high physical and mechanical properties. While those with low specific gravity will have 
low wood strength and their physical and mechanical properties will be affected too [24]. David et al. 
[15] explained that specific gravity of wood is based on oven dry weight of the wood and also reflect 
the presence of gums, resins and extravites which contribute little to mechanical properties. 
 

Table 2. Thermal and physical characteristics of Bombax brevicuspe 
 

Parameters Units Results 

Afterglow time Sec 253.67 
Flame duration Sec 113.33 
Flame propagation rate cm.s

-1
 20.3 x 10

-2
 

Ignition time Sec 2.33 
Over dry density g.cm

-3
 22.3 x 10

-2
 

Ash content % 3.4 
Thermal conductivity Umoh/cm 51.34 x 10

2
 

Electrical conductivity Sm-1 5.3 x 10-3 
Moisture content % 29.97 
30 mins water imbibitions % 46.6 
5 hrs Water imbibitions % 87.6 
24 hrs water imbibitions % 148.9 
Specific gravity  0.23 
Porosity index % 1.25 
PH  6.0 
Charring temperature °C 81 - 92 
Wood charcoal (g) 2.5 
Colour  Sandy brown 

 
Table 3. Micro elemental composition % of Bombax brevicuspe 

 

Zinc 0.05 

Lead 0.08 

Cadmium 0.003 

Copper 0.01 

Sodium 1.07 

Calcium Nil 

Magnesium 0.07 

Potassium 0.08 

Arsenic 0.02 

Mercury 0.01 
 
Wood, a thermally degradable and combustible material has its charring as a primary factor that 
determines the load-carrying capacity of wood in high temperature environment. Bombax brevicuspe 
with high charring temperature of 81-92°C has high ability of load-carrying capacity in high 
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temperatured environment. The porosity index result indicated the presence of pore spaces in the 
wood. Pore spaces are filled with either water or air. Smaller pores tend to be filled with water are 
referred to as capillary porosity while large pores are typically filled with air and are referred to as non-
capillary porosity. The porosity index and water imbibition at different intervals results give good 
estimate of the sample particle compactness and absorptivity [24]. The results showed that Bombax 
brevicuspe is a hardwood that could be very good for construction and other purposes. 
 
Atomic Absorption Spectrophotometric analysis (Table 3) showed the presence of copper, 
magnesium and potassium which are involved in body enzymatic activities. Potassium also is 
necessary for proper functioning of the heart, kidney and muscles. Sodium helps in P

H
 balance of 

body fluids while zinc is essential for the activity of DNA polymerases, nucleic acid metabolism and 
cell division

 
[25,26,27,28], arsenic, lead, mercury and cadmium were also present while calcium was 

absent. 
 

Table 4. Phytochemical composition of Bombax brevicuspe 
 

Class of phytochemical compound Inference 

Alkaloids ++ 

Flavonoids ++ 

Resins + 

Saponin  +++ 

Steroids  - 

Terpenoids ++ 

Tannin ++ 

Carbohydrate ++ 

Protein + 

Glycoside + 
Key +++ - highly present 
 ++   - moderately present 
 +     - slightly present 

-      - absent 
 

Table 5. Results of quantitative chemical constituents of Bombax brevicuspe 
 

Chemical constituents Units Results 

Lignins % 29.0 

Hemicellulose % 20.0 

Cellulose % 43.0 

Crude fibre % 6.2 

Crude protein % 1.55 

Carbohydrate Mg/g 1.62 

Phenol Mg/g 4.46 

Tannin Mg/100g 920 

Alkaloids % 5.6 

Flavonoids % 8.0 

Saponins % 10.2 

Oxalate g/100g 2.92 

Total acidity g/100cm
3
 0.33 

Cyanogenic glycoside Mg/100g 356 

Lipid % 6.8 

Pyroligneous acid cm
3
 1.75 

Wood tar cm3 0.2 

Wood gas cm
3
 840 
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Table 6. Thin layer chromatographic characteristics of the extract 
 

Sample Number of spot Rf value 
Chloroform-methanol extract 1 0.62 

 
Table 7. Fourier Transformed Infrared and Ultraviolet Spectra for Bombax brevicuspe 

Chloroform – methanol extract 
 

Wave number (cm
-1

) Suspected chromophores 

3410.26 O-H stretch for alcohol, phenol and carboxylic acid. 

2958.90 C-H stretch for alkanes and aromatics. 

2842.20 C-H stretch for alkanes 

2511,40 C=N stretch for nitriles 

1651.12 C=O stretch for ketones, acid amides and esters. 

1408.08 C=C stretch for alkenes and aromatics 

1108.14 C-O stretch for alcohols, carboxylic acids and esters 

1020.38 C-H deformation bonds for alkyl groups. 

    max   366.50 and 744.50 Indicating highly conjugated trisubstituted aromatic compound 
 
The phytochemical screening result (Table 4) showed the presence of alkaloids, flavonoids, resins, 
saponin, terpernoids, tannin, protein, glycosides, carbohydrate and absence of steroid. The medicinal 
values of medicinal plants lie on these phytocompounds and as such produce definite physiological 
actions in human body. The alkaloids content showed that it can be used as antimycotics and also in 
the treatment of stomach pains [20]. It has been reported that Flavonoids exhibit an anti-inflammatory, 
anti-allergic effects, analgesic and anti-oxidant properties [19]. Saponin has been found to be anti 
carcinogenic, cholesterol reducer and anti-inflammatory substance. Resins are valued for their 
chemical properties and associated uses as the product of varnishes, adhesives and food glazing 
agents. Protein indicated high nutritional value of the extract, therefore can help in physical, mental 
growth and development [18] Tanins are also reported to exhibit anti-inflammatory, gastritics control, 
irritating bowel disorders and antimicrobial power which heals wounds and stop bleeding [29]. 
Terpenoids are associated with anti-cancer and also play a role in traditional and alternative medicine 
such as aromatherapy, antibacterial and other pharmaceutical functions. Resins are valued for their 
chemical properties and associated uses as the product of varnishes, adhesives and food glazing 
agents. The high carbohydrate content of the sample extract showed that it is a good source of 
energy. Protein indicated high nutritional value of the extract, therefore can help in physical, mental 
growth and development [30]. The high protein and carbohydrate contents indicate its potency in 
animal feed formulation.   

 
From the results obtained from Quantitative Chemical Constituents of Bombax brevicuspe (Table 5) 
the sample contained 22% of lignin, 40% of cellulose, 28% of hemicelluloses, etc which help to 
confirm that the sample is a hard wood. Lignin contributes 20-25% of hardwood. It is largely 
responsible for the strength, rigidity of plant and shields carbohydrate polymers from microbial and 
enzymatic attack. Cellulose, a major chemical component of wood fibre wall, contributes 40-50% of 
hardwoods dry weight. Hemicellulose is a group of carbohydrate biopolymers that exist in close 
association with cellulose in the plant cell wall but it is less complex and easily hydrolysable 
[22,31,23,32]. The destructive distillation of Bombax brevicuspe gave rise to four products in the 
following compositions; wood charcoal (2.5 g), pyroligneous acid (1.75 cm3), wood tar (0.2 cm3) and 
wood gas (840 cm

3
). As wood reaches elevated temperatures, the different chemical components 

undergo the thermal degradation that affects the performance of wood [33]. Crude fiber indicates the 
level of indigestible component of food. Low crude fiber content shows that the sample has high 
nutritional value [34]. There depicts low oxalate content (2.92 g/1009) in the analyzed sample. Foods 
high in oxalate causes inflammation, pain and burning, irritation of tissue and mucous membranes 
and contribute to the formation of calcium oxalate kidney stones [35]. The high lipid content of 6.80% 
in Bombax brevicuspe wood proves energy storage capacity in the structural component of the 
sample’s cell membrane [36,37,38]. 
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The thin layer chromatography of the extract (Table 6) showed one component with Rf value of 0.62 
when chloroform-methanol extract was spotted. The TLC result confirmed its high purity and presence 
of some components shown in the FTIR and UV results explained below. 
 
The FTIR and UV results of the analysed sample chloroform methanol extract (Table 7) revealed 
strong absorption at 3410 cm-1, which indicated the presence of alcohols, carboxylic acids and 
phenols. The absorption at

 
2958 cm

-1
, 2511 cm

-1
 and 1651 cm

-1 
showed the presence of alkanes, 

nitriles, amides and esters. The presence of  C=C, C-O and C-H  for carbon bond in alkenes and 
aromatics, keto attached to benzene ring and deformation bonds for alkyl groups were shown by 
absorption at 1408 cm

-1
, 1108 cm

-1
 and 1020 cm

-1
 respectively. This suggested that the active 

compound might be 1,2,3-trisubstituted aromatic compound with C=O, O-H and C=N groups attached. 
 

5. CONCLUSION 
 
It was observed from the results of the various analyses that the wood from Bombax brevicuspe’s 
stem could be useful in animal feed formulation, serve as a good material for various construction 
works, contained some bioactive compounds and be used in the cure and management of various 
diseases. Moreover, the complex chemical makeup of the timber showed the presence of cellulose, 
hemicelluloses, lignin and other components in the right proportion which confirmed the efficacy of 
Bombax brevicuspe stem as a tropical timber.  
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ABSTRACT 
 

Nanotechnology has potential to create many new materials and devices with wide range of 
applications in medicine, electronics and energy production etc. Blending technique is applied for 
production of new polymeric materials. As Cellulose acetate is cellulosic, non-toxic, non-allergic 
biocompatible, biodegradable, hydrophilic, soft, smooth, transparent, highly flexible, good chemical 
resistant, thermoplastic moulding material, it is used in industrial, biochemical and biomedical 
applications. In the present investigation, SEM and mechanical analysis of Cellulose acetate and 
Polystyrene nano films have been studied in accordance with the change in composition of polymer 
over a wide range of concentrations and temperatures. Super plasticity has been observed at low 
temperatures and at higher strain rates in nano crystalline materials. Mechanical properties of 
Cellulose acetate and Polystyrene nano films have been studied. Phase morphology of nano 
membranes have been studied by SEM. SEM studies were also performed to estimate pore size 
distribution of the support polymer. Nano structured ceramics readily interact with bone cells and have 
been applied as implant materials. The present investigation indicates the compatibility of Polymer 
blends may be studied by SEM and Mechanical analysis. It is clear that there is a distinct phase 
separation in the membranes at compositions of 50:50 of Poly styrene-Cellulose acetate. Poly 
styrene-Cellulose acetate blends show maximum values of stress and tensile strength at higher 
concentration of cellulose acetate. 
 
Keywords:  Polymeric materials; blending technique; cellulose acetate; polystyrene; SEM analysis; 

phase morphology. 
 

1. INTRODUCTION 
 
In recent years, nanotechnology has become one of the most important and exciting forefront fields in 
Physics, Chemistry, Biology, Engineering and Technology. Nanotechnology is the design, 
characterization, product and application of structures, devices and systems by controlling shape and 
size at the nanometer scale. Nanotechnology is commonly considered to deal with particles in the size 
range < 100 nm, and with the nanomaterials manufactured using nanoparticles [1]. Nanotechnology is 
the study of phenomenon and manipulation of materials at atomic, molecular and macromolecular 
scales, where properties differ significantly from those at a larger scale. 
 
Characterisation of nanomaterial and nanostructures has been largely based on surface analysis 
technology and conventional characterisation methods developed for bulk material Fabrication of 
nanomaterials has been done by different physical, chemical, and mechanical methods that used 
temperature, pressure, and phase transformation to create nanostructures that have greatly enhanced 
devices, due to their revolutionized electronic, magnetic, opto electrical, and sensing capabilities [2,3]. 
Producers of polymeric materials have strong economic incentives to solve technical problems and 
upgrade their products by working with existing materials Polymer blending technique has been 
considered a convenient and best route for modification of properties for the development of new 
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polymeric materials with a wide range of properties as blending is less expensive method and its 
relative freedom from the patent coverage and enforcement compared to the synthesis of new homo 
polymers and co-polymers [4-7]. The improvement of the physical and mechanical properties of the 
blend mainly depends on the extent of adhesion at the interphase and how fine the dispersion is of 
one phase into other [4,5,8-10]. 
 
The polymer blends are physical mixtures of structurally different polymers which interact with 
secondary forces with no covalent bonding and have assumed a very important status scientifically 
and technologically. Polymer blends are physical mixtures of structurally different polymers or 
copolymers which interact with secondary forces with no covalent bonding [11] such as hydrogen 
bonding, dipole-dipole forces, and charge-transfer complexes for homo polymer mixtures [12-15]. The 
polymer blends offer property, cost and processing advantages in their applications. Compatibility of 
polymers has been one of the important areas in the field of polymer science and technology [4,5,16-
18]. Many experimental and theoretical methods [5,7] have been used to investigate the polymer-
polymer miscibility and the interaction between the polymers [19-22]. 
 
In the present studies the scanning electron microscopic and mechanical analysis of Cellulose acetate 
(CA) and poly styrene (PS) nanofilms have been studied in accordance with the change in 
composition of polymer over a wide range of concentrations and temperatures. 
 

2. EXPERIMENTAL 
 
The grades of polymers used in the present investigation were Poly Styrene (PS) (BDH, England) and 
Cellulose Acetate (CA) (Aldrich, USA). The molecular weights are 1.0 × 10

5
 and 1.6 × 10

5
. The 

solvent 1,4-dioxane used was of BDH origin and of AR grade. 
 

2.1 General Procedure 
 
Poly blending: Poly (styrene) and Cellulose acetate blends with compositions of 0/100, 12.5/87.5, 
25/75, 37.5/62.5, 50/50, 62.5/37.5, 75/25, 87.5/12.5 and 100/0 were prepared. 
 

2.2 Detection Method 
 
2.2.1 Film casting 
 
Solutions of polymer blends of different compositions were used for casting of films of the desired 
thickness on a clean glass plate. The solvent was evaporated at room temperature for ten hours and 
then the plate was kept under vacuum at 60ºC for complete removal of the solvent. The thickness of 
the dry membranes was measured with a micrometer (Mituotoyu, No. 2109-10, Japan with an 
accuracy of ± 1 µm) and flakes of the films were used in the experiments. 
 
2.2.2 Scanning Electron Microscopy (SEM) 
 
The SEM studies of the films were carried out using Scanning Electron Microscope (Model Hitachi S-
520). 
 
2.2.3 Mechanical studies 
 
Mechanical studies were performed by Instron (Model AGS-10KNG, Shimadzu, Japan). 
 

3. RESULTS AND DISCUSSION 
 

3.1 Scanning Electron Microscopy 
 

Phase morphology characterization for the Poly(styrene)-Cellulose acetate blend systems of 
compositions Poly(styrene)/Cellulose acetate 0/100, 12.5/87.5, 25/75, 37.5/62.5, 50/50, 62.5/37.5, 
75/25, 87.5/12.5 and 100/0, respectively has been done by SEM microscopic analysis. 
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From micrograph (Fig. 1) it is clear that Cellulose acetate rich phase shows homogeneity as it is 
completely miscible. With increase in the percentage composition of Polystyrene in the blend system 
formation of voids in the Cellulose acetate matrix starts by the addition of hard, rigid and crystalline 
Poly styrene as in Figs. 2 and 3. The heterogeneity of Polystyrene/ Cellulose acetate 50/50 is clearly 
seen by the microscopic observation which may be due to the formation of Polystyrene domains (Fig. 
4). The increase in the weight percentage of Polystyrene causes "optical heterogeneity" as the 
formation of Polystyrene domains starts aggregating which is shown in the photomicrographs (Fig. 5). 
At the high composition range of Polystyrene i.e., in Polystyrene/Cellulose acetate 100/0 blend 
homogeneity appears due to the presence of uniformly distributed highly transparent pure Polystyrene 
matrix transmission about 90% of visible light with high refractive index of 1.59 (Fig. 6). 
 

From the microscopic examination of Polystyrene-Cellulose acetate blend system of various 
compositions it is evident that the cast films are found to be transparent and slightly yellowish. The 
transparency of the films at higher concentrations shows compatible nature of the system while the 
yellow colour at lower concentrations indicates the specific interactions between the constituent 
polymers. The yellow colour of films intensifies with concentration of cellulose acetate. The 
heterogeneity indicating the two phase morphology confirms that the Polystyrene-Cellulose acetate 
blend system is incompatible at all concentrations. SEM study found to be useful in the compatibility 
analysis of the polymer blend [23,24]. 
 

 
 

Fig. 1. SEM micrographs of Polystyrene-Cellulose acetate blends of various compositions 
Polystyrene/Cellulose acetate 0/100 

 

 
 

Fig. 2. SEM micrographs of Polystyrene-Cellulose acetate blends of various compositions 
Polystyrene/Cellulose acetate 12.5/100 
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Fig. 3. SEM micrographs of Polystyrene

compositions Polystyrene/Cellulose acetate 37.5/62.5

 
Fig. 4. SEM micrographs of Polystyrene

compositions Polystyrene/Cellulose acetate 50/50
 

 
Fig. 5. SEM micrographs of Polystyrene

compositions Polystyrene/Cellulose acetate 87.5/12.5
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micrographs of Polystyrene-Cellulose acetate blends of various 
compositions Polystyrene/Cellulose acetate 37.5/62.5 

 

 

Fig. 4. SEM micrographs of Polystyrene-Cellulose acetate blends of various 
compositions Polystyrene/Cellulose acetate 50/50 

 

SEM micrographs of Polystyrene-Cellulose acetate blends of various 
compositions Polystyrene/Cellulose acetate 87.5/12.5 
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Fig. 6. SEM micrographs of Polystyrene
compositions Polystyrene/Cellulose acetate 100/0

 

3.2 Mechanical Studies 
 
The various mechanical properties studied on a series of films of Poly blends of Polystyrene
Cellulose acetate system at various compositions are tabulated (Table 1).
 
It is observed from the table that Polystyrene/Cellulose acetate blends show higher values of strain 
and the percentage of elongation when the percentage composition of Poly blend 
Polystyrene/Cellulose acetate is 25/75. It shows maximum values of stress an
higher concentrations of Cellulose acetate 
due to the following reason. In thermoplastic Polystyrene, the intermolecular forces and the barriers to 
rotation about C-C bonds are greater than in the rubbers or elastomeric polymers. These increased 
forces may rise because of bottom molecular packing and a high degree of crystallinity by the 
presence of side chains and increased steric forces. In Cellulosic plastic, Cellulose aceta
bond forces contribute to the intermolecular cohesion.
 

 
Fig. 7.  Stress-Strain relationship of Polystyrene

 
The stress-strain curve of Polystyrene
confirms that the Poly blend with maximum percentage composition of Cellulose acetate is highly
amorphous, soft and tough. With increase in percentage composition of Polystyrene, the strength of 
the film decreases and becomes hard and
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Fig. 6. SEM micrographs of Polystyrene-Cellulose acetate blends of various 
compositions Polystyrene/Cellulose acetate 100/0 

The various mechanical properties studied on a series of films of Poly blends of Polystyrene
Cellulose acetate system at various compositions are tabulated (Table 1). 

It is observed from the table that Polystyrene/Cellulose acetate blends show higher values of strain 
and the percentage of elongation when the percentage composition of Poly blend 
Polystyrene/Cellulose acetate is 25/75. It shows maximum values of stress and tensile strength at 
higher concentrations of Cellulose acetate i.e., 12.5/87.5 Polystyrene/Cellulose acetate. This may be 
due to the following reason. In thermoplastic Polystyrene, the intermolecular forces and the barriers to 

e greater than in the rubbers or elastomeric polymers. These increased 
forces may rise because of bottom molecular packing and a high degree of crystallinity by the 
presence of side chains and increased steric forces. In Cellulosic plastic, Cellulose aceta
bond forces contribute to the intermolecular cohesion. 

Strain relationship of Polystyrene-Cellulose acetate blends of various 
compositions 

strain curve of Polystyrene-Cellulose acetate blends of different compositions (Fig. 7) 
confirms that the Poly blend with maximum percentage composition of Cellulose acetate is highly
amorphous, soft and tough. With increase in percentage composition of Polystyrene, the strength of 
the film decreases and becomes hard and brittle as Polystyrene is susceptible to photo oxidative 
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degradation which results in brittleness. So Poly blends with compositions Polystyrene/ Cellulose 
acetate 12.5/87.5 and 25/75 are hard and brittle whereas 37.5/62.5 is of hard and strong. In 
Polystyrene there is little yielding and fracture occurs at low strains. Polystyrene is namely considered 
brittle polymer at room temperature because it fractures in a tensile test run at normal speed after an 
elongation of only 1.5 % or so and has low impact strength. However, if similar tests are tested at 
temperature above 100ºC, they show ductile behaviour and have high impact strength and high 
extensibility. 
 

Table 1. Mechanical studies of films of PS-CA blends of different compositions 
 
Compositio
n 
of PS-CA 
blends 

Max-
load 
(Stress) 
(N) 

Max. Disp. 
(strain) (mm) 

Tensile 
strength 
(N/mm

2
) 

Max-
strain 
(%) 

Break-load 
(N) 

Break-
disp 
(mm) 

Break-
stress 
2 
(N/mm ) 

Percentage 
of 
elongation 
(N/mm2) 

(1)12.5/87.5 31.2625 0.68400 6.56775 6.84000 30.8500 0.67600 6.48109 6.76000 
(2)25/75 27.3125 0.99200 5.75000 9.92000 26.9375 0.98400 5.67105 9.84000 
(3)37.5/62.5 6.3125 0.45900 2.86932 4.59000 6.31250 0.45900 2.86932 4.59000 
Mean 21.6291 0.71167 5.06236 7.11667 21.3666 0.70633 5.00715 7.06333 

 

4. CONCLUSION 
 
The present investigation indicates the compatibility of Polymer blends may be studied by SEM and 
Mechanical analysis. It is clear that there is a distinct phase separation in the films at compositions of 
50:50 of Polystyrene-Cellulose acetate. Polystyrene-Cellulose acetate blends show maximum values 
of stress and tensile strength at higher concentration of Cellulose acetate. The stress-strain curve of 
Polystyrene-Cellulose acetate blends of different compositions (Fig. 7), confirm that the Polymer blend 
with maximum percentage composition of Cellulose acetate is highly amorphous, soft and tough. 
Cellulose acetate films are flexible, highly glossy and good elongation at break. With increase in 
percentage composition of Polystyrene, strength of the film decreases becomes hard and brittle as 
Polystyrene is susceptible to photo oxidative degradation which results in brittleness. Super plasticity 
has been observed at low temperature and at high strain rates in non-crystalline materials. Bio 
sensitive nano-particles have been used to tagging of DNA and DNA chips. Nano-structured ceramics 
readily interact with bone cells and have been applied as implant materials. 
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ABSTRACT 
 

Aims: The study was designed to investigate the antioxidant and membrane stabilizing potentials of 
the leaf of Globimetula oreophila, with a view to providing scientific support for the acclaimed 
ethnomedicinal or traditional uses of the plant. 
Methodology: The study involved collection, identification, drying, pulverizing, extraction and 
fractionation of extracts of the dried leaves of G. oreophila. Anti-inflammatory and antioxidant activities 
of the extracts and fractions were evaluated using red blood cell membrane stabilization technique, 
while assays (2,2-diphenyl-1-picrylhydrazyl hydrate, nitric oxide, total antioxidant capacity and ferric 
reducing antioxidant power).  
Results: The results revealed that the extracts and the fractions of G. oreophila exhibited potent 
antioxidant activities. Fraction 1 of the methanol extract exhibited the highest antioxidant activity with 
IC50 of 45.83 ± 0.13 µg/ml while fraction 7 of the same extract was the most potent in stabilizing 
stressed red blood cells having 100±0.00% membrane stability. The activities of both the fractions and 
the extracts of G. oreophila compared favourably with the standard antioxidant and anti-inflammatory 
drugs. Moreover, the activities of the fractions and extracts are concentration dependent. 
Conclusion: The study revealed that the extracts and fractions of G. oreophila possess and exhibit 
anti-inflammatory and antioxidant activities which were concentration dependent and compared 
favourably with those of nonsteroidal anti-inflammatory drugs. On the basis of these results, it could 
be inferred that the extracts and the fractions of G. oreophila contain principles that were capable of 
stabilizing bovine red blood cell membrane exposed to heat and hypotonic-induced lyses and could, 
therefore, serve as a scientific proof for the use of these plant extracts by the local traditional health 
practitioners in the management and treatment of inflammatory related diseases. 
 
Keywords: Antioxidant; membrane stabilization; anti-inflammatory; red blood cells; G. oreophila. 
 

1. INTRODUCTION 
 
Medicinal plants have been demonstrated to be the valuable treasures which nature has bestowed on 
mankind for food and medicine. In the scientific community, the diverse medicinal values of these 
plants have aroused the interests of researchers across various disciplines all over the world.  The 
plant G. oreophila (Loranthaceae family) has the potential of providing lead and new drugs that could 
be employed to combat the menace of cardiovascular diseases such as cancer, heart attack, 
hypertension, diabetes and infectious diseases [1,2]. It is acclaimed by the traditional health 
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practitioners in Nigeria that the extracts of this plant are employed in the prevention, treatment and 
management of cardiovascular related diseases and ailments.  
 
Distinctively, the constituents of most European and Asian mistletoes are proteins, viscotoxins, lectins 
and carbohydrates. Mistletoes have been reportedly used for the treatment of cancer, hypertension, 
diabetes, arthritis, heart problems, insomnia, infertility and pneumonia [3-10]. The low molecular 
weight compounds including flavonoids and phenylpropanoids of varying structural types which 
contribute to the antioxidative properties of various Loranthaceae extracts have been examined. Many 
reports of the presence of lower molar mass compounds like alkaloids, flavonoids, tannins and other 
plant constituents in the African Loranthaceae have not been substantiated by isolation and proper 
identification [11]. The tea prepared from Loranthaceae is believed to cure bone fracture and body 
pains [12]. Faboro et al., 2016 [13] carried out a phytochemical profile of dichloromethane and 
methanol extracts as their TMS and FAME derivatives using GC-MS on G. oreophila. There were 
thirty-four (34) compounds detected which have not been reported in any other mistletoe species. 
They are cis-dihydro-3,4-bis[TMS2]-2(3H)-furanone, dodecanol, octadecenol, nonacosane, 
pentacosanol, hexatriacontane, octacosanol, triacontanol, dotriacontanol, cis-dihydro-3,4-
bis[(trimethylsilyl)oxy]-2(3H)-furanone, butanedioic acid, glyceric acid, fumaric acid, 3,4-
dihyroxybutanoic acid, malic acid, tetrahydroxy butane, 2,3,4trihydroxybutanoic acid, tartaric acid, 
arabitol, ribofuranose, isocitric acid, inositol, hexo-pyranose, inosose, methyl dimethoxy- 
hydroxybenzoate, 3,5,11,15 tetramethyl-2-hexadecen-1-ol, pentadecanoic acid, cis and trans phytol, 
eicosanoic acid, hexatriacontane, tricosanoic acid, pentacosanoic acid, nonacosane and 
hexacosanoic acid. These phytoconstituents were distributed among the following classes of organic 
compounds: ketones, monoarylphenolics, sugars, dicarboxylic acids, sugar acids, alcohols, cyclic 
compounds, hydroxycarboxylic acids, sugar alcohols, steroids and fatty acids. It was the first time this 
type of studies would be carried out on G. oreophila. Although pharmacological tests have been 
carried out on G. braunii [14,15,16] which is closely related to G. oreophila, such tests have not been 
carried out on G. oreophila.  
 
The present study is aimed at evaluating the antioxidant and membrane stabilizing activities of the 
extracts and fractions of the leaves of G. oreophila, to establish the scientific evidence for the use of 
the plant as an anti-inflammatory agent as acclaimed by the traditional healers. In addition, there is a 
dearth of scientific information on the biological and chemical activities of the extract, fraction and 
bioactivity of the plant from the science community so this study could serve as a baseline for further 
study on the plant.  
 

2. MATERIALS AND METHODS 
 
2.1 Materials  
 
The main material used in this study is the fresh leaves of G. oreophila which was sourced locally. 
Others include appropriate chemicals purchased from recognised chemical companies. 
 
2.2 Collection and Identification of Plant Material 
 
Fresh leaves of G. oreophila were collected from Iwo, Osun State, Nigeria. Iwo is located on latitude 
7.6292°N and longitude 4.1872°E. The leaves were identified and authenticated by Mr. Gabriel 
Ibhanesebhor (a Taxonomist, the man in charge of the Herbarium), Department of Botany, Obafemi 
Awolowo University, Ile-Ife, Nigeria, and a voucher specimen was deposited at IFE Herbarium (ID no. 
17089).  
 

2.3 Reagents and Chemicals  
 
All the reagents and chemicals used were of analytical grades and were purchased from various 
sources. Dichloromethane, methanol, ethyl acetate, 2,2-diphenyl-1-picrylhydrazyl hydrate, sodium 
nitroprusside, sulfanilamide, phosphoric acid, 2,4,6-tri-(2-pyridyl)-1,3,5-triazine, sodium phosphate, 
ammonium molybdate, N-1-naphthylethylenediamine dichloride, ferric chloride from Sigma-Aldrich 
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Chemical Company.  Potassium iodide, sulphuric acid, trisodium citrate, ascorbic acid and trisodium 
citrate were purchased from British Drug House (BDH). All solutions, buffers and reagents were 
prepared using glass distilled water. Diclofenac (standard anti-inflammatory drug) was purchased 
from the Pharmacy Shop at the main Campus of Obafemi Awolowo University, Ile-Ife, Nigeria.  
 

2.4 Methods 
 
2.4.1 Preparation of plant materials and extraction 
 
Collected fresh leaves of G. oreophila were rinsed with clean water, drained, air-dried for 2-3 weeks in 
shade and pulverized into the powdered form using a domestic blender. The powdered plant material 
was packed into an air-tight plastic container until extraction.  
  
Powdered plant material (500 g) was extracted using dichloromethane (3L) and methanol separately 
overnight in a large Soxhlet apparatus. The extracts were concentrated under reduced pressure to 
afford dichloromethane and methanol respectively. Both extracts were weighed and kept in the 
desiccator until used for biochemical analyses. The weight and percentage yields of DCM extract was 
19.4 g which represented 3.88% of the starting material. The weight of MeOH extract was 18.2 g              
which represented 3.64% of the starting plant material. 
 
The extracts were fractionated on Silica gel 60 (40-60 mesh size) column using gradient solvent 
mixtures petroleum ether/ethyl acetate. Typically, each extract (1 g) was loaded onto the packed 
Silica gel 60 column and washed with petroleum ether. The elution was conducted sequentially with 
petroleum ether/ethyl acetate, 1:1v/v; 3:7v/v; ethyl acetate (100%); ethyl acetate/methanol (1:1v/v); 
and methanol (100%). Fractions (15 ml) were collected at a flow rate of 1 ml/min. A total of 78 
fractions were collected for DCM extract and 65 fractions for methanol extract. Various fractions were 
chromatographed on pre-coated silica gel F254 plates. The plates were air dried, stained with specific 
staining reagent, p-anisaldehyde stain and heated at 105°C for spot development. The Rf values were 
calculated and the fractions were pooled together based on their Rf values as follows: F1 (fraction 1), 
F2 (fractions 2 and 3), F3 (fractions 4 and 5), F4 (fractions 6-12), F5 (fractions 13-48), F6 (fractions 
49-57), F7 (fractions 58-63), F8 (fraction 64), F9 (fractions 65-67) and F10 (fractions 68-78) giving ten 
(10) fractions for DCM and were labelled as GDF1-F10 respectively. Similarly, the fractions for MeOH 
were pooled together as follows: F1 (fractions 1-4), F2 (fractions 5-10), F3 (fractions 11-28), F4 
(fractions 29-36), F5 (fractions 37-49), F6 (fractions 50-52), F7 (fractions 53-57) and F8 (fractions 57-
65) giving eight (8) fractions for MeOH extract were labelled as GMF1-F8 respectively. 
  

2.5 Biochemical Analyses 
 
2.5.1 Evaluation of antioxidant potentials of extracts and fractions of G. oreophila 
 
The antioxidant potential of the extracts and the fractions G. oreophila were evaluated using four 
different antioxidant assays: (2, 2-diphenyl-1-picrylhydrazyl hydrate) DPPH assay; nitric oxide, NO 
assay; total antioxidant capacity, TAC assay and ferric reducing antioxidant power, FRAP assays. 
 
2.5.1.1 Assay of DPPH – radical scavenging activity 
 
The DPPH radical scavenging ability of the extracts and the fractions were determined using the 
stable radical DPPH (2, 2-diphenyl-1-picrylhydrazyl hydrate) and the concentration that inhibits 50% 
the DPPH free radical was estimated according to the procedure of Blois, 1958 [17] as slightly 
modified (Brand-Williams, [18]. Typically, to 1 ml of different concentrations (0.0, 0.3125, 0.625, 1.25, 
2.5, 5, 10 µg/ml) of the extract and standard in various test tubes were added 0.3mM DPPH (1 ml) in 
methanol. The reaction mixture was mixed and incubated in the dark for 30 min., after which the 
absorbance was read at 517 nm against the blank. The standard drug ascorbic acid (AA) 1 µg/ml was 
employed and treated as the test extracts. 
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The percentage DPPH inhibition was calculated as: 
 

% Inhibition =  
� ����� � �������

������
 × 100     

 
where A blank is the absorbance of the control reaction (containing all reagents except the test 
compound), and A sample is the absorbance of the test compound. The concentration of the sample that 
caused 50% inhibition (IC50) was extrapolated from the graph inhibition percentage against extract 
concentration. 
 
2.5.1.2 Assay of nitric oxide (NO) radical scavenging activity 
 
The inhibition of nitric oxide radical activity of the extract was carried out according to the earlier 
method [Green 19] as modified Marcocci [20]. Nitric oxide, generated from sodium nitroprusside in 
aqueous solution at physiological pH, interacts with oxygen to produce nitrite ions which were 
measured by Griess reaction. 
 
The reaction mixture, consisted of 0.1 ml of different concentrations of the tested extracts/fractions 
(0.3125, 0.625, 1.25, 2.5, 5, 10 µg/ml) and 0.9 ml of sodium nitroprusside (2.5 mM) in phosphate 
buffered- saline was incubated under illumination for 2½ hr.This was followed by the addition of 1% 
(w/v) sulphanilamide in 5% (v/v) phosphoric acid (0.5 ml) incubated further in the dark for 10 min., and 
0.5 ml 0.1% (w/v), N-1-naphthyl ethylenediamine dihydrochloride (0.5 ml) was added. The 
absorbance of the chromophore formed was measured at 546 nm against the reagent blank. The 
percentage inhibition of nitric oxide radical scavenging was calculated as expressed above in DPPH 
radical scavenging assay [21,22]. 
 
2.5.1.3 Evaluation of Total Antioxidant Capacity (TAC) 
 
The evaluation of TAC of extracts/fractions was based on the reduction of Molybdenum (VI) to 
Molybdenum (V) by the extract and the subsequent formation of a green phosphate/Molybdenum (V) 
complex at an acidic pH as earlier reported [Prieto 23]. To 0.1 ml of the extract/fraction or standard 
solution of ascorbic acid   (0, 20, 40, 60, 80, 100 µg/ml) was added 1ml of the reagent solution (0.6 M 
sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The reaction mixture was 
incubated in a water bath at 95°C for 2½ hr and allowed to cool to room temperature and the 
absorbance was measured at 695 nm against reagent blank. The antioxidant activities of the extracts 
were expressed as an ascorbic acid equivalent. 
 
2.5.1.4 Evaluation of Ferric Reducing Antioxidant Power (FRAP) 
 
The evaluation of ferric reducing antioxidant power (FRAP) of the extracts/fractions was carried out as 
reported [24] with slight modification. The extract/fraction (50 µl) and standard (50 µl) (20, 40, 60, 80, 
100 µg/ml) was added to 1 ml of FRAP reagent. The absorbance measurement was read at 593 nm 
exactly 10 minutes after mixing against reagent blank that contained distilled water. The reducing 
power was expressed as ascorbic acid (mg/g AAE).  
 

2.6 Evaluation of Anti-inflammatory Properties 
 
The evaluation of anti-inflammatory activity of the extracts and the fractions of the leaf of G. oreophila 
was based on red blood cell membrane stabilizing activity that was exposed to both heat, and 
hypotonic induced lyses as previously described [Oyedapo et al., 25]. The extracts and fractions with 
high antioxidant activities were selected for the membrane stability assay.  
 
2.6.1 Preparation of bovine erythrocytes 
 
Bovine erythrocyte was prepared according to the procedure reported by Oyedapo and Famurewa, 
[26]. A fresh blood sample was collected into an anticoagulant bottle containing trisodium citrate 
(3.8% w/v) and mixed thoroughly to prevent lysing. The blood was poured into clean centrifuge tubes 
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and centrifuged at 3000 rpm for 10 min. The supernatant was carefully removed with sterilized 
Pasteur pipette. The packed RBC (erythrocytes) was re-suspended in fresh isosaline, mixed gently 
and centrifuged at 3000 rpm for 10 min. The process was repeated five more times until a clear 
supernatant was obtained. Then, 2% (v/v) erythrocyte suspension was prepared by diluting 2 ml of 
packed red blood cells to 100 ml with normal saline. 
 
2.6.2 Assay of red blood cell membrane stabilizing activity 
 
The membrane stabilizing the activity of the extracts and fractions of G. oreophila was assayed 
according to a modified procedure [Oyedapo et al., 25]. Varying concentrations 0 - 300 µg/mL of the 
extracts, fractions and the standard drug were prepared. The assay mixture consisted of 1.0 ml 
hyposaline (0.42% w/v NaCl), 0.5 ml of 0.1 M sodium phosphate buffer, pH 7.2 (0.5 ml), varying 
volumes of drug sample and isosaline (0.85% w/v NaCl) to make the mixture up to 2.5 ml and 
followed by the addition of 2% (v/v) bovine erythrocyte suspension (0.5 ml). The drug control was 
pipetted as above but without 2% (v/v) erythrocyte suspension while the blood control contained all 
the reagents, extracts and fractions. Diclofenac (1 mg/ml) was used as the standard drug. The 
reaction mixtures were incubated at 56°C for 30 min on a water bath, cooled to room temperature 
under running water and followed by centrifugation at 3000 rpm on Gallenkamp UK Bench Centrifuge 
for 10 min. at room temperature. The absorbance of the released hemoglobin was read at 560 nm. 
 
The percentage membrane stability was estimated using the expression:  
 

100 - (Abs of Test Drug - Abs of Drug Control) × 100 
                         Abs of Blood Control 

 
The blood control represents 100% lyses or zero percent stability. 
 

2.7 Statistical Analysis 
 
Each value represented the mean ± SEM of three consistent readings. Significance difference was 
analyzed using Student's t-test with p<0.05 as statistically significant. 
 

3. RESULTS AND DISCUSSION 
 
The study reported the antioxidant and anti-inflammatory potentials of the leaf extracts of G. oreophila 
with a view to providing scientific support for the use of the plant on the prevention, treatment and 
management of oxidant and inflammatory disorders. The weight and percentage yields of DCM 

extract was 19.4 g which represented 3.88% of the starting material. The weight of MeOH extract was 
18.2 g which represented 3.64% of the starting plant material.  
 

3.1 Biochemical Analyses 
 
Four different antioxidant assays were carried out on the extracts and fractions of G. oreophila for the 
biochemical analyses. 
 

3.2 Antioxidant Assays 
 
3.2.1 Assay of DPPH – radical scavenging activity of DCM extracts and fractions  
 
Table 1 is the summary of antioxidant activities of DCM extract and fractions of G. oreophila. It was 
observed that the extracts and the fractions exhibited potent and appreciable antioxidant activities. 
These were demonstrated in their ability to react with the stable free radical, thus the odd electrons of 
DPPH radical gave a strong absorption band at 517 nm in the visible spectroscopy (deep violet 
colour). As the electron became paired off in the presence of a free radical scavenger, the absorption 
vanishes and the resulting decolourised product is stoichiometric with the number of electrons taken 
up. The ability was also demonstrated in their percentage inhibition which is concentration dependent. 
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At the highest concentration, the DCM extract (GODE) has a percentage inhibition of 51. 97% with an 
IC50 value of 910 µg/ml. In a similar way the percentage inhibition of the fractions showed a dose 
dependent trend with fraction 8 (GDF8) having the highest percentage of 71.92% and an IC50 value of 
490 µg/ml. The IC50 of fractions GDF1, GDF2, GDF3, GDF4, GDF5 and GDF9 were not determined 
because the values were well over 1000µg/ml which cannot be determined by extrapolation. 
 

The MeOH extract and its fractions were subjected to the same assay. The percentage inhibition of 
the extract is 75.42% and the IC50 value of 140 µg/ml.  All the fractions exhibited appreciable 
percentage inhibition with the exception of fraction 1 (GMF1) that shows negligible percentage 
inhibition and with no IC50 value Table 2. The observation might be due to the fact that plant 
constituents respond differently to different assays [27]. On the other hand fraction 7 (GMF7) has the 
highest antioxidant activity having 79.42% and 140 µg/ml as percentage inhibition and IC50 value 
respectively.  
 
3.2.2 Assay of nitric oxide (NO) radical scavenging activity of DCM extracts and fractions 
 
The antioxidant content of medicinal plants may play a vital role in the defence against diseases [28]. 
Another assay used to evaluate the free radical scavenging potential is NO. The percentage inhibition 
obtained for DCM extract (GODE) was 59. 00% with an IC50 of 250 µg/ml. All the fractions exhibited 
antioxidant activities with fractions 1 and 2 (GDF1 and GDF2) that showed an extremely low 
percentage inhibition of 5.7% and 10.75% respectively with no IC50 values Table 3. Again fraction 8 
has the highest percentage inhibition of 65.20% and IC50 of 420 µg/ml. 
 
Similarly, the MeOH extract and its fraction showed a dose-dependent activity with fraction 8 (GMF8) 
having 90.07% and IC50 440 µg/ml respectively. Fraction 1 (GMF1) showed the highest antioxidant 
activity based on the IC50 of 45 µg/ml. Fraction 7 also showed an appreciable activity of 72.08% 
percentage inhibition and IC50 250 µg/ml respectively Table 4. 
 

It is a known fact that plant phenolic compounds, also called polyphenols, are a large and diverse 
class of compounds with one or more aromatic rings bearing hydroxyl substituent(s) and have an 
antioxidant potential due to their possibility to act as radical scavengers or free radical terminators. 
Antioxidant activity is significantly correlated with phenolic and flavonoid contents of plant materials 
[29]. These findings are in agreement with the phytoconstituents obtained by the GC-MS analysis of 
the extracts where phenolic compounds were detected [13]. 
 

The MeOH extract (GOME) and fractions (GMF) in the DPPH and the NO assays showed more 
reasonable antioxidant activities when compared to the DCM extract and its fractions. We could make 
this statement, because in our previous studies of GC-MS analysis on this plant the MeOH extract 
contained more polyhydroxyl compounds than the DCM extract [13]. It is also a known fact that 
polyhydroxyl compounds such as flavonoids are good antioxidants. Table 5 is the antioxidant activities 
of the standard used, ascorbic acid.  
 

3.2.3 Evaluation of total antioxidant capacity (TAC) of DCM extracts and fractions 
 

The concept of total antioxidant capacity (TAC), which originated from chemistry and then was applied 
to biology and medicine, and further to nutrition and epidemiology [30] was also used to assess the 
antioxidant activities the extracts and fractions as shown in Tables 6 and 7. The extract and the 
fractions possess some antioxidant activities. Fractions 4 and 8 (GDF4 and GDF8) with 4.55 and 5.11 
mgAAE/g showed the highest antioxidant activities when compared to the standard. In the manner, 
the extract and its fractions were subjected to the same TAC evaluation. In this evaluation, it was only 
the fraction 2 GMF2 that showed an appreciable activity with 5.84 mgAAE/g when compared with the 
standard Table 7. The numerous available TAC assays correlate poorly with each other because 
various antioxidants react differently in each assay [26]. For example, the results of some assays 
include a substantial contribution from protein thiols, which do not react at all in other methods. 
Therefore, to interpret the results it is essential that one understands fully the relative contribution of 
the individual antioxidants to the methodology being used. Again, the total antioxidant capacity of a 
solution will depend on the nature of the oxidative abuse. TAC assays measure antioxidant capacity 
only in the defined conditions of the particular technique used. 
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Table 1. Antioxidant activities in DPPH test of DCM extract and the Fractions of G. oreophila 
 

Conc (µg/ml)                                                                             Percentage inhibition 
GO1 GDF1 GDF2 GDF3 GDF4 GDF5 GDF8 GDF9 

1000 51.97 ± 1.57 11.63 ± 1.23 10.07 ± 0.72 26.14 ± 0.69 35.96 ± 0.98 38.52 ± 1.42 71.92 ± 1.19 36.52 ± 2.70 
500 40.21 ± 1.49 8.01 ± 1.03 10.01 ± 0.74 25.08 ± 0.70 25.39 ± 0.77 34.77 ± 1.27 67.54 ± 1.32 26.77 ± 0.88 
250 26.70 ± 2.03 7.44 ± 0.88 8.26 ± 0.22 15.76 ± 0.66 16.26 ± 0.80 22.89 ± 0.41 42.71 ± 0.95 16.20 ± 0.45 
125 24.95 ± 1.70 5.82 ± 0.66 6.13 ± 0.33 11.44 ± 1.13 15.95 ± 0.50 15.95 ± 0.30 27.64 ± 0.45 7.38 ± 0.38 
62.5 22.89 ± 1.68 4.88 ± 0.94 4.88 ± 0.50 7.44 ± 0.38 11.01 ± 0.88 12.82 ± 0.51 19.14 ± 0.57 6.50 ± 0.74 
31.25 22.51 ± 1.88 4.19 ± 0.78 3.38 ± 0.32 8.26 ± 0.68 9.82 ± 0.74 12.13 ± 0.16 9.82 ± 0.29 3.56 ± 0.91 
IC50 (µg/ml) 910 ± 50 NA NA NA NA NA 490 ± 10 NA 

GO1: DCM Extract; GDF1, 2, 3, 4, 5, 8, 9 DCM Fractions. 
Each value represented Mean ± SEM of n=3 reading. Value of p≤0.05 was taken as statistically significant. 

 
Table 2. Antioxidant activities in DPPH test of MeOH extract and the fractions of G. oreophila 

 
Conc (µg/ml) Percentage inhibition 

GO2 GMF1 GMF2 GMF7 GMF8 
1000 75.42 ± 0.11 3.69 ± 0.27 70.98 ± 0.72 79.42 ± 0.72 76.92 ± 0.94 
500 70.61 ± 1.09  63.85 ± 2.33 78.49 ± 0.41 75.42 ± 2.50 
250 64.92 ± 1.89  42.09 ± 2.06 75.86 ± 0.91 71.92 ± 2.27 
125 54.47 ± 1.66  27.33 ± 2.31 49.41 ± 3.87 60.48 ± 4.42 
62.5 44.97 ± 0.35  12.01 ± 1.21 31.96 ± 1.97 47.53 ± 1.55 
31.25 38.09 ± 2.95  2.94  ± 1.44 15.45 ± 2.35 28.33 ± 3.80 
IC50 (µg/ml) 91.10 ± 10 NA 358.16 ± 10 140 ± 10 110 ± 30 

GO2: MeOH Extract; GMF1, 2, 7, 8; MeOH Fractions 
Each value represented Mean ± SEM of n=3 reading. Value of p≤0.05 was taken as statistically significant. 
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Table 3. Antioxidant activities in NO test of DCM extract and the fractions of G. oreophila  
 

Conc (µg/ml) Percentage inhibition 
GO1 GDF1 GDF2 GDF3 GDF4 GDF5 GDF8 GDF9 

1000 59.00 ± 2.16 5.74 ± 016 10.75 ± 0.23 49.07 ± 0.91 22.91 ± 1.13 41.62 ± 0.26 65.20 ± 0.11 47.67 ± 0.29 
500 55.12 ± 0.88   48.35 ± 1.21 18.05 ± 0.08 22.91 ± 0.18 54.03 ± 0.69 35.57 ± 0.00 
250 49.53 ± 2.41   41.37 ± 0.29 12.87 ± 1.50 15.93 ± 0.15 43.43 ± 0.37 26.27 ± 0.66 
125 35.83 ± 0.77   34.49 ± 2.74 10.50 ± 1.72 10.65 ± 0.58 14.01 ± 0.66 23.37 ± 0.37 
62.5 29.01 ± 0.11   16.91 ± 2.60 8.17 ± 0.80 4.86 ± 0.26 6.05 ± 0.33 13.60 ± 0.33 
31.25 18.30 ± 1.54   9.41 ± 2.41 0.46 ±0.26 3.52 ± 0.95 2.69 ± 0.07 9.31 ± 0.22 
IC50 (µg/ml) 250 ± 20 NA NA NA NA NA 420 ± 10 NA 

GO1: DCM Extract; GDF1, 2, 3, 4, 5, 8, 9 DCM Fractions. 
Each value represented Mean ± SEM of n=3 reading. Value of p≤0.05 was taken as statistically significant. 

 
Table 4. Antioxidant activities in NO test of MeOH extract and the fractions of G. oreophila 

 
Conc (µg/ml) Percentage Inhibition 

GO2 GMF1 GMF2 GMF7 GMF8 
1000 65.77 ± 0.15 85.09 ± 2.45 30.56 ± 0.26 72.08  ± 1.24 90.07 ± 0.15 
500 53.36 ± 1.17 75.13 ± 0.69 25.08 ± 1.13 64.89  ± 3.77 67.63 ± 2.71 
250 28.90 ± 0.34 68.98 ± 0.15 13.44 ± 0.29 51.24  ± 0.04 39.14 ± 0.13 
125 24.25 ± 1.65 60.91 ± 3.22 9.72 ± 0.29 48.14  ± 1.50 19.18 ± 0.11 
62.5 17.32 ± 0.26 55.53 ± 1.54 7.55 ± 0.29 39.25  ± 0.11 8.89 ± 0.77 
31.25 4.60 ± 1.43 43.43 ± 0.00 6.20 ± 0.22 26.16  ± 0.22 7.81 ± 0.48 
IC50 (µg/ml) 472.12 ± 10 45.83 ± 0.13 NA 250 ± 20 440 ± 30 

GO2: MeOH Extract; GMF1, 2, 7, 8; MeOH Fractions. 
Each value represented Mean ± SEM of n=3 reading. Value of p≤0.05 was taken as statistically significant. 
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Table 5. Antioxidant activities of the standard, ascorbic acid 
 
Conc (µg/ml) DPPH Nitric oxide 

Percentage inhibition Conc (µg/ml) Percentage inhibition 
10 40.05 ± 1.89 125 86.86± 2.50 
5 25.65 ± 1.67 62.5 52.86 ± 2.63 
2.5 12.00 ± 1.62 31.25 34.98± 1.14 
1.25 10.01 ± 0.95 15.625 16.61± 0.75 
0.625 9.39 ± 0.91 7.8125 8.065± 0.58 
0.3125 6.20 ± 0.25   
IC50 (µg/ml) > 10  IC50 (µg/ml) 56.26 ± 0.22 

Each value represented Mean ± SEM of n=3 reading. Value of p≤0.05 was taken as statistically significant. 
 

Table 6. TAC and FRAP assays of DCM extract and the fractions of G. oreophila 
 

Assays Extracts and fractions 
Rutin (Std) GO1 GDF1 GDF2 GDF3 GDF4 GDF5 GDF8 GDF9 

TAC (mg AAE/g) 8.34 ±0. 01 3.73 ± 0.15 0.43 ±0.11 3.07 ± 0.18 1.57 ± 0.14 4.55 ± 0.06 3.00 ± 0.44 5.11 ± 0.13 1.75 ± 0.09 
FRAP  (mg AAE/g) 826.56 ± 0.29 622 ± 11.6 70.7 ± 1.45 404 ± 4.90 603 ± 8.29 438 ± 18.9 640 ± 20.9 752 ± 7.40 394 ± 14.4 

 
Table 7. TAC and FRAP assays of MeOH extract and the fractions of G. oreophila 

 
Assays Extract and fractions 

Rutin (Std)  GO2 GMF1 GMF2 GMF7 GMF8 
TAC(mg AAE/g) 8.34 ±0.01 1.04 ± 0.09 1.97 ± 0.24 5.84 ± 0.05 1.59 ± 0.09 0.04 ± 0.01 
FRAP(mg AAE/g) 826.56 ± 0.29 672 ± 16.2 346 ± 4.01 599 ± 24.7 549 ± 7.31 447 ± 7.89 
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3.2.4 Evaluation of ferric reducing antioxidant power (FRAP) of DCM extracts and fractions 
 

Possibly damaging reactive oxygen species (ROS) are produced as a consequence of normal aerobic 
metabolism These ‘‘free radicals’’ are usually removed or inactivated in vivo by a squad of 
antioxidants Individual members of the antioxidant defence team are deployed to prevent                   
generation of ROS, to destroy potential oxidants, and to scavenge ROS. In this perspective, 
antioxidant power may be referred to analogously as reducing ability [31]. With this in mind,                                 
a method using reductants in a redox-linked colorimetric method employing an easily reduced               
oxidant in stoichiometric excess could offer a simple way of assessing this ability hence the                           
use of FRAP to assess the reducing power of the extracts and the fractions in this study. The                    
DCM extract (GODE) and fractions 3, 5 and 8 (GDF1, GDF3 and GDF8) showed appreciable 
antioxidant activities with 622, 603 and 752 mgAAE/g when compared with the standard of 826 
mgAAE/g Table 6. Likewise the extract, (GME) exhibited potent antioxidant activity with 673 mgAAE/g 
compared to the standard. Fractions 2 and 7 showed reasonable activities in Table 7. This is in 
agreement to the observation of Young, [32]. This investigation is similar to the research of other 
investigators who worked on similar species such as Globimetula braunii [33,34], Globimetula 
cupulata [35]. 
 

3.3 Membrane Stabilization Profiles of G. oreophila Extracts and Fractions 
 

Membrane stabilization is regarded as a possible mechanism of action of the anti-inflammatory 
activity of certain medicinal plants [36,37]. This is confirmed by several investigations that herbal 
preparation and their mixtures were capable of stabilizing the red blood cell membrane and exerting 
anti-inflammatory activity [38,39].  

 

Erythrocytes have been used as a model system by numerous researchers for the study of the 
interaction of drugs with membranes [40,41,42]. When the RBC is subjected to hypotonic stress the 
release of hemoglobin (Hb) from RBC is prevented by anti-inflammatory agents because of 
membrane stabilization. So, the stabilization of RBC membrane by drugs against hypotonicity induced 
haemolysis serves as a useful in vitro method for assessing the anti-inflammatory activity of various 
compounds [43]. 

 

GO1DE, GDF8, GO2ME, GMF1, GMF2, GMF7 and GMF8 were selected for stability assays                    
based on their antioxidant potency as depicted in Tables 1-4. Moreover, Fig. 1a - g depicts the          
profiles of the membrane stabilizing potentials of (DCM and MeOH) and their various fractions of 
bovine red blood cells exposed to both heat and hypotonic induced lyses. It was observed that                             
all the extracts and fractions exhibited appreciable and significant membrane stabilizing activities.      
The extracts and fractions exhibited mixtures of the monophasic and biphasic mode of                  
protection which are concentration dependent and compared favourably with that of standard 
(diclofenac) a non-steroidal anti-inflammatory drug (NSAD), Fig. 2. Also, the percentage membrane 
stability exhibited by the extracts and fractions ranged from 2.28 ± 0.01% (minimum) and 72.97 ± 
0.12% (maximum), while the minimum and maximum membrane stabilizing activities of the standard 
drug was 3.45 ± 0.00% and 89.06 ± 0.01%. The findings of this study agreed with previous studies on 
the membrane stabilizing potentials of extracts and fractions of plants from various sources 
[44,45,46,47]  

  

3.3.1 Membrane stabilizing profile of the standard drug (Diclofenac) 

 

Diclofenac, the standard drug used has a membrane stability profile as shown in Fig. 2. The mode of 
response is biphasic in all the concentrations tested and has a minimum of 3.45± 0.00% and a 
maximum of 89.06 ± 0.01% membrane stability. 
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Fig. 1a. Membrane stabilizing profiles of DCM extract of G. oreophila on bovine erythrocytes 
exposed to both heat and hypotonic induced lyses 

Each value represented the mean ± SEM of 3 readings 
 

 
 

Fig. 1b. Membrane stabilizing profiles of fraction 8 (GDF8), DCM extract of 
G. oreophila on bovine erythrocytes exposed to both heat and hypotonic induced lyses 

Each value represented the mean ± SEM of 3 readings 
 

 
 

Fig. 1c. Membrane stabilizing profiles of MeOH extract of G. oreophila on bovine erythrocytes 
exposed to both heat and hypotonic induced lyses 

Each value represented the mean ± SEM of 3 readings 
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Fig. 1d. Membrane stabilizing profiles of fraction 1 (GMF1), MeOH extract of 
G. oreophila on bovine erythrocytes exposed to both heat and hypotonic induced lyses 

Each value represented the mean ± SEM of 3 readings 
 

 
 

Fig. 1e. Membrane stabilizing profiles of fraction 2 (GMF2), MeOH extract of 
G. oreophila on bovine erythrocytes exposed to both heat and hypotonic induced lyses 

Each value represented the mean ± SEM of 3 readings 
 

 
 

Fig. 1f. Membrane stabilizing profiles of fraction 7 (GMF7), MeOH extract of 
G. oreophila on bovine erythrocytes exposed to both heat and hypotonic induced lyses 

Each value represented the mean ± SEM of 3 readings  
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Fig. 1g. Membrane stabilizing profiles of fraction 8 (GMF8), MeOH extract of 
G. oreophila on bovine erythrocytes exposed to both heat and hypotonic induced lyses 

Each value represented the mean ± SEM of 3 readings 
 

 
 

Fig. 2. Membrane stabilizing profiles of Diclofenac on bovine erythrocytes exposed to both 
heat and hypotonic induced lyses   

Each value represented the mean ± SEM of 3 readings 
 

4. CONCLUSION 
 
The present study indicates that the extracts and fractions of G. oreophila have strong free radical 
scavenging activity and reducing power. This anti-oxidative effectiveness of the extracts and the 
fractions was evidenced in all the methods used for the antioxidant assays through their percentage 
inhibition and their IC50 values. 
 
The study also showed that all the seven samples assayed, MeOH extract (GOME) and the fractions 
of G. oreophila, protected the stressed bovine erythrocyte membrane at some of the concentrations 
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used and compare favourably with Diclofenac (standard drug). It was also noted that MeOH extract of 
G. oreophila fraction 7 (GMF7), protected the erythrocyte membrane more effectively than the 
standard drug. Although, fraction GMF7 exhibited 100% mode of protection at 2.0 mg/mL but was not 
better in its activity at different concentrations when compared with the standard drug (diclofenac, Fig. 
2). On the basis of these results, it could be inferred that the extracts and the fractions of G. oreophila 
contain principles that were capable of stabilizing bovine red blood cell membrane exposed to heat 
and hypotonic-induced lyses and could, therefore, serve as a scientific proof for the use of these plant 
extracts by the local traditional health practitioners in the management and treatment of inflammatory 
related diseases. 
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ABSTRACT 
 

Quality assurance for control of pharmaceutical chemicals and formulations is essential for ensuring 
the availability of safe and effective drug formulations to consumers. Quantitative estimation of the 
chemical entity of a drug is vital for maintaining and assuring the quality. Several distinct problems are 
encountered in the quantitative estimation of the drug in bulk samples and formulations. The 
interferences caused by a number of sources such as the degradation products of the drugs when 
they are stored for a long time, the presence of other drugs in combination products and the various 
additives incorporated in formulations have to be kept in view during the course of assay development 
for drugs in formulations. Among the various techniques for the development of assay methods, uv-
visible spectrophotometry combines the advantages of low cost, easy maintenance and simplicity with 
the possibility of achieving high sensitivity and selectivity with good precision, accuracy and reliability.  
The selectivity and sensitivity of the uv-visible spectrophotometric method depends only on the nature 
of chemical reactions involved in color development and not on the sophistication of the equipment.  
The expenditure incurred on the assay determination in visible spectrophotometric methods depends 
on selecting the reagents (low cost, readily available) for the color development. 
With above facts I am herewith enclosing my research work in estimation of terbinafine hydrochloride 
and clarithromycin with the help of UV spectrophotometric method as narrated below.       
One simple and sensitive procedure (UV spectophotometric method) for the assay of two drugs 
namely terbinafine hydrochloride and clarithromycin in pure form and formulations. This method 
involves the formation of ion-association complex between TRB or CAM and the picric acid.  In order 
to establish the optimum conditions necessary for rapid and quantitative formation of coloured product 
with maximum stability and sensitivity, the author performed experiments by measuring the 
absorbance at λmax 350nm of a series of solutions, varying one and fixing the other parameters in 
each case such as type, volume and concentration of acid, organic solvent used for extraction, ratio of 
organic phase to aqueous phase during extraction, shaking time and temperature. The variable 
parameters were optimized. The results were statistically validated. The regression analysis using the 
method of least squares was made for the slope (b), standard deviation (Sb), intercept (a), standard 
deviation on intercept (Sa), standard error of estimation (Se) and correlation coefficient (r) obtained 
from different concentrations. The data obtained in the determination of each drug with different 
reagents are summarized in this section. The selectivity (or specificity) of each proposed method was 
ascertained through interference studies with other active and inactive ingredients usually present in 
pharmaceutical preparations.  
 
Keywords: Terbenafine hydrochloride; clarithromycin; spectrophotometer and picric acid. 
 

1. INTRODUCTION 
 
Terbinafine hydrochloride (TRB) [1-naphthalene methanamine N-[(2E) 6,6 dimethyl-2-heptene-4ynyl]-
N-methyl] is a synthetic alylamine anti-fungal compound exists in the market in the form of tablets and 
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cream. It is official in USP [1], Merck Index [2] and Martindale Extra Pharmacopoeia [3]. 
Clarithromycin or 6-0 methyl erythromycin or [2R, 3S, 4S,5R,6R,8R,10R,11R,12S, 13R) -3-(2,6-
Dideoxy-3C, 3-0-dimethyl--L-ribo-hexopyranosyloxy)]-11,12-dihydroxy-6- methoxy, 2,4,6,8,10,12-
hexamethyl-9-oxo- 5-(3,4,6-trideoxy-3-dimethylamino -D-xylo- hexopyranosyloxy) pentadecan-13-
olide.  is a macrolide antibacterial hydroxylated macro cyclic lactones containing 12 to 20 carbon 
atoms in the primary ring bind to the 50s sub units of bacterial ribosomes indicated to treat infections 
caused by bacteria. It is official in, USP [4], Merck index [5], Martindale's extra pharmacopoeia [6], 
Remington [7], PDR [8]. Existing analytical methods are reveal that little attention paid in developing 
the UV spectrophotometric methods for its determination. The present paper describes the 
determination of two drugs namely terbinafine hydrochloride and clarithromycin by reaction with the 
reagent picric acid.  
     
Picric acid is a chemical known as symmetrical trinitrophenol and is acidic in nature and forms an 
adduct with aromatic hydrocarbons such as naphthalene and anthracene.  It also forms picrate of the 
amine extractable into chloroform which is in an yellow colour but the absorption maxima is located in 
the UV region.  Picric acid has also been used for the determination of reducing sugars as they 
undergo reduction to orange color picramic acid in alkaline medium [9]. Picric acid is also proposed 
for the estimation of cardioglycosides [10-12]. TNP is a yellow crystalline, bitter [13,14], toxic [15,16], 
explosive solid [17] which is widely used in the identification of activated compounds in the labs [18], 
picric acid is also used in medicinal formulations in the treatment of malaria, trichinosis, herpes and 
smallpox and antiseptics [19], preparation of charge transfer complexes [20-22] of various utilities etc. 
 
This method involves the formation of Ion-association complex between TRB or CAM and the picric 
acid.  In order to establish the optimum conditions necessary for rapid and quantitative formation of 
coloured product with maximum stability and sensitivity, the author performed experiments by 
measuring the absorbance at 350nm of a series of solutions, varying one and fixing the other 
parameters in each case such as type, volume and concentration of acid, organic solvent used for 
extraction, ratio of organic phase to aqueous phase during extraction, shaking time and temperature. 
Picric acid has also been used for the determination of reducing sugars as they undergo reduction to 
orange color picramic acid in alkaline medium [23]. Picric acid is also proposed for the estimation of 
cardioglycosides [24-26]. 
 

2. EXPERMENTAL 
 

2.1 Instrumentation 
 
All spectral and absorbance measurements were made on a Systronics 106 model visible 
spectrophotometer with 1 cm matched glass cells or Milton Roy spectronic 1201 UV-visible 
spectrophotometer with 1 cm matched quartz cells. 
 
All pH measurements were made on a Systronics 335 model digital pH meter or an Elico LI 120 digital 
pH meter. 
 

2.2 Reagents and Solutions 
 

Picric acid Solution 
(Loba: 0.1%, 4.36  10

-2
M) 

: 100 mg of picric acid  was dissolved in 100 ml of 
distilled water 

Buffer  
pH – 9.8 

: Prepared dissolving 300 g of monosodium 
phosphate dihydrate and 9 g of NaOH in 750 ml 
of water 

 

2.3 Tebinafine Hydrochloride Drug Solution 
 
All the reagents were of analytical grade and all the aqueous solutions were prepared in double 
distilled water. Freshly prepared solutions were always used. One mg ml-1 stock solution of TRB HCl 
was prepared by dissolving 100 mg of TRB initially in 5 ml of 0.1 N HCl followed by dilution to 100 ml 
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with double distilled water. For pharmaceutical formulations of the drug a quantity of tablet powder or 
cream equivalent to 100 mg of TRB HCl was treated with 420 ml portions of chloroform and the 
chloroform extract was transferred to 100 ml volumetric flask and made upto 100 ml with chloroform to 
obtain 1 mg.ml

-1
 stock solution. From this solution required concentrations are prepared for further 

experiments. 
 

2.4 Clarithromycin Drug Solution 
 
One mg ml-1 stock solution of CAM in aqueous medium was prepared by dissolving 100 mg of CAM in 
5 ml of 0.1M HCl followed by dilution to 100 ml with double distilled water. Tablet powdered equivalent 
to 100 mg of CAM was dissolved and diluted to 100 ml with chloroform and the insoluble portion was 
removed by filtration to get 1 mg.ml-1. For pharmaceutical formulations of the drug twenty five ml of 
above stock solution was taken and the chloroform portion was evaporated to dryness and the 
residue was initially dissolved in 2 ml of 0.1 N HCl followed by dilution to 25 ml with distilled water. 
 
2.5 Recommended Procedure 
 
Method (Picric Acid) for TRB or CAM: Into a series of 50 ml separating  funnels  containing  

aliquots of drug (TRB : 0.5-3.0 ml, 50 mg.ml-1; CAM : 0.5-3.0ml, 100 mg.ml-1) solutions, 2 ml of pH 9.8 
buffer and 1 ml of 0.1% picric acid solutions were added successively.  The total volume of aqueous 
phase in each separating funnel was adjusted to 10 ml with distilled water.  To each separating funnel 
10 ml of chloroform was added and the contents were shaken for 2 min. The two phases were 
allowed to separate and the absorbance of the separated chloroform layer was measured at 350 nm 
against a reagent blank prepared under similar conditions.  The amount of drug was deduced from the 
calibration graph (Figs. 1 and 2). 
 
Pharmaceutical formulations for TRB HCl and CAM: A quantitiy of tablet powder or cream 

equivalent to 100 mg of TRB HCl was treated with 420 ml portions of chloroform and the chloroform 
extract was transferred to 100 ml volumetric flask and made upto 100 ml with chloroform to obtain 1 
mg.ml-1 stock solution. 
 
Fifty milliliters of the above stock solution (1 mg.ml-1) was taken and chloroform portion was 
evaporated to dryness and the residue was transferred to a 50 ml volumetric flask by dissolving it in 5 
ml of 0.1 N HCl and diluted to the mark with distilled water. 
 
Twenty Five ml of above stock solution was transferred in to a 25 ml separating funnel and washed 
with 5 ml 0.05 N NaOH to get the free base formed Twenty five ml portion of this was evaporated to 
dryness and the residue was dissolved in 25 ml methanol to get 1 mg.ml

-1
 stock solution. 

 
Ten ml of the above stock solution was taken and chloroform portion was evaporated to dryness and 
the residue was initially dissolved in 2 ml of with glacial acetic acid and diluted to 10 ml with distilled 
water. 
 
Tablet powdered equivalent to 100 mg of CAM was dissolved and diluted to 100 ml with chloroform 
and the insoluble portion was removed by filtration to get 1 mg.ml

-1
. 

 
Twenty five ml of above stock solution was taken and the chloroform portion was evaporated to 
dryness and  the residue was initially dissolved in 2 ml of 0.1 N HCl followed by dilution to 25 ml with 
distilled water. 
 

3. RESULTS AND DISCUSSION 
 
This method involves the formation of Ion-association complex between TRB or CAM and the picric 
acid. In order to establish the optimum conditions necessary for rapid and quantitative formation of 
coloured product with maximum stability and sensitivity, the author performed experiments by 
measuring the absorbance at 350 nm of a series of solutions, varying one and fixing the other 
parameters in each case such as type, volume and concentration of acid, organic solvent used for 



 
 
 

Current Research and Development in Chemistry Vol. 4 
Studies on UV Spectrophotometric Analysis of Drugs Terbinafine Hydrochloride and Clarithromycin 

 
 

 
165 

 

extraction, ratio of organic phase to aqueous phase during extraction, shaking time and temperature. 
The method involves the coloured species formation is as shown in Scheme 1 as shown below. 
 

 

 
 

 

 

 
 

Scheme 1. 
 
Fixation of optimum conditions for the proposed methods and optical characteristics as described 
below 
 
The picric acid complex was prepared in solution as under recommended procedures given in given 
above and then extracted in to chloroform. After separation of chloroform and aqueous layers, the 
chloroform layer was collected in each case and scanned in the wavelength region 200 – 400nm 
against a reagent blank and the results are shown graphically in Fig. 1. The max value was found to 
be 350nm in UV region. The max value of picric acid in aqueous phase was almost the same by the 
complex in the organic phase. 
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 In order to test whether each one of the drug with specified reagent adheres to Beer’s law, the 
absorbance at appropriate wavelengths of a set of solutions containing varying amounts of 
drug and specified amounts of reagents and treated as described in the corresponding 
recommended procedure  were noted against appropriate reagent blank. (The Beer’s law 
plots of the systems are presented graphically in Figs. 2 and 3.  The Beer’s law limits of each 
drug with appropriate reagents were calculated in mg.ml-1 and the results are incorporated in 
tables.  Detection limits, molar absorptivity, Sandell’s sensitivity and optimum photometric 
range for each drug with mentioned reagents were calculated and also recorded. 

 
The regression analysis using the method of least squares was made for the slope (b), standard 
deviation on slope (Sb), intercept (a), standard deviation on intercept (Sa), standard error of estimation 
(Se) and correlation coefficient (r) obtained from different concentrations of each drug and the results 
are also summarized in Tables 1 and 2. 
 

 
 

Fig. 1. Absorption spectrum of TRB and CAM-picric acid 
 

 
 

Fig. 2. Beer’s law plot of TRB-picric acid M1 
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Table 1. Optical and regression characteristics, PRECISION and accuracy of the proposed methods for tRB and cam 
 

Parameter  MTRB MCAM 
 Picric Acid Picric Acid  

max (nm) 350 350 

Beer’s Law Limits (mg.m1-1) 2.5-15 5-30 

Detection limit (mg.m1-1) 1.29910-1 0.2737 
Molar absorptivity (mole

-1
cm

-1
) 9.968103 1.353104 

Sandell’s sensitivity (mg.cm-2 / 0.01 absorbance unit) 3.28910-2 5.5210-2 
Regression equation (y=a+bc)   
Slope (b) 3.01310

-2
 1.82910

-2
 

Standard deviation on slope (Sb) 1.3410
-4

 8.57110
-5

 
Intercept (a) 4.66610

-4
 -1.266610

-3
 

Standard deviation in intercepts (Sa) 1.30510
-4

 1.66810
-3

 
Standard error of  estimation (Se) 1.40310-3 1.792810-3 
Correlation coefficient (r) 0.9999 0.9999 
Relative standard deviation (%)* 0.3843 0.4034 
% rang of error (confidence limits)*   
0.05 level 0.4034 0.4234 
0.01 level  0.6330 0.6641 
% Error in bulk samples** 0.2302 0.2739 

*Average of six determinations considered 
** Average of three determinations 

 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

Current Research and Development in Chemistry Vol. 4 
Studies on UV Spectrophotometric Analysis of Drugs Terbinafine Hydrochloride and Clarithromycin 

 
 

 
168 

 

Table 2. Assay of CAM and TRB in pharmaceutical formulations 
 
Formulations* 
 

Labeled 
Amount 
mg) 

Amount found by proposed 
methods ** 

Reference 
method for 
TRB 

Reference 
method for 
CAM 

% Recovery by proposed 
methods*** 

Picric acid 
for CAM 

Picric acid for 
TRB 

Picric acid for 
CAM 

Picric acid 
for TRB 

 
Tablets 
 

125 123.47 1.15 
F = 1.43 
t = 1.01 

123.890.766 
F = 1.74 
t = 1.32 

124.36 0.72 124.040.96 
 

98.78 0.92 99.110.764 

 
Tablets 
 

250 248.701.94 
F = 1.30 
t = 0.005 

248.721.45 
F=1.94 
t=1.155 

249.52 0.82 248.72.22 
 

99.48 0.77 99.480.458 

Cream 
 
Tablet 

TRB 10 
 
CAM   250 

248.17 1.58 
F = 1.54 
t = 0.27 

9.980.019 
F=1.34 
t=1.0 

9.99 0.016 248.42.00 
 

99.26  0.63 99.890.189 

Cream 
 
Tablet 

TRB  250 
 
CAM 500 

496.18 1.84 
F = 1.44 
t = 1.09 

247.53.63 
F=1.37 
t=1.174 

247.86 3.09 498.72.22 
 

99.23 0.36 99.001.454 

* Formulations from four different pharmaceutical companies. 
** Average + standard deviation on six determinations, the t- and F – test values refer to comparison of the proposed method with the reference method. 

Theoretical values at 95% confidence limit, F= 5.05, t = 2.57. 
*** Recovery of 10 mg added to the pre-analyzed pharmaceutical formulations (average of three determinations)
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Fig. 3. Beer’s law plot of CAM-picric acid M2 
 

4. CONCLUSION 
 
An important step in the validation process of spectrophotometric method is the fixation of appropriate 
system suitability parameters to ensure successful analysis. They defined as a range of acceptance 
values for a series of key parameters such as precisition, accuracy, linearity of detector response and 
recovery as deemed appropriate for the scope of analysis. 
 
The validity of the proposed methods for the determination of a fore mentioned drugs were 
established from the precision (calculating percent relative standard deviation, percent range of error 
at confidence limits with P=0.05 and 0.01 level from six determinations) and accuracy (percent error in 
pure samples, comparison of results obtained with proposed and reported methods in the case of 
pharmaceutical preparations and recovery experiments) studies. The sensitivity of each method was 
ascertained through molar extinction coefficient, sandell’s sensitivity, optimum photometric range 
beer’s law limits. The regression analysis using the method of least squares was made for the slope 
(b), standard deviation (Sb), intercept (a), standard deviation on intercept (Sa), standard error of 
estimation (Se) and correlation coefficient (r) obtained from different concentrations. The data 
obtained in the determination of each drug with different reagents are summarized in this section. The 
selectivity (or specificity) of each proposed method was ascertained through interference studies with 
other active and inactive ingredients usually present in pharmaceutical preparations. 
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ABSTRACT 
 

Kinetic studies on oxidation of different types of organic compounds by cerium(IV) are well 
documented. Among the different metal ion catalysis, ruthenium(III) and iridium(III) have been found 
to catalyze even at trace quantities. The kinetics of iridium(III) catalyzed oxidation of ethyl diethylene 
glycol by ceric sulphate has been investigated in sulphuric acid media. The result indicates zero order 
kinetics with respect to cerium(IV) ion and first order kinetics with respect to ethyl diethylene glycol 
and iridium(III) chloride. The dielectric constant of the medium shows positive effect on the reaction 
rate. There is insignificant effect of ionic strength of potassium sulphate on the reaction rate indicating 
interaction in the rate-determining step being an ion-dipole type and not an ion type. Elevation of 
temperature increases the rate of reaction. Various activation parameters have been calculated and 
recorded. A suitable mechanism in conformity with the above observation has been proposed. 
 
Keywords: Kinetics; mechanism; oxidant Ce(IV); ethyl diethylene glycol; Ir(III) catalyst and suplhuric 

acid. 
 

1. INTRODUCTION 
 
Kinetic studies on oxidation of different types of organic compounds by cerium(IV) are well 
documented [1-3]. Different metal ion catalysts like silver(I) [4], manganese(II) [5,6], copper(II) [7], 
osmium(VIII) [8], mercury(II) [9], chromium(III) [10], ruthenium(III) [11], iridium(III) [6], etc. have been 
utilized in cerium(IV) oxidation reactions. Among the different metal ion catalysis, ruthenium(III) and 
iridium(III) have been found to catalyze even at trace quantities. A strategy to potentially improve the 
water oxidation reaction is the use of molecular iridium and ruthenium (pre-) catalysts [12-16]. 
 
Iridium(III) catalysis in oxidation reactions by cerium(IV) in aqueous sulphuric acid media has been 
reported in few cases [17-20]. In different cases, different reaction mechanism have been proposed. 
Moreover, some previous workers have reported [21] iridium(III) catalyzed decomposition of 
cerium(IV) in aqueous sulphuric acid medium at elevated temperatures through the oxidation of water. 
The presence of such catalytic decomposition of cerium(IV) may complicate the interpretation of 
kinetic data. In fact, more work is needed to understand the mechanistic routes for iridium(III) catalysis 
in oxidation reaction by cerium(IV) in aqueous sulphuric acid medium. In present communication, the 
result of the kinetic and mechanism of Ir(III) catalyzed oxidation of ethyl-diethylene glycol by Ce(IV) in 
sulphuric acid media is reported. 
 

2. EXPERIMENTAL 
 
Reagent grade chemicals and doubly distilled water were used throughout. Aqueous solution of ceric 
sulphate was prepared by warming it in sulphuric acid and double distilled water. The strength of 
sulphuric acid was maintained at 0.5 N. The ceric sulphate solution standardized against ferrous 
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ammonium sulphate using ferrion as an indicator. Ceric sulphate, ferrous ammonium sulphate and 
ferrion were all BDH, sulphuric acid was of AR-grade. Aqueous solution of ethyl diethylene glycol 
(BDH) was also prepared by dissolving a weighed quantity of the sample in double distilled water. 
Stock solution of iridium(III) chloride was prepared by dissolving the sample (Johnson and Matthey 
Chemical Ltd.) in a solution of HCl. The final concentration of hydrochloric acid and iridium(III) chloride 
were 4.00 × 10

-3
 and 3.80 × 10

-3
 mol dm

-3
, respectively. All the kinetic measurements were carried out 

at constant temperature (± 0.1ºC). All the reactants were mixed in a black coated conical flask. The 
reaction was initiated by mixing the pre-equilibrated reactant solution taken at desired temperature 
(35ºC) and progress of reaction was followed by withdrawing known amount of aliquots (5 mL) of the 
reaction solution at regular time intervals, quenching the reaction by excess standardized ferrous 
ammonium sulphate solution and back titrating unreacted ferrous ion with standard Ce(IV) solution 
using ferrion as an internal indicator. 
 

3. RESULTS AND DISCUSSION 
 

The kinetics of oxidation of ethyl-diethylene glycol by cerium(IV) were investigated at several initial 
concentration of the reactants. The rate constant increase linearly on increasing the concentration of 
ethyl-diethylene glycol. It gives a straight line (Fig. 1) with unit slope, which confirms the first order 
kinetics with respect to ethyl diethylene glycol. The rate of reaction was found to be highly influenced 
by Ir(III). It was observed that with increasing Ir(III), the first order rate constant increase linearly, 
which proves first order dependence on Ir(III). The slope of straight line gives first-order rate constant 
whose values also confirms (Fig. 2). The reaction shows zero order kinetics with respect to Ce(IV). 
Increase in concentration of [H+] has positive effect of the medium. Negligible effect of addition of 
NaHSO4 and Na2SO4 has no significant effect on the reaction rate. 
 

The reaction were carried out at 30, 35, 40 and 45ºC and results at these temperatures led to 
compute energy of activation (Ea), entropy of activation (ΔS#) and free energy of activation (ΔG#) for 
the title reaction (Table 3). 
 

Stoichiometry and product analysis: Several reaction mixture of [oxidant]: [ethyl diethylene glycols] 
at fixed H

+
 concentration were prepared under the condition [glycol] << [oxidant] i.e. [ethyl diethylene 

glycol] << [Ce(IV)] and the reaction mixture was left for 72 h. Estimation of unreacted [Ce(IV)] shows 
that 2 moles of Ce(IV) were required for oxidation of each mole of ethyl diethylene glycol. The 
stoichiometric equation is as follows: 
 

Table 1. Effect of variation of [H
+
], [Ce(IV)], ethyl diethylene glycol and [Ir(III)] catalyst on 

reaction rate constant at 35ºC 
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Table 2. Effect of ionic strength, SO4

2-
, HSO4

–
 and different temperatures 

 

 
 

Table 3. Thermodynamic parameters at 35ºC 
 

 
 

 
 

Fig. 1. Variation of substrate (ethyl diethylene glycol) at 35ºC, [Ce(IV)] × 103 = 2.00 mol dm-3; 
[H2SO4] = 0.80 mol dm

-3
; [Ir(III)] × 10

5
 = 7.65 mol dm

-3
;  

[Na2SO4] = 0.20 mol dm
-3

; μ = 3.024 mol dm
-3
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The product corresponding aldehyde was detected and identified by paper [22] and thin layer 
chromatography [23]. 
 
Mechanism: 
 

                                                                                                          (1) 
 

                                                                   (2) 
 

 
 

Fig. 2. Variation of catalyst at 35ºC, [Ce(IV)] × 103 = 2.00 mol dm-3; [H2SO4] = 0.80 mol dm-3; 
[ethyl diethylene glycol] × 105 = 2.00 mol dm

-3
; [Na2SO4] = 0.20 mol dm

-3
; μ = 3.024 mol dm

-3
 

 
where S is substrate i.e. ethyl diethylene glycol and X is [IrCl5.S]

2- 

 

                                                            (3) 
 
rate determining and slowest step. 
 

S
+
 + Ce(IV) —→ Product (P) + Ce(III)                                                                                     (4) 

 

                                                                 (5) 
 
where Y is [IrCl5(H2O)]

2-
 

 
Considering above reaction steps, the rate of the reaction in terms of loss of concentration of Ce(IV) 
may be written as equation. 
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                                                                                                   (6) 
 
On applying steady state treatment to [IrCl5·S]

2-
, we have eqn. 7 with the help of eqns. 2 and 3 

 

 
 
From eqn. 1 we have 
 

[SH+] = K1[S][H+]                                                                                                                      (8) 
 
By eqns. 7 and 8 we have 
 

                                                                      (9) 
 
Considering eqns. 1 and 9, we have 
 

                                                                            (10) 
 
where K′ = K1/[H2O] 
 

                                                                                (11) 
 
The rate law (11) is in agreement with all observed kinetics. The rate shows that the order of the 
reaction is zero-order in [Ce(IV)], first order in ethyl diethylene glycol and Ir(III) and positive effect of 
[H

+
] on the rate of reaction. Here n is 2 for ethyl diethylene glycol. 

 

4. CONCLUSION 
 
The dielectric constant of the medium shows positive effect on the reaction rate. There is insignificant 
effect of ionic strength of potassium sulphate on the reaction rate indicating interaction in the rate-
determining step being an ion-dipole type and not an ion type. Elevation of temperature increases the 
rate of reaction. Various activation parameters have been calculated and recorded. A suitable 
mechanism in conformity with the above observation has been proposed. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing interests exist. 



 
 
 

Current Research and Development in Chemistry Vol. 4 
Recent Research on Kinetics and Mechanism of Oxidation of Ethyl Diethylene Glycol by Ce(IV) Catalyzed by Ir(III) in Aqueous  

Sulphuric Acid Media 
 

 
176 

 

REFERENCES 
 

1. Wells CF, Husain M. Kinetics of oxidation of isopropanol by aquocerium (IV) ions in perchlorate 
media. Transactions of the Faraday Society. 1970;66:679-687. 

2. Sankhla PS, Mehrotra RN. Kinetics of cerium (IV) oxidation of formaldehyde in aqueous 
sulphuric acid solution. Journal of Inorganic and Nuclear Chemistry. 1972;34(12):3781-3788. 

3. Pondit AK, Das A, Banerjea D. Kinetics and mechanism of oxidation of 8-hydroxyquinoline and 
its derivatives by cerium (IV) through precursor complex formation. Transition Metal 
Chemistry. 1991;16(3):324-327. 

4. Rao MA, Adinarayana M, Sethuram B, Rao TN. Oxidation studies. 12.-effect of (Ag]
+
 Cu

2+
) on 

oxidation of acetic, propionic, isobutyric and pivalic acids by Ce
4+

 in sulfuric-acid medium. Indian 
Journal of Chemistry Section A-inorganic Bio-inorganic Physical Theoretical & Analytical 
Chemistry. 1978;16(5):440-442. 

5. Saiprakash PK, Sethuram B. J. Indian Chem. Soc. 1973;50:211. 
6. Sharma YR, Saiprakash PK. Indian J. Chem. 1980;19A:1175. 
7. Reddy MR, Sethuram B, Rao TN. Kinetics of oxidation of mannitol by Ce4+ in H2SO4 

medium. Current Science. 1973;42(19):677-679. 
8. El-Tantawy YA, Abu-Shady AI, Ezzat II. The mechanism of Os (VIII)-catalyzed Ce (IV) As (III) 

reaction. Journal of Inorganic and Nuclear Chemistry. 1978;40(9):1683-1684. 
9. Anantharaman R, Nair MR. Indian J. Chem. 1976;14:45. 
10. Chimatadar SA, Nandibewoor ST, Sambrani MI, Raju JR. J. Chem. Soc. Dalton Trans. 1978; 

573. 
11. Singh MP, Singh HS, Verma MK. Kinetics and mechanism of the ruthenium (III) chloride 

catalyzed oxidation of butanone-2 and pentanone-3 by cerium (IV) sulfate in aqueous sulfuric 
acid medium. The Journal of Physical Chemistry. 1980;84(3):256-259. 

12. Blakemore JD, Crabtree RH, Brudvig GW. Molecular catalysts for water oxidation. Chem. Rev. 
2015;115:12974– 13005. 

13. Ukuzumi S, Hong D. Homogeneous versus Heterogeneous Catalysts in Water Oxidation. Eur. 
J. Inorg. Chem. 2014;2014:645– 659.  

14. Macchioni A. The middle-earth between homogeneous and heterogeneous catalysis in water 
oxidation with iridium. Eur. J. Inorg. Chem. 2019;2019:7– 17. 

15. Zhang B, Sun L. Artificial photosynthesis: Opportunities and challenges of molecular catalysts. 
Chem. Soc. Rev. 2019;48:2216– 2264. 

16. Van Dijk B, Rodriguez GM, Wu L, Hofmann JP, Macchioni A, Hetterscheid DG. The influence of 
the ligand in the iridium mediated electrocatalyic water oxidation. ACS Catalysis. 2020;10(7): 
4398-4410. 

17. Yatsimirskii KB. Kinetics and mechanisms of homogeneous redox processes catalyzed by 
complex-compounds of platinum elements. Journal of the Indian Chemical Society. 1974;51(1): 
32-40. 

18. Das AK, Das M. Indian J. Chem. 1995;34A:866. 
19. Das AK. J. Chem. Res. (S). 1996;184. J. Chem. Res. (M). 1996;1023. 
20. Singh RA, Gautam A. Kinetics and Mechanism of the Ir (III) Catalyzed Oxidation of Methyl 

Diethylene Glycol by Ce (IV) in Sulphuric Acid Medium. Asian Journal of Chemistry. 2007;19(5): 
3839. 

21. Ginzburg SI, Yuzko MI. Russ. J. Inorg. Chem. 1965;10:444. 
22. Hartley RD, Lawson GJ. Improved methods for the paper chromatography of organic 

acids. Journal of Chromatography A. 1960;4:410-413. 
23. Feigl F. Spot tests in organic chemistry. Elsevier, New York. 1960;369. 
  



 
 
 

Current Research and Development in Chemistry Vol. 4 
Recent Research on Kinetics and Mechanism of Oxidation of Ethyl Diethylene Glycol by Ce(IV) Catalyzed by Ir(III) in Aqueous  

Sulphuric Acid Media 
 

 
177 

 

Biography of author(s) 
 

 
 
Dr. R. A. Singh(D.Sc.), Associate Professor 
Chemical Kinetics Research Laboratory, Department of Chemistry, Tilakdhari Postgraduate College, Jaunpur-222 002, India. 
 
Research and Academic Experience: 29 Years 
 
Research Area: Thermodynamics and Chemical Kinetics 
 
Number of Published papers: 48 Papers in National and International Reputed Journals 
 
Special Award (If any): F.I.C.C.E. 
 
Any other remarkable point(s): F.I.S.C., F.I.C.C. & F.I.C.S. 

_________________________________________________________________________________ 
© Copyright (2020): Author(s). The licensee is the publisher (Book Publisher International). 

 
DISCLAIMER 
This chapter is an extended version of the article published by the same author(s) in the following journal.  
Asian Journal of Chemistry, 21(2): 863-868, 2009.  



_____________________________________________________________________________________________________ 
 
1Scintific and Technological Center of Organic and Pharmaceutical Chemistry, National Academy of Sciences, Republic of 
Armenia. 
2Scientific and Technological Center of Organic and Pharmaceutical Chemistry, NAS RA, Yerevan, Armenia. 
3H. Buniatian Institute of Biochemistry, NAS RA, Yerevan, Armenia. 
*Corresponding author: E-mail: hovkarl@mail.ru; 

 
 

Chapter 14 
Print ISBN: 978-93-90206-41-4, eBook ISBN: 978-93-90206-42-1 

 
 

 

Application of Antioxidants as Effective Remedies at 
Hepatotoxic Action of Carbon Tetrachloride 
 
Karlen Hovnanyan1*, Vardan Mamikonyan2, Anahit Margaryan3, 
Kristine Sargsyan1, Margarita Hovnanyan1, Maria Karagyozyan2 
and Konstantin Karageuzyan2 
 
DOI: 10.9734/bpi/crdc/v4 

 
 

ABSTRACT 
 

The liver, as the central metabolic organ, plays an important role in metabolism of carbohy-drates, 
lipids and proteins. In the environment, there are many hepatotoxic xenobiotics. CCl4 is a free radical 
toxic for organelles of hepatocytes. The presented work was studying the character of ultrastructural 
changes in CCl4-intoxicated hepatocytes as well as the tissue after treatment by grape seed extract 
(GSE), α-tocopherol (α-T). As a result of cell bioremediation effect and reactions against corruptive 
factors, the liver has a high regeneration ability. Thus, the model of liver toxicity and the LC, based on 
the nature of ultrastructural changes of mitochondria and other compartments of hepatocytes, GSE, 
as well as α-T and STS, have corrective effect. TEM ultrastructural characterization of the GSE 
influence is evidence of its success cytoprotective and antitoxic features as well as hepatocytes from 
xenobiotic-CCl4 induced by cirrhosis rat liver. 
 
Keywords: CCl4; GSE; α-tocopherol; ultrastructural changes; intoxicated hepatocytes; electron 

microscopy. 
 

1. INTRODUCTION 
 

The liver, as human organ with high metabolic activity, plays an important role in metabolism of 
carbohydrates, lipids and proteins. As a result of cell protective cooperation and reactions against 
corruptive factors, liver also has a high regeneration ability [1,2]. In spite of considerable progress in 
hepatology [3-5], the study of corruption and regeneration mechanisms of hepatocytes on tissue, 
cellular and molecular levels remains to be very actual. Regeneration of the liver after resection is 
actually compensatory hyperplasia rather than a true restoration of the liver’s original gross anatomy 
and architecture [6,7,8]. Among toxins, which are widely used for modulating some damage of liver 
(liver cirrhosis—LC, hepatitis), the most popular is carbon tetrachloride (CCl4) [9]. 
 

Aim of the presented work was to study the character of ultrastructural changes in CCl4-intoxicated 
hepatocytes as well as the tissue after treatment by grape seed extract (GSE), α-tocopherol (α-T), as 
potential prophylaxis and treatment agents with antioxidant action at liver injury, mainly in 
experimental model of LC. 
 

2. MATERIALS AND METHODS 
 

2.1 Experimental and Preparation to Assays 
 

In this study, we used white male rats weighting between 180 - 200 g, which were subdivided into four 
groups: I- control group (intact animals); II-group, animals with experimental liver damages; III-group, 
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animals with experimental liver damages with GSE injection; IV-group, animals whit experimental liver 
damages with α-T. We induced liver damages by intraperitoneal injec-tion of CCl4 at a dose of 150 µg 
per 100 g of body weight. 
 
2.2 Electron Microscopy Аssays 
 
For transmission electron microscope study we use liver tissue examples from control group as well 
as from experimental groups after CCl4, GSE, α-T influence. Preliminary fixation of the samples was 
carried out in 2.5% glutaraldehyde solution in phosphate buffer, and post fixation—in 1% solution of 
osmium tetroxide in the same buffer [10]. The samples were dehydrated in ethanol solutions with 
increasing concentration, poured and soaked by araldite mixtures of resins. After polymerization, 
ultrathin sections were prepared for microtome “Reichert-Ultracut” consistent with their staining 
solution uranyl acetate and lead citrate [11]. 
 
The study of made preparations and them photomicrography was carried out using a transmission 
electron microscope “Tesla BS-500” in a voltage of 80 kV. 
 

3. RESULTS AND DISCUSSION 
 
Ultrastructural analysis of hepatocytes in the control group white rats liver has set a characteristic 
feature of hepatocytes expressed the depositors function. In the cy-toplasm we can see a large 
number of polysomes, granu-lar endoplasmic reticulum, vesicles, rosette-shaped gly-cogen granules, 
which are found in the area of lipid droplets without bounding membranes, lysosomes, rarely orthodox 
configuration mitochondria with the normal structure of the matrix and crista as well as heterochro-
matin and nucleolus in the nucleus of hepatocytes, gra-nular-fibrillar structure with normal 
configuration of si-nusoidal capillaries, the structure of Kupffer cells and space of Disse (Fig. 1(a) and 
(b)). 
 

  
 

(a)                                                       (b) 
 

Fig. 1. (a), (b) White rat hepatocytes (control group). TEM. Ultrathin section. Scale bare = 1 µm 
 
Electron microscopic study of the liver of albino rats after induction of liver toxicity revealed 
nonspecific damage of the mitochondrial membrane, mitochondrial swelling with fragmentation and 
destruction of their crista (Fig. 2(a)). In the cytoplasm of hepatocytes observed vesiculation, 
expansion of tanks of the endoplasmic reticulum and perinuclear space with a pyknotic changed 
nucleus and marginated chromatin. (Fig. 2(a)), as well as hyperplasia of the granular endoplasmic 
reticulum (Fig. 2(b)) and the simultaneous loss of ribosomes, which results in the transformation of 
granular endoplasmic reticulum in smooth (Fig. 2(b)). 
 
In the hepatocytes of the experimental animals in the areas of glycogen identified lipid droplets of 
various sizes and quantities, evidence of fat and vacuolar degeneration of the body. It was reveals a 
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sharp expansion of sinusoidal space, increase in cellular structures of connective tissue, including 
collagen fibrils, bundles of which fill the intercellular space, indicating the onset of the initial stage of 
LC (Fig. 3). 
 

  
 

(a)                                                                      (b) 
 

Fig. 2. (a), (b) TEM. Experimental white rat hepatocytes with CCl4-intoxication. Ultrathin 
section. Scale bare = 1 µm 

 

 
 

Fig. 3. TEM. Experimental white rat hepatocytes with CCl 4-intoxication. The initial stage of 
cirrhosis. Ultrathin section. Scale bare = 1 µm 

 

 
 

Fig. 4. (a), (b) TEM. Experimental white rat hepatocytes by CCl4 intoxication after GSE injection 
(III group). Ultrathin section. Scale bare = 1 µm 
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The ultrastructural changes are indicators of the activation energy, glycogen and protein synthesis 
processes in hepatocytes in response to a damaging factor [12]. 

 
GSE influence manifested itself in a protective-restorative effect on the ultrastructure of mitochondria 
with a decrease in the number of hepatocytes with lipid inclusions and vacuolization (Fig. 4(a) and 
(b)). 
 
The ultrastructure of hepatocytes and organization of sinusoidal cell space after GSE, as well as α-T 
was closer to the picture of intact cells (Fig. 5). 
 

 
 

Fig. 5. TEM. Experimental white rat hepatocytes intoxication with CCl4 after α-T injection (IV 
group). Ultrathin section. Scale bare = 1 µm 

 

4. CONCLUSIONS 
 
Thus, the model of liver toxicity and the LC, based on the nature of ultrastructural changes of 
mitochondria and other compartments of hepatocytes, GSE, as well as α-T and STS, have corrective 
effect. 
 
TEM ultrastructural characterization of the GSE in-fluence is evidence of its success cytoprotective 
and antitoxic features as well as hepatocytes from xenobiotic-CCl4 induced by cirrhosis rat liver. 
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