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Preface

The second International Conference on Pure and Applied Chemistry (ICPAC

2012) was held from 2 to 6 July 2012 at Hilton Mauritius Resort and Spa, Wolmar,

Flic en Flac, in Mauritius. The theme of the conference was “Chemistry: The Key

for our Future”. ICPAC 2012 was attended by 150 participants from 25 countries.

The conference featured 80 oral and 80 poster presentations. The keynote address

was given by Prof. Robert Huber, the 1988 Chemistry Nobel Prize winner.

The participants of ICPAC 2012 were invited to submit full papers. This book is

a collection of the papers selected during a subsequent peer review.

The book consists of 25 chapters covering a wide range of topics from funda-

mental to applied chemistry.

We would like to thank all those who submitted full manuscripts for consider-

ation and the reviewers for their timely help in assessing these manuscripts for

publication.

We would also like to pay a special tribute to all the sponsors of ICPAC 2012.

We hope that this collection of papers will serve as a useful resource for

researchers.

Department of Chemistry M. Gupta Bhowon

University of Mauritius, Réduit, Mauritius S. Jhaumeer-Laulloo

June 2013 H. Li Kam Wah

P. Ramasami
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Jacqueline Smadja Laboratoire de Chimie des Substances Naturelles et des
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Chapter 1

Elastomeric Actuators Based

on Ethylene-Vinyl Acetate

and Carbon Nanotubes

Klaudia Czaniková, Mária Omastová, Igor Krupa, Peter Kasák,

Ewa Pavlová, and Dušan Chorvát Jr.

Abstract The development of new types of visual-aid tablet for visually impaired

people requires the development of cheap, but still very effective photoactuating

materials. This requirement can be satisfied by the use of new kind of elastomers

filled by nanofillers, such as carbon nanotubes. Nanocomposites based on commer-

cial ethylene vinyl-acetate (EVA) copolymer and multiwalled carbon nanotubes

(MWCNT) were prepared by casting from solution. The non-covalent surface

modification of MWCNT was carried out by special, newly synthesized

compatibilizer cholesteryl 1-pyrenecarboxylate (PyChol). In order to mimic Braille

character, special home-built silicone punch and die moulds were used. The Braille

element based on EVA/MWCNT-PyChol composite displays reversible, multiple

changes of dimension in the direction of the irradiation during/upon illumination by

red and blue light-emitted diode (LED). Transmission electron microscopy (TEM)

showed a good dispersion of the MWCNT-PyChol within the matrix. The Braille

element behaviour under illumination was analysed by atomic force microscopy
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(AFM) and by nanoindentor. Nanoindentor, even if the purpose of its original use is

different, can be effectively applied for the determination of the actuation stroke, the

sample dimensional changes in the direction of irradiation.

1.1 Introduction

Revolutionary technologies are needed to improve the lives of visually impaired

and blind people. Current haptic representation in refreshable displays is techni-

cally inadequate and very expensive, thus limiting their use in daily life [1]. Reso-

lution, scalability to larger displays, and portability are deficient [2–4]. Mechanical

actuation by optical excitation is a much-sought after technology [5]. The devices

which utilise an effective photoactuating material are able to convey information in

the form of Braille text, maps and graphics to the visually impaired to improve their

mobility and quality of life [1, 6]. Part of the 7 RP Nano-Optical Mechanical

Systems (NOMS) project was to prepare photo-actuators which must not display

fast actuation response during illumination, but have to provide fully reversible

actuation. The main disadvantage of available electronic Braille devices is that they

show only a single line of text and cannot display graphical images, mathematical

equations, maps, music, and so on [7]. The typical Braille cell is illustrated in

Fig. 1.1. It has to be pointed out that in the proposed design not only embossed

points are displayed, as it is in the cases of printed Braille characters. In this case, all

six points are potentially displayable. The required Braille character is then formed

by moving the individual Braille elements up.

So far various prototype electronic Braille cells have been constructed using

conjugated polymers such as polypyrrole [8], ionic polymer-metal composite

bending type actuators [9], or electrostrictive elastomers [10]. However, according

to the best of our knowledge, commercially available devices work on the basis of

Fig. 1.1 (a) Two Braille characters, each one consisting of six raised dots arranged in two

columns containing three elements, (b) cross-section of the two Braille characters and (c) example

of Braille symbol – Braille glyph for letter C (raised elements at positions 1–4)

2 K. Czaniková et al.



piezoelectric phenomenon. The following parameters have been reported for

standardization of Braille devices – the pin matrix density should be up to

1 cell/mm2, actuating speed have to be more than 50 Hz, and energy density

about 10 W/cm2 [11, 12]. New type of Braille display was presented based on

dielectric elastomer. The tactile display is organized with a dual-layer array of

tactile cells which generates vertical motion of the Braille pins. The elastomer

actuator is compressed in the thickness direction while it is expanded in the lateral

direction when a voltage is applied [13–20]. In another study the Braille tablet made

by two adjacent Braille cells (consisting of six stimulating pins arranged in a 3 � 2

array format) were read by the visually impaired persons. The data for two types of

recognition rates were obtained as Hit Recognition Rate (HRR) and Number

Recognition Rate (NRR). The HRR corresponds to the rate movement of the Braille

dots and NRR correctly reading of the Braille dots. The results represented at

actuating frequency of the Braille pins was 15 Hz and HRR increases up to about

80 % and the NRR indicates a maximum of 41 %. The obtained results are much

better than originally expected [21]. Carpi et al. [22] described the developing

push–pull hydrostatically coupled dielectric elastomer actuators. Silicone

elastomers membranes filled with oil created bubbles with diameter of 6 mm and

were driven up to a voltage of 2.25 kV, applied across a silicone film with a

thickness of 42 μm. Specific interest to miniaturize such kind of actuators was

motivated by an intention to develop a novel tactile display.

Commercially available refreshable tactile display providing access to high-

resolution graphics (pictures, graphs, tables, diagrams etc.) and more than two

lines Braille texts are still missing. Only Braille displays using piezoelectric

elements work very reliably but on the other hand these displays are still very

expensive and noisy [7, 23]. Revolutionary technologies are needed to improve the

lives of blind and partially sighted people in order to increase the change of

obtaining more information. The nanotubes-polymeric materials are potential

candidates for creating new type of actuator because of expected decreased

manufacturing costs and true photo-actuation which can be used for construction

of haptic display for visually impaired people. The photomechanical actuation is

preferred to electromechanical transduction due to the following reasons: wireless

actuation, low noise, easy scaling up and down.

The main aim of NOMS project was to develop the prototype of a high resolu-

tion, refreshable, tactile visual-aid tablet and demonstrate its capability to depict

Braille text and basic graphical information. This tablet have several features, such

as full text and graphical capability, fully integrated electronic circuitry, capability

to connect to a PC, rapid refresh rate, portability, manufacturability and low cost.

Two fundamental requirements are height raise and force output. The minimum

stroke height is 0.25 mm and force/pressure about 0.2 N [24]. The promising

solution is the use of actuators based on carbon nanotubes-polymeric materials

that can be activated by light.

Smart materials can react to a stimulus such as light, temperature, pH, mechani-

cal stress, etc. Dimensional changes in polymers can happen reversibly, depen-

dently on intensity and time of illumination with light [25]. The reversible shape

1 Elastomeric Actuators Based on Ethylene-Vinyl Acetate and Carbon Nanotubes 3



change can be achieved by conformation changes in the case of photochromic

molecules, for example, azobenzene undergoes a trans–cis isomerization controlled

by the polarization of the light [26].

Liquid-crystal elastomers inherently possess photo-actuating behaviour due to

the photoisomerization conformational changes of rod-like dye molecules when

small amounts of nanofillers-carbon nanotubes were incorporated into the matrix.

The photo-actuation mechanism in the case of liquid-crystal elastomers filled with

multiwalled carbon nanotubes (MWCNT) composites containing very low content

of MWCNT was explained by the absorption of light in the UV-vis or near IR

region, and the light was rapidly converted into local heat. The local heat is then

efficiently transferred to the stretched polymer chains near the MWCNT.

Subsequent contraction of the stretched polymer chains leads to the photo-

mechanical actuation [27, 28].

Ethylene vinyl acetate (EVA) is a commercial elastomer whose properties

depend on the ethylene/vinyl acetate ratio [29]. The domain structure of EVA

copolymers consists of partially crystalline polyethylene blocks and flexible vinyl

acetate blocks [30]. This is mainly focused on EVA containing non-covalently

modified multiwalled carbon nanotubes by newly prepared surfactant, arbitrarily

here called PyChol and on their photo-actuation response. The composites were

prepared by casting from solution due to better dispersion of MWCNT-PyChol

within the dissolved polymeric matrix against the mixing with molten polymer

[31]. The cast composite foil was used to prepare Braille element using specially

designed moulds. The height of the Braille element temporarily increases after

illumination and this process is fully reversible. After switching off the light, the

Braille element returns to its original shape and height. New developed methods,

namely the method using the atomic force microscopy (AFM) and nanoindentor

were used to investigate the photo-actuation behaviour of the prepared composites.

As far as we know, these methods for characterisation of photoactuation were not

reported in literature till now. Here it must be mentioned, that almost all the

reported results which can be found in literature are based on the characterisation

of photoactuating behaviour of materials in the form of strips. For this

characterisation, various setups, usually home-made ones were created, utilising

the measurements of the force change at the fixed length during illumination

[32–36]. The reports on the testing of photoactuation of Braille characters are

very rare, the newest papers in this field have been presented by Camargo et al. [37].

1.2 Methodology

1.2.1 Materials

Tetrahydrofuran (THF, POCH S.A. 99.5 %, Poland) was dried and freshly distilled

from sodium/benzophenone. A commercial ethylene-vinyl acetate copolymer

(EVA, Levapren 500, Lanxess, Germany) containing 50 wt% of vinyl acetate was

4 K. Czaniková et al.



used as a matrix. MWCNT (Nanostructured & Amorphous Materials, Inc.;

Houston, TX 77084, USA) were used as the filler. The purity of the MWCNT

was 95 %, the outside diameters were in the range of 60–100 nm, the lengths were

in the range of 5–15 μm and the surface area was 64 m2/g.

1.2.2 Preparation of Composites

The EVA/MWCNT nanocomposites were prepared by casting from solution.

Non-covalent surfacemodification ofMWCNTwas done using special compatibilizer

cholesteryl 1-pyrenecarboxylate (PyChol). The weight ratio MWCNT/Py-Chol was

chosen as 1/5 after first testing with lower amount ofmodifier. The used amount of the

carbon nanotubeswas selected according to the published results [5]. The solutionwas

sonicated for 2 h at amplitude of 20 % (~35 μm, ~60 W/cm2, Hielscher 400 S) and a

duty cycle of 100 %. After sonication, 10 g of EVA was added and the final solution

was stirred and subsequently poured into a Teflon-coated Petri dish and allowed to dry.

The sample was dried in the oven and additional drying was performed in a vacuum

oven for 6 h at 70 �C. The EVA/MWCNT-PyChol composite foil was prepared by

compression moulding (Fontijne SRA-100, The Netherlands) for 15 min at a pressure

of 2.4 MPa and temperature of 60 �C. Special custom-made punch/die moulds

were applied to the EVA/MWCNT-PyChol nanocomposite to achieve the shape of

a Braille element [38].

The composite material was placed between punch/die moulds and loaded by

200 g weight in the oven at 60 �C and subsequently cooled down in ice water in

order to freeze the structure. The final shape of the two Braille characters and also

one Braille element are shown in Fig. 1.2.

1.2.3 Transmission Electron Microscopy (TEM)

TEM was performed with a Tecnai G2 Spirit Twin 12, FEI, and thin samples were

prepared by ultramicrotome (Ultracut UCT, Leica) under cryo-conditions (the

Fig. 1.2 The prepared two Braille characters and detail of the Braille element based on an EVA

composite filled with non-covalent modified carbon nanotubes
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sample and knife temperatures were �70 �C and �45 �C, respectively). The
ultrathin sections were transferred to a microscopic grid, covered with a thin carbon

layer to improve their stability under the electron beam and observed in a TEM

microscope. All micrographs are bright field images taken at an accelerating

voltage of 120 kV that show dark carbon nanotubes in the light polymer matrix.

1.2.4 Photo-Actuation Study of Prepared Braille Element
by Atomic Force Microscopy and by Nanoindentation

In this paper we present two newly developed methods for characterisation of the

photoactuation behaviour of nanocomposites. Despite the fact that both utilised

equipment are commonly used for totally different types of material characterisation,

they can be also adapted for the characterisation of the photoactuating behaviour.

The first of these methods, the Atomic Force Microscopy (AFM), is a well-

established tool for the study of structural and physical properties of macromolecules

at the surface, as well as high-precision 3D topography. It allows characterization of

the surface both in dry andwet conditionswith nm resolution, depending on the size of

tip. Here, we applied AFM in contact mode (Smena Solver P47H, NT-MDT, Russia)

to study the deformation changes of Braille element under illumination using light-

emitted diodes (LEDs). However, it must be pointed out that this method enables only

the qualitative characterisation of the photoactuation process. Simply said, we can

obtain only the information whether the material is photoactuating or not. This fact is

caused by the restricted amplitude of the cantilever movement, as can be seen later.

Two types of LEDs were used - red LED (Philip Luxeon, λ ¼ 627 nm) and blue

LED (Philip Luxeon, λ ¼ 470 nm) at applied current of 150 mA or 300 mA. A Si

cantilever (length 100 μm and width 35 μm) with a force constant of 11 N∙m�1 and

a tip curvature of 10 nm (NT-MTD, Russia) was used. The changes in the position

of the AFM tip in the vertical direction were recorded and plotted against time. The

hole in alumina foil is used for focusing the light to the Braille element illumina-

tion, where the CNT are aligned in order to achieve the actuation. Scheme of a AFM

setup is shown in Fig. 1.3.

Nanoindentor Hysitron TriboLab® Nanomechanical Test Instrument equipped

with a Scanning Probe Microscope (SPM) and a Berkovich probe was used for the

characterisation of the photoactuating behaviour of materials. The actual use of

nanoindentor is the characterisation of mechanical properties of the surfaces.

However, similarly as in the case of AFM, it can be adapted for the photoactuation

measurements. The TI 750 Ubi nanomechanical test instrument is a dedicated

scanning nanoindentor. The principal components in a nanoindentation experiment

are the sensors and actuators used to apply and measure the mechanical load and

indentor displacement, and the indentor tip. The latter component is conventionally

made of diamond, formed into a symmetric shape. The force and displacement are

recorded as the indentor tip is pressed into the test material’s surface (in our case on
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the Braille element) with a prescribed loading and unloading profile. For our

purpose, we only used the fact that it is possible to determine accurately the height

of the Braille element on the top before and after illumination. This gives us the

information about total actuation deformation of the material, and, what time is

needed to reach that maximum. In this case we do not obtain the whole dependence

deformation versus time, as it was possible in the case of AFM measurement.

1.3 Results and Discussion

1.3.1 A Dispersion Study of Carbon Nanotubes Within
Polymeric Matrix

The proposed non-covalent surface modification of carbon nanotubes (CNT) is

based on the van der Waals interaction between the nanotubes and various

molecules that consist of aromatic rings through π-π stacking. The main advantage

of this procedure is that CNT are not broken during treatment as well as it does not

disturb delocalized π electrons and thus, it does not change the inherent electrical

conductivity of CNT. Moreover, this kind of non-aggressive treatment does not lead

to the breaking of nanotubes, as it usually happens during modification by strong

acids [39].

Specially developed surfactant, based on pyrene molecules and long alkyl or

cholesteryl groups, was used for CNT surface modification to ensure affinity and

good compatibility of the CNT surface with polymeric matrix and good filler

dispergation. For better dispergation of CNT we modified the carbon nanotubes

non-covalently using PyChol surfactant.

Fig. 1.3 Sketch of the setup for AFM measuring height changes for Braille element during

illumination by red LED
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The extent of MWCNT dispersion within the EVA polymeric matrix was

characterized using TEM. Figure 1.4 depicts a good dispersion of carbon nanotubes

due to cholesteryl 1-pyrenecarboxylate compatibilizer used for CNT non-covalent

surface modification. Single carbon nanotubes and a minimal amount of their

agglomerates were observed, but also a small amount of amorphous carbon nano-

tube impurities were detected within EVA matrix. The dispersion study of the

nanocomposite with unmodified MWCNT was also done by TEM (not shown

here), in this case worse dispersion was obtained compared to nanocomposite

prepared with compatibilizer.

1.3.2 The Photo-Actuation Study of Braille Element
by AFM and Nanoindentation

The photo-actuation response during/after illumination of the Braille element was

investigated by AFM method. Two Braille characters were prepared using special

titanium punch and die moulds, as depicted in Fig. 1.2. The Braille characters were

cut to individual Braille elements for characterization of photo-actuation response.

Using red LED diode when the applied current was set to 150 mA (power

3.5 mW) the original height of Braille element (BE) was increased about 2.52 μm
after 35 s of illumination. After switching off the light, the time for the BE

relaxation to original shape was 65 s (Table 1.1). A faster response was obtained

when the power of the red LED was increased to 6.6 mW (300 mA). In this case, the

Fig. 1.4 TEM images of the Braille element based on an EVA composite containing 0.1 wt%

MWCNT

Table 1.1 The power of the red LED, illumination and relaxation times (Tillum and Trelax) height

changes of the Braille element based on an EVA/0.1 wt% MWCNT-PyChol composite at two

different applied currents

Applied current (mA) Power of LED (mW) Tillum
* (s) Trelax

* (s) Height changes (μm)

150 3.5 35 65 2.52

300 6.6 6 30 2.54

8 K. Czaniková et al.



Braille element grew to 2.54 μmwithin 6 s and then BE returned back to its original

position after 30 s. Figure 1.5 depicts the actuation during illumination with red

LED at applied current of 300 mA (a) within 6 s, and after switching off the light-

emitting source (b) the Braille element relaxed to the original height.

Table 1.1 summarized the results obtained during AFM study of BE illumination

by red LED at 150 mA and 300 mA applied currents, illumination and relaxation

times, measured height changes (μm) of the Braille element based on an

EVA/0.1 wt% MWCNT-PyChol composite. The original height of the Braille

element was 0.138 mm.

In the next study, the photo-actuation response of the Braille element was

measured using a blue diode (λ ¼ 470 nm) at applied current of 300 mA, see

Fig. 1.6.

In the case of blue LED at 300 mA applied current the power of this LED is

9.6 mW. Figure 1.6 depicts the measured photo-actuation response of Braille

element during illumination by blue LED. The results show high reproducibility

of photo-actuation. Figure 1.6 represents 19 cycles of reversible actuation of the

characterized BE as an example of BE behaviour during illumination. The maxi-

mum deformation of BE observable by AFM due to cantilever movement upon

illumination was obtained after 6 s of illumination in both cases when the applied

currents were set 150 mA or 300 mA. As can be seen in Fig. 1.6, the Braille element

returned to its original position after 15 s (b), which means that the relaxation time

was approximately half of that measured after illumination using red LED at the

same set current of 300 mA. The main advantage of using blue LED with high

Fig. 1.5 An AFM recording of the height changes over time for a Braille element based on an

EVA/0.1 wt% MWCNT-PyChol composite (a) upon illumination (red LED, at an applied current

of 300 mA) and (b) after switching off the red LED
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power was faster actuation and relaxation responses. The photo-actuation measure-

ment by AFM was realizable only over a range of�3.0 μm to +3.0 μm, which is the

maximum amplitude of the cantilever movement. AFM method was used here to

observe the photo-actuation responses of new types of prepared composites and to

obtain information about the rates of actuation and relaxation for prepared Braille

elements. On the other hand, it was not possible to determine the maximum

amplitude of the actuation and relaxation for these samples due to the limited

amplitude of the cantilever movement.

Due to this limitation, the method based on the nanoindentor was introduced to

determine the maximal deformation changes under illumination for the Braille ele-

ment. As mentioned above, this method could not determine the dimensional profiles

over time like AFM, but it could give us information about the real height changes of

the Braille element before and during illumination. In this case, the Braille element

was illuminated from the bottom using (as depicted in Fig. 1.3) a red or blue LED.One

Braille element was illuminated and the surrounding area of Braille element was

shielded with alumina foil. The photo-actuation response of the Braille element under

illumination wasmeasured at various current settings. An appropriate photo-actuation

of the composite material was observed. An expansion was obtained during illumina-

tion. The results are presented in Table 1.2 for the Braille elementmeasured at 200 and

300 mA following illumination with red or blue LEDs.

A maximum deformation change upon illumination using blue LED about

15.2 μm was obtained at applied current of 300 mA. This deformation was much

higher than that following illumination of the Braille element using a red LED.

Fig. 1.6 An AFM recording of the height changes over time for a Braille element based on an

EVA/0.1 wt%MWCNT-PyChol composite (a) upon illumination (blue LED, at an applied current
of 300 mA) and (b) after switching off the blue LED
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These data were also in good agreement with the faster actuation and relaxation

responses previously observed by AFM when using a blue LED instead of a red

one. The power (mW) for both diodes was measured at different applied currents

(mA) as depicted in Fig. 1.7.

Higher actuation obtained with blue LED diode (Table 1.2) is associated by

increased scattering and by higher absorption at lower wavelength [40] compared

with red LED diode (at applied current of 300 mA) by nanoindentation technique.

The same effect by AFM method was obtained, as faster relaxation speed was

investigated when driven by blue LED (9.6 mW) than red LED one (6.6 mW) at

applied current of 300 mA. Information about the rates of actuation and relaxation

times were investigated by AFM. The precise, actual height changes of Braille

element during illumination were obtained by nanoindentation method. The height

of the Braille element temporarily increases after illumination and this process is

fully reversible as shown by AFM study. After switching off the light, the Braille

element returns to its original shape and height. The photo-thermo-mechanical

actuation mechanism is explained by presence of carbon nanotubes in elastomeric

nanocomposite, which convert light to heat and increase the heat transfer efficiency.

It is caused by inherent high conductivity of carbon nanotubes that originates from

their delocalized π-bonded skeleton [41]. The accumulated heat from CNT is

released to polymeric matrix and triggering the actuation. Even by AFM study it

Table 1.2 The power of the red and blue diodes, height changes of the Braille element based on

an EVA/0.1 wt%MWCNT-PyChol composite as measured by nanoindentation at different applied

currents

Applied current

(mA)

Power of red LED

(mW)

Height changes

(μm)

Power of blue LED

(mW)

Height changes

(μm)

200 4.4 6.4 5.8 9.8

300 6.6 9.7 9.6 15.2
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Fig. 1.7 Power outputs

(mW) against different

applied current (mA) for red
LED (λ ¼ 627 nm) and blue
LED (λ ¼ 470 nm)
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was not possible to determine the maximum amplitude of the actuation and relaxa-

tion, but it showed that prepared nanocomposite is perfectly stable, and fully

reversible actuation was determined after hundreds of cycles. The new developed

nanocomposites based on EVA copolymer and well dispersed carbon nanotubes are

promising materials for creation of actuators which are activated by light. Therefore

photoactuation study of nanocomposites is in progress in our laboratory and other,

more complex methods will be used in the near future for detailed characterization

of Braille element prepared from EVA and carbon nanotubes.

1.4 Conclusions

The EVA/0.1 wt% MWCNT-PyChol composites were prepared by casting from

solution. The reason for the selection of this filler content was motivated by the

works published very recently, where this filler content was reported as sufficient

for the evocation of photoactuating effect, maintaining the properties of a neat

polymeric matrix. To improve the dispersion of carbon nanotubes within the EVA

polymeric matrix, newly synthesized cholesteryl 1-pyrenecarboxylate compati-

bilizer (PyChol) was used. The ratio CNT/PyChol equal to 1/5 was determined

from the optimisation process, testing the dispersibility and the dispersion stability

over long time in the low molecular solvents. Very good dispersion of modified

fillers within the EVA matrix was demonstrated by TEM. The photo-actuation

behaviour of Braille element prepared from nanocomposite was investigated by the

newly developed methods, utilising commercial devices such as AFM and

nanoindentor, which are originally employed for different types of character-

isations. However, after a small adaptation, these methods were able to characterize

the photoactuation response of investigated materials upon illumination by red and

blue LEDs. An expansion was detected upon illumination of the bottom of the

Braille element. AFMmethod was chosen to determine the actuation and relaxation

times, both of which depended on the type and power of the LEDs used. This

method is very simple and offers fast information about qualitative behaviour of

materials under irradiation. As for the characterisation by nanoindentor, this one

provided information about the total deformation amplitude of material.
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Chapter 2

Identification of Volatile Compounds

from Flowers and Aromatic Plants:

How and Why?

A. Bialecki and Jacqueline Smadja

Abstract When working on volatile compounds from plants, the objectives are

multiples and can be summarized in four points: (1) Research of bioactive molecules,

(2) Chemotaxonomic studies, (3) Applications in perfume industry, (4) Plant-insect

interactions. Each of these four points will be discussed and illustrated by one or

several examples of research projects conducted in the Chemistry Laboratory of

Natural Substances and Food Sciences. The first two points exclusively concern

volatile compounds generated by essential oils extracted from endemic or indigenous

plants of Reunion, Mauritius and Madagascar islands. The two last points are

dedicated to volatiles found in the airspace (headspace) surrounding flowers. This

paper will also present a selection of sampling methods for volatile compounds that

range from conventional, inexpensive, solvent-free, quick sampling methods to

innovative methods, as well as an overview of detection and identification methods

of volatiles including GC-FID and GC-MS.

2.1 Introduction

Aromatic plants are often confused with medicinal plants because they secrete

chemicals which sometimes have pharmacological effects. But rigorously, aromatic

plants are considered as plants which secrete volatiles by, at least, one vegetative or

reproductive organ, often leaves but also roots, stems, bark, seeds, fruits and flowers.

These volatiles may act as aroma and flavour molecules due to their interactions with

human receptors. The primary functions of these compounds released into the atmo-

sphere are to defend plants against herbivores and pathogens or to provide a reproductive
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advantage by attracting pollinators and seed dispersers [1]. Today, a total of 1,700

volatile compounds have been described from more than 90 plant families [2]. These

volatiles constitute about 1 % of plant secondary metabolites known to date and are

typically classified into four major categories: terpenoids, phenylpropanoids/benze-

noids, fatty acid and amino acid derivatives [3]. Knowledge of the identity and relative

amounts of the volatile substances released by plants is of great importance to several

fields of basic and applied research in biology, chemistry and many other disciplines.

Obtaining this knowledge requires overcoming many analytical challenges posed by

these complex mixtures, because they present large variations in component amounts,

chemical structures and functionalities.

After a short presentation of the functions of plant volatiles, the chemical

compounds classes in plant volatiles, and a discussion on Sect. 2.3, this chapter will

cover several practical approaches to plant volatiles analysis: isolation techniques,

separation and detection techniques, and compound identification procedures. A few

examples will be presented next, to highlight some of the research topics focused on

plant volatiles and developed by the Chemistry Laboratory of Natural Substances and

Food Sciences (LCSNSA).

2.2 Plant Volatiles

2.2.1 Functions of Plant Volatiles

It is recognized that these compounds stored in specialized secretory structures such

as glandular trichomes or resin ducts [4, 5] are not only emitted by plants in

response to abiotic stress such as light and temperature changes, flooding and

drought, ultraviolet radiation and oxidants, but they are also used as a sophisticated

“language” by plants to have a dialogue with other organisms: microbes, animals,

and even other plants [1, 3, 4, 6–10].

Some compounds may attract beneficial insects such as pollinators, whereas

others are involved in different modes of defense: direct defense, indirect defense

and inter-plant priming.

Direct defense involves the production of compounds that inhibit microbial

growth, also kill or repel herbivores. Indirect defenses involve the production of

compounds that minimize infestations of herbivores by attracting natural enemies

preying upon or parasitizing herbivores according to the proverb “The enemy of my

enemy is my friend”. Finally, chemical volatile signals released from injured plants

not only affect herbivores and pathogens but may also signal alarm to neighbouring

plants by triggering defense responses. This is called inter-plant priming.
Many of these compounds have been referred to as “secondary metabolites” to

distinguish them from the “primary metabolites” required for the growth of plants.

These secondary metabolites however, are likely to be essential for successful

competition or reproduction.
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2.2.2 Chemical Compounds Classes in Plant Volatiles

The volatile compounds emitted by plants are generally lipophilic and belong to

several different classes but are united by their low molecular weight (from 30 to

300 amu) and vapour pressure sufficient to be released and dispersed into the air

under normal pressure and temperature. In aromatic and scented plants, they

originate from four categories of chemicals: terpenes derivatives, aromatic

derivatives, fatty acid derivatives and amino-acid derivatives. Other groups seem

to be more sporadic [3, 4, 10–13].

Terpenes Derivatives

Terpenes derivatives, also called isoprenoids, are defined as materials derived from

the head-to-tail linkage of the isoprene moiety (2-methylbutane). The isopropyl part

of 2-methylbutane is defined as the head, and the ethyl residue as the tail. Depen-

ding on the number of isoprene subunits one differentiates between hemi- (C5),

mono- (C10), sesqui- (C15), di- (C20), sester- (C25), tri- (C30), tetraterpenes (C40)

and polyterpenes (C5)n with n > 8. In mono-, sesqui-, di- and sesterterpenes, the

isoprene units are linked to each other from head-to-tail; tri- and tetraterpenes contain

one tail-to-tail connection in the centre (Fig. 2.1).

Sometimes skeletal rearrangements occur and fragmentation or degradation

reactions can reduce the number of carbon atoms so that the empirical formula

does not contain a simple multiple of five carbons, thus providing irregular

terpenes. Nonetheless, the natural product chemist quickly recognizes the charac-

teristic terpene framework of the structure.

Terpenes encountered among the volatile compounds from plants are exclu-

sively mono-, sesqui- and diterpenes, as well as irregular ones.

Monoterpenes. These substances can be further divided into three groups

depending on whether they are acyclic (e.g. myrcene), monocyclic (e.g. limonene)

or bicyclic (e.g. α-pinene). Within each group, the monoterpenes may be simple

unsaturated hydrocarbons (e.g. limonene) or may have functional groups and be

alcohols (e.g. α-terpineol), aldehydes (e.g. citronellal), ketones (e.g. carvone),

esters (e.g. linalyl acetate) (Fig. 2.2).

Sesquiterpenes. Like monoterpenes, the sesquiterpenes fall chemically into

groups according to the basic carbon skeleton; the common ones are either acyclic

(e.g. α-farnesene), monocyclic (e.g. γ-bisabolene) or bicyclic (e.g. α-guaiene)
(Fig. 2.3). However, within each group there are many different compounds

known. Today, several thousands sesquiterpenoids with well-defined structures,

belonging to some 200 skeletal types, are listed.

Diterpenes. Very few diterpenes are reported in floral scents; this may be due to

their general low volatility (Fig. 2.4).

Irregular terpenes. The irregular terpenes include compounds varying in the

number of carbon atoms from 8 to 18. Among these are apocarotenoids, which are

biodegradation products of carotenoid compounds (C40) like β-carotene. Ionones
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such as dihydro-β-ionone, 6-methyl-5-hepten-2-one and geranyl acetone are the

compounds the most often cited (Fig. 2.5).

Aromatic Derivatives

The second category of volatile organic compounds, aromatic derivatives also

named as phenolic compounds or benzenoids, are mainly synthesized via the

shikimate pathway. This pathway got its name from shikimic acid, which is the

key step in the formation of the aromatic compounds. Examples of these include:

acetophenone, ortho-vanillin, cinnamyl alcohol (Fig. 2.6).
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Fig. 2.1 Parent hydrocarbons of terpenes (isoprenoids)
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Fatty Acid Derivatives

Fatty acid derivatives are often associated with green leaf odour emitted immedi-

ately following the breakdown and lipoxygenation of lipid membranes after

mechanical damage. However, these green leaf volatiles are sometimes also pro-

duced by flowers. Among the fatty acid derivatives, both saturated and unsaturated

hydrocarbons are fairly common, the majority having between 2 and 17 carbon

atoms (Fig. 2.7). Aldehydes, alcohols and ketones are also common. Free acids are

less common, whereas esters encompass the largest number of different chemical

structures. Special mention should be made of the six carbon-compounds known as

“green-leaf” volatiles like (Z)-3-hexenyl acetate found in vegetative as well as

floral scents of numerous plants. This compound probably plays a role in plant

defense [1, 7, 8].

Amino Acids Derivatives

Many plant volatiles including aldehydes, alcohols, esters, acids and nitrogen- and

sulfur containing compounds are derived from amino acids such as alanine, valine,

leucine, isoleucine and methionine, which play an important role in plant defense

by recruiting the natural enemies of the attacking herbivore. Amino acids on

de-amination form α-keto acid, which in turn forms formaldehyde, acids, alcohols

OH
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O
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a-Pinene D-3-Carene Camphor

Monocyclic

Bicyclic
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OAc
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O
H

Citronellal

Fig. 2.2 Chemical structures of some monoterpenic compounds
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and esters on decarboxylation, reduction, oxidation and esterification. Methionine

and cysteine have been found to be the precursor of sulfur containing volatiles such

as methanethiol, dimethyl disulfide and thioesters responsible for the odour of

garlic, onions and boiled potatoes (Fig. 2.8).

2.2.3 Variation in Plant Volatiles

The presence, yield and composition of secondary metabolites in plants, in particu-

lar volatile compounds, can be affected in a number of ways, from their formation

in the plant to their final isolation. Factors affecting volatile compounds production

g-Bisabolene Germacrene B Germacrone

a-Guaiene (+)-a-Vetivone Bulnesol
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Fig. 2.3 Chemical structures of some sesquiterpenic compounds
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include: (1) physiological variations such as organ development, pollinator activity

cycle, type of plant material (leaves, flowers, etc.), type of secretory structure,

seasonal variation, mechanical and chemical injuries; (2) environmental conditions
like climate, pollution, diseases and pests, edaphic factors; (3) geographic varia-
tion; (4) genetic factors and evolution; (5) storage [14].

2.3 Why Investigate Plant Volatiles?

Knowledge of the identity and relative amounts of the volatile substances emitted

by plants is of great importance to several fields of basic and applied research

mainly in chemistry and biology. So, they are studied for different purposes.

The first one is purely economic as plant volatiles can be used in a wide variety

of consumer goods such as detergents, soaps, toilet products, cosmetics,

pharmaceuticals, perfumes, confectionery food products, soft drinks, distilled alco-

holic beverages (hard drinks) and insecticides.

(-)-8(14),15-Isopimaradiene-11a-ol

H

HO

H

H
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O

OO

Incensole acetate Dolabella-3,7,18-triene
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O
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Fig. 2.4 Chemical structures of some diterpenic compounds
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The second one concerns more specifically ecology and focuses for example on

plant-plant communication, plant-insect interaction, plant pollination and defense,

thermo-tolerance and other environmental stress adaptation.

Studying volatile compounds from plants may also help to understand the

phylogeny or systematic of some plants through chemotaxonomy. The chemota-

xonomy (from chemistry and taxonomy), also called chemosystematics, is the

attempt to classify and identify organisms (such as plants), according to demons-

trable differences and similarities in their chemical compositions.

At last, volatile compounds are also studied for their biosynthesis. Although
many of the volatile constituents of plants have been identified, many of the

enzymes and genes involved in their biosynthesis are indeed still not known.

Such investigation could be interesting for biotechnological process. Indeed, for

some years now the demand for natural aroma chemicals is growing fast, in

response to both consumers, who are asking for a return to nature, as well as

perfumers and flavorists looking for novel creative ingredients. However, the

quality and supply of traditional natural flavour and fragrance chemicals are often

limited. So, in addition to extraction from natural sources, viable alternative and

innovative ways to provide flavour and fragrance chemicals include today
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biotechnological routes, i.e.microbial fermentation, biotransformation using whole

cells, biocatalysis using enzymes, plant tissue culture and transgenic plants. So,

production or modification of flavour by genetic engineering is thus dependent on

the knowledge and availability of genes that encode enzymes of key reactions that

influence or divert the biosynthetic pathways of plant-derived volatiles.

This increasing scientific interest in plant volatile compounds has led to the

development of a variety of systems for the collection and analysis of volatiles. The

choice of which system to use in a particular experiment for collection and analysis

obviously depends on the objective which is set. One must consider all the

advantages and disadvantages of each technique.
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2.4 How to Investigate Plant Volatiles?

2.4.1 Sampling Techniques

Extracting and trapping methods for volatile compounds stored in plants are very

numerous. The more commonly used methods will be described hereafter.

Extracting Methods

Extracting methods [15–17] can be divided into two groups: (1) traditional and

(2) innovative methods. In relation to the technique used, the qualitative and

quantitative composition of essential oils extracted from a same part of a plant is

quite different.

Traditional Methods

Distillation. This is the most popular, widely used and cost-effective method for

producing essential oils throughout the world. Distillation simply implies

vaporizing or liberating the volatile compounds from the plant cellular membranes

in the presence of moisture, by applying high temperature and then cooling the

vapour mixture to separate the oil from the water on the basis of the immiscibility

and density of the essential oil with respect to water. There are different techniques

of distillation: hydrodistillation, water and steam distillation, direct steam distilla-

tion, distillation with cohobation and hydrodiffusion.

Hydrodistillation. Hydrodistillation is the simplest and oldest process available

for obtaining essential oils from plants. Hydrodistillation differs from steam distil-

lation mainly in that the plant material is almost entirely covered with water in the

still which is placed on a furnace. An important factor to consider in water

distillation is that the water present in the tank must always be enough to last

throughout the distillation process; otherwise the plant material may overheat and

char. In this method, water is made to boil and the essential oil is carried over to the

condenser with the steam which is formed. Water-distilled oil is slightly darker in

colour and has much stronger still notes than oils produced by other methods.

Hydrodistillation is extensively used by small-scale producers of essential oil.

Water and steam distillation. To eliminate some of the drawbacks of water

distillation, some modifications were made to the distillation units. A perforated

grid was introduced in the still to support the plant material and to avoid its direct

contact with the hot furnace bottom. When the water level is kept below the grid,

the essential oil is distilled by the rising steam from the boiling water.

Direct steam distillation. In direct steam distillation, the plant material is distilled

with steam generated outside the tank in a steam generator or boiler. As water and

steam distillation, the plant material is supported on a perforated grid above the steam
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inlet. In water and steam distillation, the steam is at atmospheric pressure and hence

its maximum temperature is 100 �C, whereas steam in a modern pressure boiler

operating at, for example, 50 psi pressure will have a temperature correspondingly

higher. Moreover, there is no limitation to the steam generation when an external

boiler is used as a source of steam.

Distillation with cohobation. Cohobation is a technique that can be used for

hydrodistillation or for water and steam distillation. It uses the process of returning

the distillate water to the still after the oil has been separated from it so that it can be

re-boiled. This method has been developed for oils which have partial solubility in

water. Indeed, although most of the essential oils have finite solubility in water,

some oils like those of rose, lavender and geranium have comparatively higher

solubility. In such extractions, the loss with the outgoing water of distillation can

become alarmingly high. This problem can be solved by returning the condensate

water from the separator back to the still: this is known as cohobation. It is evident

that this cannot be done with steam distillation as the water level in the still will

keep building up to continuous steam injection.

Hydrodiffusion. This system was first described in 1983. Unlike traditional

steam distillation, hydrodiffusion works on the diffusion principle of allowing

steam to enter the top of the plant charge and diffuse oil from the oil glands. The

system is connected to a steam source, and low pressure steam is passed into the

plant material from a boiler. The condenser, which is directly under the basket

within the still, is of the tube type. The oil and water are collected below the

condenser in a typical oil separator (such as a Florentin flask). The yield of oil is

generally high and the process is advantageous because of reduced steam consump-

tion, shorter distillation time and absence of hydrolysis, as the raw material does not

come in contact with boiling water.

Cold expression. This technique is used for the very delicate type of Citrus
family oils which are easily destroyed even by moderate heat and damaged by the

steam because of their terpene and aldehyde composition. The peels of ripe Citrus
fruits are first squeezed by hand or by using special devices that press at room

temperature. Secondly, the oil is rinsed off in cold running water. The essence is

then collected after decantation.

Maceration in organic solvents. For delicate flowers such as Rose, Jasmine, or

Violet, volatile compounds can also be extracted by maceration in organic solvents.

This technique permits recovery of many volatile compounds that are lost during

distillation due to high temperature. The solvent dissolves all extractable matter

from the plant which includes waxes, pigments and highly volatile compounds. The

extraction efficiency depends on organic solvents (e.g. pentane, or petroleum ether),

the use of agitation and choice of temperature (between 25 �C and 30 �C) to

increase the solubility. The solution containing solvent and dissolvable plant

material is then filtered and the filtrate subjected to low pressure distillation to

recover the solvent for further use. The remaining waxy mass is called concrete.
The concentrated concretes are processed further to remove the waxy materials

which dilute the volatile compounds. To achieve this, the waxy concrete is warmed

and stirred with alcohol (absolute ethanol). During the heating and stirring process
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the concrete breaks up into minute globules. Since the aromatic molecules are more

soluble in alcohol than is wax, an efficient separation of the two takes place. But

along with volatile molecules a certain amount of wax also becomes dissolved and

this can only be removed by agitating and freezing the solution at very low

temperatures. In this way most of the wax precipitates out. As a final precaution

the purified solution is cold filtered leaving only the wax-free material which after

solvent evaporation is called absolute.
Enfleurage. This is a method of extraction involving the absorption of the

volatile compounds into a fatty substance. It is usually used to extract volatile

compounds from fairly soft plant materials, e.g. flowers, buds, petals and so on. In

the “Enfleurage” method the flowers or other plant materials are spread in a glass

dish which contains a thin layer of scentless and purified fat. In less modern times,

purified lard was often used for this purpose. The plant material is then left for 24,

48 or 72 h, and then replaced by fresh plant material at 24, 48 or 72 h intervals. This

process is repeated time and time again until the fat medium is “saturated” with

volatile compounds. The resulting fat is called a pomade.
Like concretes, this pomade is dissolved in a solvent (often ethanol). The fatty

substance itself does not dissolve, but sinks to the bottom of the vessel, while the

volatile components are dissolved in the alcohol. The alcohol is then gently heated

to give the absolute. Volatile compounds from Rose, Tuberose, Jasmine and Neroli

are collected in this way.

Innovative Methods

Important progress has been made in the development of novel separation

techniques with shortened extraction times, reduced solvent consumption, and

enhanced prevention of oxidation and isomerization, especially for thermolabile

and chemically highly active constituents.

Microwave extraction. Microwaves are increasingly being used as the heat

source to assist the extraction of volatile compounds. The developed microwave

extraction methods include the Solvent-Free Microwave extraction (SFME) and the

Microwave Steam Diffusion (MSD). The Solvent-Free Microwave Extraction in

particular is the most commonly used. This method involves placing the fresh plant

material in the microwave reactor without addition of water or any other solvent.

The internal heating of the water within the sample distends its cells and leads to

rupture of the glands and oleiferous receptacles. This process thus frees essential

oil, which is evaporated by the in-situ water of the plant material. A cooling system

outside the microwave oven continuously condenses the vapours which are col-

lected on specific glassware. The excess of water is refluxed back to the extraction

vessel in order to restore the in-situ water to the sample [18–20].

Supercritical fluid extraction. This is a solvent-free extraction method, usually

carried out using CO2 due to its advantages as a solvent for volatile compounds.

Under high pressure, CO2 turns into a liquid and acts as a solvent that can be used to

extract volatile compounds from plant material. CO2 is forced into a stainless steel
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tank containing plant material, then the pressure is released. As pressure decreases,

CO2 returns to a gaseous state and only the plant extract remains. One of the main

drawbacks of solvent-free extraction is its limitation to non-polar and medium-

polar substances, since it is mostly applied with CO2.

Ultrasound-assisted extraction. This extraction method can be used for the

extraction of volatile compounds localized in both surface glands, where a mild

ultrasonic treatment is enough, and inside the cells, where stronger treatment is

needed. Ultrasound-assisted extraction increases the performance of solvents and is

performed at lower temperature, which is less likely to result in losses of thermally

unstable compounds, but isomerisation and decomposition may occur for chemi-

cally unstable compounds. Ultrasound-assisted extraction provides smaller extrac-

tion yields than most classical methods such as hydrodistillation or steam

distillation and some recent extraction methods.

Trapping Methods

Several fields of study include analyses of floral volatiles in relation to pollination

biology, measurements of volatiles such as isoprene released from phytosynthetic

tissues in response to changes in light and temperature, and volatile emissions

induced by herbivore damage. In most cases, the emitted volatiles have to be

sampled and concentrated prior to subsequent analysis. Such investigation is

often referred to as headspace analysis [21–23]. Headspace sampling is a

non-destructive method for collecting volatiles in the airspace (or headspace)

surrounding above-ground plant parts. Compared with solvent extractions of

volatiles from plant tissues, headspace analysis gives a more realistic picture of

the volatile profile emitted by plants and detected by insects that respond to plant

volatiles, making this method most suitable for many ecologically relevant

applications.

There are different headspace sampling techniques: the static headspace sam-
pling (no air circulation) with the use of Solid Phase Micro-Extraction (SPME); and

the dynamic headspace sampling which includes Close-Loop Stripping (air is

continuously recycled), Pull and Push-Pull Systems (air is constantly taken up

from the outside, passed over the plant sample and through an absorbent trap). In

all these volatile collection methods, the used chamber for headspace collection

should be free of material that retains volatiles or cause bleeding of compounds that

may contaminate the system. Good choices for materials include glass, Teflon and

metal which are easy to clean and do not show bleeding, whereas materials such as

rubber, plastic, glues, adhesives and wood should be avoided.

Concerning more specifically static headspace analysis, the plant or its parts are

enclosed in a container and emitted volatiles are trapped onto an adsorbent. The air

surrounding the plant remains “static” which means it is not circulated in the

chamber. Volatiles are enriched on the adsorbing matrix without sampling

impurities of a continuous air stream that may obscure the detection of
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low-abundant volatile compounds. Thus, this method is advantageous for sampling

volatile compounds from low emitting plants.

An important advance in static headspace analysis was the development of

SPME which is a true “green revolution” in sample preparation techniques.

Cheap, fast, simple and solvent-free, this method enables the collection of volatiles

at detection limits in the ppbv (parts per billion by volume) range. Solid phase

micro-extraction is based on ad/absorption and desorption of volatiles from an inert

fiber coated with different types of ad/absorbents. The fiber is attached within the

needle of a modified syringe and volatiles can be sampled by inserting the needle

through a septum of a headspace collection container and pushing the plunger to

expose the fiber. Following equilibration between the fiber and the volatile sample

(a few minutes to half an hour), the fiber is retracted into the needle and can be

transferred to a gas chromatograph injector for direct thermal desorption. Solid

phase microextraction fibers can be reused approximately 100 times. By carefully

selecting the polarity and thickness of the fiber coating, compounds of different

polarity and volatility ranging from high-boiling or semi-volatile to volatile

compounds can be sampled. Solid micro-extraction does not provide directly

quantitative information since the adsorbed amount depends on the fiber-coating

affinity for the compound in addition to its concentration in the headspace. Thus,

the results obtained may misrepresent some volatiles and over-represent others.

However, quantification of volatiles by SPMEmay be possible by the application of

internal or external calibration.

2.5 Analysis Techniques

Plant volatile compounds extracted or trapped on ad/absorbing matrices are

routinely analysed by the standard technique of gas chromatography [24, 25].

A chromatographic system includes four fundamental blocks: (1) An injector;

(2) a column placed in an oven; (3) a detector and (4) a data system.

Injector. Samples are either injected as solvent extracts into the heated injector

in a split or splitless mode or desorbed from the adsorbent such as the SPME fiber

by placing it directly in a thermal desorption tube, heated to 250–300 �C. The
injection system then transfers the mixture of volatile compounds into the chro-

matographic column. Ideally, this must be done in a quantitative manner, without

discrimination due to molecular weight or component volatility and without chemi-

cal alteration of any constituent substance. So, an injector is a sort of entrance door

into the column where component separation is achieved.

Column. Volatiles from plants are commonly separated on fused capillary

columns with different stationary phases, such as the non-polar dimethyl

polysiloxanes (e.g. OV-1, DB-1, DB-5, CPSil 5) and the more polar polyethylene

glycol polymers, including Carbowax 20 M, DB-Wax and HP-20 M. Columns are

usually 30–60 m long (and have a stationary phase film thickness of 0.2–0.3 μm and

an internal diameter of 0.25 mm or 0.32 mm).
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Detector. Following separation on a GC column, volatile compounds can

be analysed by two different types of detectors. The first type, for example, a

flame ionization detector (FID) provides only information on retention times,

while detectors of the second type, such as Mass Spectrometry allow additional

structure evaluation.

Flame ionization detectors. With such a detector, organic compounds are

ionized in a hydrogen/air flame, producing a signal proportional to the mass flow

of carbon. They are commonly used for quantitative analysis because of their wide

linear dynamic range, their very stable response and their high sensitivity with

detection limits of the order of picograms and nanograms per compound.

Mass Spectrometry detectors. These are the most popular type of detector for

routine plant volatile GC analysis. In the mass spectrometers of most standard

GC-MS bench-top instruments, compounds exiting the GC column are ionized by

electron impact (EI) and the resulting positively charged molecules and molecule

fragments are selected according to their mass-to-charge (m/z) ratio by entering a

quadrupole mass filter. Total ion chromatograms are obtained, which provide

information on the retention time of each compound and its mass spectrum

consisting of a characteristic ion fragmentation pattern.

Data systems. For identification of compounds in GC-MS analysis, suggestions

can be obtained from popular computerized mass spectral libraries such as Wiley

[26], NIST [27] or MassFinder [28] and other databases not computerized devel-

oped by Adams [29] or Joulain and König [30].

Concerning the computerized MS library search, it is usually performed using

PBM (probability – based matching) algorithm, a library-search routine that uses a

reverse search to verify that peaks in the reference spectrum are present in the

unknown spectrum. Extra peaks in the unknown are ignored, thus allowing the

analysis of a spectrum resulting from a mixture of compounds. The PBM search

results displays the list of the best 20 matches that resulted from the library search

showing the name of each compound, the molecular weight and the correlation

coefficient or quality. The correlation coefficient is used as the first identification

criterion. However, mass spectra libraries cannot be used as unique and absolute

criteria for the identification of chromatogram peaks. This process is not always

straightforward but complicated by several issues.

First of all, even under highly reproducible mass spectrometry conditions, two

mass spectra of the same compound are not absolutely identical, but only similar to

each other. Measured on the same mass spectrometer under identical experimental

conditions, the similarity is usually excellent. However, in most cases, the reference

spectrum contained in the library has been recorded with another mass spectrometer

than the unknown mass spectrum, and the spectra may differ to a certain degree.

Using several types of spectrometer (quadrupole, ion trap. . .) result in many cases

in notable differences. Impurities of co-eluting peaks or air may also cause signifi-

cantly different spectra.

Furthermore, the essential feature of mass spectrometry for essential oils is that

mass spectra are not particularly unique in many cases. Within the broad class of

monoterpenes and sesquiterpenes found in essential oils, a large number of isomers
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of the same molecular formula but with different structure exist. Many times, their

mass spectra are very similar making the peak identification somewhat difficult and

sometimes impossible. The issue of substances with almost identical mass spectra

can only be resolved by using additional experimental data that are able to distin-

guish between them. The gas chromatography is indisputably the complementary

technique used to differentiate such compounds. The first solution consists of

identifying the components by co-chromatography with standards. If authentic

material is not available, the second solution is to combine the experimental values

for retention times and mass spectra that are two independent parameters:

substances with same mass spectra usually exhibit different retention times, or in

other words, co-eluting peaks could only pure chance give rise to identical mass

spectra. However, the retention time of the separated compounds cannot be utilised

as such owing to their dependence on many factors such as column length, column

polarity, carrier gas velocity and oven temperature program. All these elements

prevent comparison of the retention times obtained with those of other scientists.

A superior approach is then to use a derived value from the retention time called

Retention Index or Kovats Index. These have the advantage of being fairly insensitive
to experimental conditions and can therefore be replicated for a given stationary

phase. They represent a common language among chromatographers.

The Retention Index (RI) or Kovats Index (KI) is a relative value determined by

comparing the retention time of the compounds with retention times of two standard

compounds. Several homologous series of organic compounds can be used as

standards, but n-alkanes have been used exclusively. The formula for RI calculation

depends on temperature conditions.

For isothermal conditions:

RIðxÞ ¼ 100
log tR xð Þ

� �� log tR zð Þ
� �

log tR zþ1ð Þ
� �� log tR zð Þ

� �þ 100z

For linear temperature program conditions:

RIðxÞ ¼ 100
tR xð Þ � tR zð Þ
tR zþ1ð Þ � tR zð Þ

þ 100z

where:

RI(x) is the retention index of compound x

z is the number of carbon atoms in alkane z

tR(x) is the retention time of compound x

tR(z) is the retention time of alkane z

tR(z+1) is the retention time of alkane z + 1

To use the retention index system, a measure of gas chromatograms of all

n-alkanes covering the desired retention time range needs to be done; e.g. to

investigate monoterpenic and sesquiterpenic compounds a range of C9–C26 is
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needed, so all terpene peaks will elute between known alkanes. In order to measure

the complete alkane pattern, with only a single injection, mixtures of n-alkanes are
usually prepared from pure chemicals at 5 % concentration in pentane. The

measurement of the alkane pattern obviously has to be carried out under exactly

the same experimental conditions as the future analyses. Different GC-MS systems

will exhibit slightly different alkane patterns, so for each system the alkane pattern

has to be determined separately. Few compilations of retention indices are currently

available. Those which should be mentioned are:

Davies [31], a compilation of RI of some 400 monoterpenes and sesquiterpenes on

either or both types of stationary phase (non-polar and polar).

Kondjoyan and Berdagué [32], a compilation of RI of more than 2,000 volatile

compounds on non-polar (type DB-1 or DB-5) and polar (type Carbowax)

stationary phases.

Adams [29] and Joulain and König [30] list the retention indices of compounds on

non-polar stationary phases (DB-5 and CPSil-5) and their mass spectra.

Massfinder [28] also represents another excellent two dimensional search algorithm

that takes both retention index on non-polar stationary phase (DB-5) and mass

spectrum similarity into account. The library of this program covers approxi-

mately 2,000 compounds commonly found in essential oils, particularly

monoterpenic and sesquiterpenic compounds, diterpenes and related aromatic

and aliphatic constituents like esters or lactones. Most spectra acquired on

quadrupole spectrometers will be very similar and fully compatible with

Massfinder mass spectral collection. Mass spectra acquired on ion traps may

exhibit close similarity, but depending on the measurement conditions may

differ slightly.

To sum up, a correct identification of a volatile compound requires at least the

determination of Retention Indices on two columns with different polarities and a

good match quality of the mass spectrum of the compound of interest with that of

authentic standard.

2.6 Investigation on Volatile Compounds by LCSNSA

2.6.1 Environment Protection and Biodiversity Conservation

It is recognized that tropical oceanic islands contribute disproportionably for their area

to global biodiversity. However, these islands are also specifically vulnerable to many

threats including habitat loss, habitat degradation and fragmentation, and invasion of

exotic species. Tropical islands have therefore been considered biodiversity hotspots

containing many plant and animal species that are not found elsewhere but that are

under severe threat. A series of islands scattered in the western Indian Ocean along

the southeast coast of Africa has been recognized as a global biodiversity hotspot.

Dominated by the nation of Madagascar, the fourth largest island on earth, this
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hotspot also includes the independent nations: Seychelles (including Aldabra), the

Comoros, Mauritius (including Rodrigues), and the French overseas departments:

Reunion, Mayotte (one of the Comoros) and the Iles Eparses. Three of them

(Reunion, Mauritius and Rodrigues) are grouped together and make up the

Mascarene Islands. Reunion Island (2,512 km2) is the biggest of the three and

also contains the largest proportion of intact habitat types (ca 30 %) because of its

rugged topography which has precluded agriculture and large-scale urbanization.

Today, it appears obvious that all initiatives that can ensure biodiversity protection

on this volcanic island will enable to preserve representative tracts of Mascarene

ecosystems. Systematic conservation planning is widely considered the most

effective approach for designing protected area and other ecological network.

However, effective systematic conservation planning requires expert knowledge

on the distribution of plant and animal species, patterns of species richness and

composition, and the way they are interrelated. Thus, in this context, biologists,

botanists and chemists from the University of Reunion Island decided to collabo-

rate and contribute to a better knowledge of the fauna and flora of Reunion Island.

Among the several ongoing scientific projects, the phytochemical study about

species of the genera Psiadia and Melicope was envisaged by the LCSNSA for

chemotaxonomic purpose [33–36].

The genus Psiadia (Asteraceae) comprising aromatic plants is widely distributed

in tropical and subtropical regions. The taxonomy of this genus is rather complex.

Thus, in the Mascarenes, the taxonomic scheme established by Scott is built on the

segregation of the genus into five groups mostly based on morphological characters.

Nine species endemic to Reunion Island and Mauritius were investigated.

The genus Melicope (Rutaceae) encompasses more than 200 species occurring

from the Malagasy and Indo-Himalayan regions, east to Hawaiian and Marquesas

Islands and south to New Zealand. In the revision by Hartley, all Euodia species

from the Malagasy region, including the Mascarene Islands were transferred to the

Melicope species. Six of these species are endemic to Reunion Island. The six

species including sub-species and varieties were investigated.

For all these species, the chemical composition of the essential oil obtained from

their leaves by hydrodistillation has been examined. The chromatographic analyses by

GC-FID and GC-MS allowed the quantification and identification of their volatile

constituents. However, some of them could not be identified by computer matching

with MS libraries (laboratory-made and commercial) and Retention Index. So, their

complete structure was elucidated by means of mono- and bidimensional NMR

spectroscopic techniques after isolation and purification by repeated column chroma-

tography. Thus, several new molecules were identified. This is the case of an

acetylated monoterpene (1) and a sesquiterpene alcohol (2), both detected at a high

percentage in the essential oils of Psiadia anchusifolia, Psiadia argentea, Psiadia
boivinii and Psiadia salaziana. The occurrence of these unusual terpenoids in these

four species supposes that the latter have the same biosynthetic pathway and it may

also suggest that the two new molecules could be used as a chemotaxonomic tool for

the characterization of some Psiadia species. By NMR spectroscopy, we have also

identified a new oxygenated sesquiterpene (3), major constituent ofMelicope obscura
essential oil (Fig. 2.9).
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Environment protection and biodiversity conservation requires also a better

knowledge of inter-specific interactions between plants and their pollinators. No

other plant family shows as wide a range of pollinator-linked floral forms as

Orchidaceae, which exhibit pollination systems among most diverse, specialized

and complex of all angiosperms. Orchid pollination mechanisms have primarily

involved the insect orders Hymenoptera (bees, wasps and ants; these pollinate

roughly 60 % of orchid species), Diptera (flies and mosquitoes), Lepdoptera

(moths, hawkmoths and butterflies) and Coleoptera (beetles). Approximately 3 %

of orchid species are estimated to be pollinated by birds and 5–20 % of species are

thought to be self-pollinating. However, in spite of the large size of this model family

and a long history orchid pollination biology, the identity and specificity of most

orchid pollinators remain inadequately studied, especially in the tropics where the

family has undergone extensive diversification. Thus, in order to better understand

the reproductive biology of the tropical orchids on Reunion Island, biologists and

chemists from The University of Reunion investigated the pollination syndromes

i.e. floral morphology, breeding system, pollinator diversity, floral scent profile and

fruity success of orchid species of the genera Angraecum [37, 38], Jumellea [39] and
Bulbophyllum [40]. Floral scents were studied using headspace solid phase micro-

extraction combined with GC-MS analyses. On the basis of this work, it has been

demonstrated that one species of Angraecum (A. cadetii) is pollinated by a highly

unexpected pollinator, an undescribed species of raspy cricket (Glomeremus
orchidophilus, Gryllacrididae). Although Orthoptera are well known for herbivory,
this represents the first clearly supported case of orthopteran-pollination.

2.6.2 Commercial Goals

The second objective of the investigation of the LCSNSA on aromatic plants is

more commercial. It concerns not only essential oils but also the composition of

headspace from fragrant flowers.

Essential Oils

Essential oils are valuable natural products used as raw materials in many

fields, including perfumes, cosmetics, aromatherapy, spices and nutrition, etc.

Aromatherapy is the therapeutic use of fragrances or volatile compounds to cure,

mitigate or prevent diseases and infections by means of inhalation. This has

attracted our attention and encouraged us to screen plants to study the biological

O

O
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Fig. 2.9 New compounds

isolated from Psiadia and

Melicope species
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activities of their oils from chemical and pharmacological investigations to

therapeutic aspects. Hopefully, this will lead to new information on plant applications

and new perspective on the potential use of these natural products. Of course, it is

clear that only a detailed knowledge of the constituents of the essential oil will

allow for a better and specially directed application. Among the aromatic plants

investigated as potential biological and pharmacological resources, there are:

Cedrelopsis grevei native to Madagascar is a small tree, known under various

common names such as Katafray, Matahora, Bemafaitra and particularly exploited

not only for its wood but for its medicinal properties as well. The essential oils

extracted from its bark and its leaves and commercially produced by traditional

distilleries in Madagascar, are in particular commonly used in folk medicine as

fortifying, tonic, relaxing and postnatal medication. The bark essential oil is also

used to cure rheumatism and muscular pains and is known to exert antifungal and

antibiotic activities. The essential oils from the bark and leaves commercially

available have been examined separately [41]. A total of 55 compounds have

been identified constituting around 77 % and 92 % of the volatile compounds for

respectively bark and leaf essential oils. Both oils were found to have a similar

composition rich in terpenes. However the relative percentages of some compounds

notably differed. The bark essential oil contained β-pinene, cis-sesquisabinene
hydrate and caryophyllene oxide as the main components whereas the leaf essential

oil was largely dominated by trans-β-farnesene, β-pinene, cis-sesquisabinene
hydrate and ar-curcumene.

Ayapana triplinervis commonly known as Ayapana in Hindi, is native to South

America and can be found in the Amazon region of Brazil, Ecuador, Peru, the three

Guianas, Puerto Rico, Hawaii but is also well represented in other countries such as

India, Vietnam and the Mascarene Islands (Reunion, Mauritius, Rodrigues). Since

it is widely used in folk medicine, the plant has been extensively investigated for its

biological and pharmacological properties. However, till now the information about

its chemical composition has remained poor. Concerning more specifically volatile

compounds from A. triplinervis, few investigations exclusively devoted to essential

oil samples of Brazilian, Indian and Vietnamese origins have been carried out.

Thus, we decided to investigate the chemical composition of the volatile oil of

A. triplinervis from Reunion Island, where this plant is locally really appreciated for

its healing virtues in particular its digestive properties. Our study [42] includes the

analysis of the leaf essential oil of three specimens of A. triplinervis collected at two
distant locations (North of the island for samples 1 and 2, South of the island for

sample 3), in different growth phases (flowering for samples 1 and 3, vegetative for

sample 2) in order to elucidate the chemical character of this species on the island

and to investigate the relationship between essential oil composition, developmen-

tal stage and geographic locations. Analysis by GC-FID and GC-MS enabled us to

identify and quantify a total of 39 constituents accounting for 97.1–98.0 % of the

oils. The three essential oil samples, all obtained by hydrodistillation, showed a

high percentage of the aromatic compound thymohydroquinone dimethyl ether

(89.9–92.8 %). All other minor components remained more or less unchanged

both qualitatively and quantitatively with respect to the stage of growth. On the

contrary, variations were observed with geographic distribution on the island.
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The composition of the oils isolated from the three A. triplinervis specimens

investigated here by us was then compared to those obtained from the same species

collected in different geographical sites in the world (Brazil and India). For

comparison purposes, only the main components were considered. It appears then

a clear geographical diversity in A. triplinervis with respect to the chemical

composition and the main components of the essential oils. Two chemotaxonomic

groups may be established:

Group 1: Species that mainly synthesize the aromatic ether thymohydroquinone

dimethyl ether. This was described for species from Brazil and India (Saugar).

Group 2: Species producing principally the oxygenated sesquiterpene selina-4

(15),7(11)-dien-8-one. This is the case of A. triplinervis from India (Lucknow).

On this basis, our A. triplinervis samples from Reunion Island considerably

dominated by thymohydroquinone dimethyl ether (average: 91.2 %) may be included

in the group 1. However, in this group, by looking at the other main components, three

chemotypes may tentatively be considered: chemotype thymohydroquinone dimethyl

ether/α-phellandrene/borneol (India/Saugar); chemotype thymohydroquinone dimethyl

ether/β-caryophyllene (Brazil); chemotype thymohydroquinone dimethyl ether

(Reunion Island).

Toddalia asiatica (Rutaceae) is an evergreen woody liana native of tropical Asia
from India and Sri Lanka to Malaysia; it is also found in temperate Asia, tropical

Africa, Madagascar and Mascarene Islands. This species is widely used in folk

medicine as remedies for a human variety of ailments such as malaria, stomach

complaints and coughs. As a consequence of the ethnobotanical uses, this species

has been investigated chemically. So far, alkaloids, coumarins, benzopyranones,

terpenoids and cyclohexylamides are the most characteristic compounds. Most of

them as well as crude extracts and essential oils of the plant were studied for their

pharmacological activities revealing important biological properties: anti-HIV,

antimalarial, antiplatelet aggregation, antipyretic, anti-inflammatory, analgesic,

antiviral, antimicrobial, spasmolytic, antifeedant, anticancer and skin whitening.

Despite this extensive investigation little is known about its essential oil composi-

tion. The objective of our study was then to characterize Toddalia asiatica, growing
wild in Reunion Island, through the composition of its essential oil in order to

observe the homogeneity of the composition or, conversely, to evidence a chemical

variability among specimens from different geographical regions of the world [43].

Thus, comparing the results obtained for our plant material with those reported for

the same species from India, profound differences were revealed in the composition of

essential oils: monoterpenes such as linalool (12.4 %), α-borneol (9.4 %), p-cymene

(8.8 %), α-terpineol (8.6 %) were reported as the characteristic components of Indian

specimen, while the two aldehydes, prenal (24.6 %) and 2-hydroxy-3-methyl-but-2-

enal (22.8 %) were the most important volatiles of Reunion Island specimen. More-

over, it is well known that aldehydes usually play a significant role in odor composi-

tion. So, these two major constituents could be putatively considered as key odorants

of Toddalia asiatica essential oil principally characterized by choking, pungent,

powerful, aldehydic and fruity notes.
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Headspace

Floral perfumes continue to inspire perfumers and the headspace technology offers

perfumers the option to clone the essence of flowers from which no oils can be

extracted such as orchids and has led to a surge of new scents. So, in order to

discover new fragrances, which may become a source of inspiration for a new

generation of perfumes or home fragrances, we decided to investigate by micro-

extraction on solid phase, the headspace of around 100 flowers in vivo, from wild or

ornamental, endemic or indigenous plants of La Réunion. The results of 60 flowers

were selected and given in a book for perfumers (Book ongoing).

2.7 Conclusions

Several practical approaches to plant volatiles analysis are described (isolation

techniques, separation and detection techniques, compound identification proce-

dure). More precisely, a selection of sampling methods for volatile compounds that

range from conventional, inexpensive, solvent-free, quick sampling methods to

innovative methods, as well as an overview of detection and identification methods

of volatiles including GC-FID and GC-MS are presented.

Some examples of research projects conducted in LCSNSA are highlighted. In

particular, research of bioactive molecules and chemotaxonomic studies

concerning volatile compounds generated by essential oils extracted from endemic

or indigenous plants of Reunion, Mauritius and Madagascar islands are developed

as well as applications in perfume industry and plant-insect interactions dedicated

to volatiles found in the airspace (headspace) surrounding flowers.

Such research topics underline the engagement of the LCSNSA to enhance

volatile compounds (essential oils and headspace) and to fulfil environment protec-

tion and biodiversity conservation.

Acknowledgements This work was supported by the Regional Council of La Réunion. The
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island: a good natural source of thymohydroquinone dimethyl ether. Biochem Syst Ecol

36:853–856
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Chapter 3

An Investigation into the Use of Concept

Cartoons in the Teaching of “Metals and the

Reactivity Series” at the Secondary Level

Hiteyeshi Lallbeeharry and Fawzia B. Narod

Abstract The present study was designed in an attempt to promote argumentation,

and to enhance students’ engagement and understanding during the teaching of

“Metals and the Reactivity Series” by making use of concept cartoons. The research

was carried out in a Girls’ State Secondary School situated in the North of Mauritius.

The sample comprised 35 Form III students (age 13–14 years), who were in the third

year of secondary schooling. The study was based on an action research, during

which concept cartoons were used in the teaching of “Metals and the Reactivity

Series”. Four different data-collection tools were used during the study, namely,

observation checklists, students’ achievement tests, students’ questionnaire, and a

semi-structured interview. Our findings have revealed that the use of concept

cartoons in the teaching of “Metals and the Reactivity Series” has promoted both

teacher-student and student-student interactions. Moreover, concept cartoons have

proved to be very effective in eliciting students’ interest, and in motivating them to

participate during the lessons through discussions and argumentations. Most impor-

tantly, our findings have clearly indicated that concept cartoons can serve as stepping

stones to improve students’ understanding and performance by helping teachers to

identify their problems and misconceptions. It has also been found that concept

cartoons depicting different viewpoints, or those including both correct and incorrect

statements, have not only helped in engaging learners in argumentation, but have also

promoted thinking. The study has also brought to light that it is important for teachers

to include a gamut of statements, ranging from simple to more challenging ones,

while designing concept cartoons in order to cater for students of different abilities.

We also report here that concept cartoons can be used as teaching tools in conjunction

with various strategies, like hands-on practical, demonstration, video-viewing and

group work.
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3.1 Introduction

Science (including Chemistry as a branch of Science) is defined as knowledge

based on observed facts and tested truths arranged in an orderly system [1]. It has

also been defined as “a careful, disciplined, logical search for knowledge about any
and all aspects of the universe, obtained by examination of the best available
evidence and always subject to correction and improvement upon discovery of
better evidence” [2]. Not surprisingly, throughout history, scientists have worked

by reviewing theories, models and explanations based on new evidence by using the

scientific method [3]. In the scientific method, the validity of scientific claims is

settled by referring to observations of phenomena (data). These data are obtained by

observations and measurements taken in situations that range from natural settings

to completely contrived ones, such as the laboratory [4]. Thus, it has been rightly

advocated by Driver et al. [5] that learning Science should not be viewed only as the

acquisition of facts, but should also initiate learners into the scientific ways of

thinking and making sense of the practices of the scientific community. Further,

Wellington and Osborne [6] pointed out that learning to reason in Science involves

learning how to construct arguments, which link evidence with ideas and theories,

while La Velle and Erduran [7] claimed that argumentation can help Science

students to clarify their ideas. The role of argumentation in Science Education

has also been emphasized by Newton et al. [8] who claimed that “pedagogies which
foster argument lie at the heart of an effective education in science”. This close
relationship between argumentation and Science Education posits that argumenta-

tion should be an important part of Science Education, as supported by rising

evidence that argumentation is a powerful strategy for teaching and learning in

Science [9]. Moreover, Erduran [10] also argued that chemical education theory

and practice would benefit from argumentation.

On the other hand, according to the constructivist model of learning [11],

teachers need to recognize that learners have some prior conceptions or knowledge,

and that they can only make sense of new situations in terms of their existing

understanding. The constructivist approach thus requires teachers to find out

students’ current level of understanding or prior knowledge [11], and to confront

them with situations and problems, which are slightly beyond this level of under-

standing. This would lead to two important features of the constructivist classroom

situation, namely, negotiation and interaction [12]. Gray [12] also emphasised that

genuine student-student and student-teacher dialogue are very important in a

constructivist classroom; the author also claimed that purposeful talk by students

would lead to meaningful discussion and to the emergence of meanings. In light of

these deliberations, it is clear that constructivists also support that argumentation

and dialogue are indispensable in Science classrooms.

Nonetheless, it is paradoxical that debate, discussion and argumentation are not

common features in Science classrooms [13]; the teaching of Science (including

Chemistry) is generally done through the didactic approach [14] which is passive,

and does not promote scientific discourse and argumentation in classroom situation.
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The latter report [14] also points out that Science teaching in schools is uninteresting

and unexciting, and recommends that more child-centred active learning approaches

to Science teaching be employed to develop inquisitiveness, reasoning and problem-

solving skills amongst learners. In light of the above discussions, the present study

has been specifically designed to use concept cartoons to teach “Metals and the

Reactivity Series” at the Secondary Level, in an attempt to create an active class-

room learning situation and to encourage argumentation and students’ engagement

during the lessons.

The topic “Metals and the Reactivity Series” has been selected, as many of

the concepts involved figure out as pre-requisites for learning the “Periodic Table”

in the Cambridge International Examinations (CIE) ‘O’- Level syllabus. It has

indeed been highlighted in recent CIE ‘O’ level Examiners’ reports that many

students failed to realize some prior concepts of the “Periodic Table” leading to

misconceptions about the topic. Further, the examiners also reported that many

students gave general answers in the examinations, showing that they have learnt by

rote [15]. According to Chuckowree [16] and Sobron [17], one of the possible

factors responsible for the misconceptions and problems encountered by students

might be attributed to the way Chemistry is taught; most teachers use the traditional

chalk and board method (the expository method). Indeed, as mentioned above,

based on a survey carried out [14], it has been recommended that active learner-

centred approaches be used in the teaching and learning of Science in Mauritius.

Thus, this paper is based on an investigation on the use of concept cartoons in the

teaching of “Metals and the Reactivity Series” in an attempt to promote argumen-

tation and to shift to an active learner-centred classroom situation.

3.2 Theoretical Framework: Concept Cartoons

Concepts are reported to be “the basic parts of knowledge, and they help human
beings to organize and categorize the learning outcomes” [18]. According to the

constructivist theory of learning, in order to learn a new concept, students should

adapt their prior knowledge with the new learning through interactions with their

peers and teacher. Thus, learning is considered to be an active process which allows

students to construct meaning and to interpret situations based on their previous

knowledge and experiences [19]. In other words, students should be allowed to talk,

debate, and investigate their own ideas to be able to learn new concepts [20]. This

posed two main problems for teachers, firstly classroom management problems

[20], and secondly, research has shown that though teachers were able to tap on

students’ prior ideas, it was a challenge for them to restructure these ideas [21]. In

view of these problems, the first concept cartoons were created by Keogh and

Naylor in 1991 [22, 23] while they were helping primary teachers to develop

knowledge and understanding of Science. These concept cartoons were created in

an attempt to bring out and challenge students’ prior ideas and to allow them to

develop the correct scientific ideas; Keogh and Naylor were indeed trying to look

for alternative approaches to engage students in thinking about science concepts.
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Concept cartoons are cartoon-style drawings featuring different cartoon characters

putting forward a range of viewpoints about the science involved in everyday life

situations [22]. Since they offer different ways of looking at a situation, concept

cartoons provide a stimulus for probing and developing ideas. The typical features of

concept cartoons include: application of scientific ideas in everyday situations (rather

than purely theoretical), visual representation, minimal text and alternative view-

points of the scientific ideas (all given equal status); they are not necessarily designed

to give only one single correct answer. One of the most important aspects of a concept

cartoon is that by presenting diverse perspectives around a scientific idea, it not only

motivates learners to voice out their ideas, but also allows them to encounter

uncertainty and cognitive conflict which underpin the constructivist learning theory.

Further, several features of concept cartoons have been identified which make them

potentially relevant to promoting argumentation and interaction in science class-

rooms [13, 23]. The authors [13, 23] claim that the conversation between the cartoon

characters invite learners into the debate, while the visual stimulus and everyday

situation engage learners in non-threatening discussions with peers and teacher to

clarify or justify ideas.

Taking into consideration the importance of argumentation in Science educa-

tion, and the claims that concept cartoons [22] not only provide a focus and a

context, but also a purpose for discussions and debate in classroom situation, the

present study has been undertaken to use concept cartoons in the teaching of

“Metals and the Reactivity Series” at the Form III Level (students of age 13–14

years). To our knowledge, no research has been carried out in the local context on

the use of concept cartoons in the teaching of “Metals and the Reactivity Series” at

the Form III Level.

3.3 Methodology

3.3.1 Sample Description

The study was conducted in a Girls’ State Secondary School situated in the northern

zone of Mauritius, during the second term of 2010, in the months of June and July.

The sample consisted of 35 students (age 13–14 years) of Form III, the third year of

secondary schooling in Mauritius. Upon successful completion of Form III, the

students will be eligible for the 2-year preparatory classes to sit for the CIE

‘O’-Level Examinations in October/November 2012.

3.3.2 Research Design

The study was carried out through an action research consisting of 3 cycles, each

cycle including 3 lessons of 40 min each. All the lessons were planned and

implemented, by making use of concept cartoons in the teaching of “Metals and
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the Reactivity Series” in line with the curriculum requirements. Table 3.1 gives

details about the concepts addressed in each lesson, and the use of concept cartoons.

As given in Table 3.1, a total of 25 concept cartoons were used during the study.

3.3.3 Use of Concept Cartoons in the Present Study

How Were Concept Cartoons Used During the Lessons?

As depicted in Table 3.1, concept cartoons have been used in the teaching of

different concepts pertaining to the topic “Metals and the Reactivity Series”.

Concept cartoons were prepared and used in various ways during the lessons in

Table 3.1 An overview of the three cycles of the action research and the use of concept cartoons

Lesson Aims Use of concept cartoons

Cycle 1

1 To introduce students to “ores”
as sources of metals

Use of four concept cartoons (CC 1–4)

To consolidate on the properties

of metals

To relate the uses of metals to their

properties

2 To explain about alloys and their uses Use of two concept cartoons (CC 5 and 6)

3 To develop understanding of: Use of three concept cartoons (CC 7–9)

• The uses of iron in everyday life

• The process of rusting

Cycle 2

4 To develop understanding of the

reactivity of some metals with water

Use of three concept cartoons (CC 10–12)

5 To discuss about the reactions of some

metals with acids

Use of four concept cartoons (CC 13–16)

6 To introduce students to the reactivity

series, and to the reactions of metals

with oxygen

Use of three concept cartoons (CC 17–19)

Cycle 3

7 To consolidate about the reactivity

series and its importance

Use of two concept cartoons (CC 20 and 21).

Students were also required to draw/pre-

pare concept cartoons to explain their

reasoning following a minds-on activity
To develop understanding of “displace-

ment” reactions

8 To consolidate about displacement

reactions

Use of two concept cartoons (CC 22 and 23).

Students were also required to draw/pre-

pare concept cartoons following a practi-

cal activity

9 To introduce students to the action

of heat on metal carbonates

Use of two concept cartoons (CC 24 and 25).

Students were also required to draw con-

cept cartoons based on a practical activity
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the present action research. A total of 25 concept cartoons were used during

the study; all the concept cartoons have been prepared by the teacher-researcher.

The cartoon characters were either hand-drawn or prepared by making use of Paint.

The concept cartoons included from 3 to 6 cartoon characters, discussing about

concepts pertaining to “Metals and the Reactivity Series” (Table 3.1). They

included speech bubbles with statements representing different viewpoints about
the concepts. In some cases, the statements were complete and students were

required to analyse and discuss about them. In other cases, the statements were

incomplete and students were required to complete them by identifying the missing

words.

Further in Cycle 2 of the action research, the concept cartoons included both
correct and incorrect statements in the speech bubbles; students were required to

study the statements, identify the incorrect ones and explain their reasoning. In

some lessons of Cycle 2, the concept cartoons were used in conjunction with other

strategies, like teacher demonstration, practical activity or video viewing. Students

were required to use information gathered through these strategies to identify and

rectify incorrect statements in the concept cartoons.

In Cycle 3 of the action research, some concept cartoons presented included

empty speech bubbles, which students had to complete during the lessons. Most

importantly, in this last cycle, students were also required to draw and prepare
their own concept cartoons, following minds-on and practical activities during the

lessons.

During the lessons, the concept cartoons were presented to students, who were

required to analyse and/or complete the concept cartoons, individually, in pairs, or

in groups. This was usually followed by teacher-questioning and whole-class

discussions.

Some concept cartoons prepared and used during the present study are given in

Figs. 3.1, 3.2, 3.3, 3.4, 3.5 and 3.6.

When Were Concept Cartoons Used During the Lessons?

Concept cartoons were used at different stages during the lessons in the present

study. Concept cartoons were used in some cases:

• At the start of the lessons, during the introduction to arouse students’ interest

and/or to help them recall their prior knowledge.

• During the teaching activities, to help students develop understanding of the

concepts to be learnt and to attain the lesson objectives.

• As formative assessment tools to assess students’ understanding of the concepts

being addressed.

• At the end of the lessons, to summarise the lessons by engaging the students in

analysing and/or completing concept cartoons.
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Data Collection Tools

Both qualitative and quantitative approaches have been used during the present

study. The following data-collection tools were used during the study to allow for

triangulation:

(a) Observation Checklists

Throughout the action research, students were observed during all the lessons;

observational data were recorded by making use of carefully designed observa-

tion checklists in line with the aims and objectives of the research. The

checklists were filled during the implementation of the lessons using concept

cartoons. The observation checklists were based on the following criteria:

• Students’ participation, motivation and interest;

• Students’ talk and argumentation;

• Classroom interactions (teacher-students and students-students);

• Students’ understanding of the concepts; and

• Students’ responses to the use of concept cartoons and the various ways of

using them during the lessons.

John

Oh Harry! There is 
something that 
mother uses in the 
kitchen very often.  
It is made of alumin-
ium itself.  Can you 
please remind me 
what it is?

Alice

Yes, Mary. 
Me, I know 
that iron is 
used to make 
gates

Do you think met-
als are important? 
I have noticed that 
iron metal has 
many uses.

Harry

Hey John, I like 
airplanes.  I know 
that they are made 
of metals.  Can 
you tell me which 
metal?

Mary

Fig. 3.1 Concept cartoon based on the uses of aluminium and iron (CC 1 used in Lesson 1 of

Cycle 1)
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(b) Students’ Achievement Tests

After each cycle of the action research, a Students’ Achievement Test was

administered in order to gather information about students’ understanding of

the concepts being taught through use of concept cartoons. The Tests were

designed, taking into consideration the learning outcomes of the lessons. Thus,

3 Tests were prepared, namely Tests 1, 2, and 3, and were administered after

completing Cycles 1, 2 and 3 respectively. All three Tests carried 25 marks

each, and students were allocated 30 min to complete each one.

(c) Students’ Questionnaire

After completing the three cycles of the action research, a questionnaire was

prepared and administered to the students in view of gathering information

about their attitudes and opinions regarding use of concept cartoons during the

teaching of “Metals and the Reactivity Series”. The questionnaire included both

close-ended and open-ended questions; the open-ended questions ensured qual-

itative dimensions to the students’ views and opinions, while the close-ended

ones helped to achieve objectivity. Before administering the questionnaire to

the students, consent was gained from the participants who were assured

confidentiality and anonymity.

Milly

Copper metals can 
exist as rods and 
wires, hence they are 
…….... and ... ………

Metals like iron 
are very ……. .…….
and …..........

Jessie

Jane

Metals can be recognized
by their ………………., 
…………… power and
the …………..  they pro-
duce.  

Some examples of metallic
objects are: gates, airplanes,
hoe, jewels…   

John

Fig. 3.2 Concept cartoon based on the properties of metals (CC 4 used to summarize Lesson 1 of

Cycle 1). Students were required to complete the statements by making use of learning cards
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(d) Interview

A semi–structured interview was conducted with a group of 5 students, after

completing all the three cycles, in order to allow students to express their

thoughts freely [24] about the use of concept cartoons during the lessons.

A list of 11 questions focusing on students’ opinions about the use of concept

cartoons in classroom teaching was drawn to help them voice out their views

and attitudes. The interview also helped the researchers to find out information,

which could not be observed and/or obtained from the questionnaire, and also

to triangulate the data collected through the other tools.

3.4 Results and Discussion

Both qualitative and quantitative approaches have been used in the present study by

making use of observation checklists, students’ achievement tests, students’ ques-

tionnaire and interview. The data gathered from the different tools are presented

and discussed in this section.

3.4.1 Data Gathered from Observation Checklists

In Cycle 1 of the action research, concept cartoons prepared by the teacher-

researcher were used during the lessons to allow participants to discuss about the

Nina

Mina
Simi

Iron metal reacts to
form rust.  Iron is
unreac�ve.  

Iron is the most
reac�ve metal
among all metals.  

Jenny

Hey Simi, long �me
back I had bought a
bracelet made of 
copper.  But now, it
has changed colour.   

Can you tell me
which metal should
I use to make my
jewels? Why?   

Fig. 3.3 Concept cartoon based on the reactivity of different metals, including incorrect

statements which students were required to identify (CC 10 used in Lesson 4, Cycle 2)
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concepts under study; concept cartoons were also used as tools for assessment and

lesson summary. In Lesson 1, when students were first exposed to concept cartoons,

it was observed that most of them displayed amazement and surprise. It was also

noted that though a few students were participating during the discussions, some

I can test the gas by 
applying a glowing 
splinter.

Look, I can write the 
chemical equa�on:  
Ca +  H2O →  Ca + H2

John

Jim

Esha

Calcium does not react 
with cold water.

I think this reac�on will 
give a salt, water and 
oxygen.

Mary

Sodium pellets in oil

I think sodium metal 
is unreac�ve.

Look at this picture! 
What can you say 
about the metal?

Alice

Harry

Fig. 3.4 Concept cartoon based on reactions of metals with water. Students were required to analyse

the concept cartoon and to identify the incorrect statements (CC 11 used in Lesson 4, Cycle 2)
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were initially shy to share their opinions. Students were also found to be enjoying

the lessons when concept cartoons were used; for instance, they were heard sharing

their ideas regarding jewellery, gold, silver and alloys in Lesson 2. As the action

research moved to Lesson 3 of Cycle 1, it was found that students’ participation

increased both in discussions, and in answering teacher’s questions. Surprisingly,

the timid students were also found to be participating during the discussions, and

were even sharing their opinions. An unexpected observation during Cycle 1 was

that some students were found to get bored when statements presented in the

concept cartoons were straightforward and low order.

Following reflection after Cycle 1, it was decided to make use of concept cartoons

in a more challenging manner in the following cycle. Thus, the concept cartoons

prepared and used during Cycle 2 included both correct and incorrect statements;

Pieter

Rohit

1st 2nd 3rd 4th

Sodium    ---------- ---------- ------

Mohit

Rohan

Monka

Magnesium + Water (hot)
     →      --------- + ---------

--------- gas is evolved during the
reaction because it gives a-------
--with a lightedsplinter.   

Sodium is very --------; it is 
stored under paraffin oil.  

-------- occurs when calcium
reacts with cold water. 

Fig. 3.5 Concept cartoon (CC 12) used to summarize Lesson 4, Cycle 2. Students were required

to complete the statements
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students were required to analyse the concept cartoons, and identify the incorrect

statements following demonstrations, practical activities or video viewing. They were

also required to justify their answers. It was observed that this change has helped to

enhance students’ attention and to further encourage thinking. All students were

found to be participating during the class discussions; even the shy ones were

comfortable to share their views with peers and the teacher. The concept cartoons

succeeded in arousing interest of all students; they were fully engaged in sharing their

own experiences about the concepts with peers and the teacher. An important

observation made during the lessons of Cycle 2 was the increased interactions, both

students-students and students-teacher as compared to the lessons of Cycle 1. It was

also noted that students’ engagement and involvement increased when dealing with

real-life situations. Moreover, our observations have also revealed that use of concept

cartoons has allowed teacher to access students’ ideas, prior knowledge and also

misconceptions about certain concepts.

In Cycle 3, it was decided to use concept cartoons in an attempt to further

enhance students’ thinking skills, and to improve their writing skills during the

Kevin

Alice

Iron reacted more
rapidly than calcium  

Dilute hydrochloric acid

Metal+ acid → metal oxide + 
oxygen
Example
Mg + HCl   → MgO + O2

Neha

Calcium, magnesium, iron

Oxygen gas is released
when metals react with
acids.  

Ashvin

No reaction was ob-
served when magne-
sium ribbon reacted
with hydrochloric
acid.  

Fig. 3.6 Concept cartoon based on the reaction of metals with acids including incorrect

statements. Students were required to identify the incorrect statement(s) after carrying out a

practical on the reaction of magnesium, zinc, copper and iron with dilute hydrochloric acid

(CC 14 used in Lesson 5, Cycle 2)
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lessons. Thus, students were exposed to concept cartoons with empty speech

bubbles, which they had to complete during the lessons. In some cases, students

were also required to draw and prepare their own concept cartoons in groups based

on practical activities or minds-on tasks. Like in Cycles 1 and 2, it was again

observed that students were actively participating during classroom discussions;

there were both students-students and teacher-students interactions. On the other

hand, some students found it challenging to identify and write appropriate

statements in the speech bubbles; however, it was interesting to observe that they

interacted and discussed with teacher while trying to write statements to fill the

speech bubbles. Thus, this further provided opportunities for teacher-students’

interactions. Other important observations during Cycle 3 were that using demon-

strations and hands-on activities together with concept cartoons further enhanced

students’ involvement and engagement. Students were fully engaged in observing

the changes occurring (for example the displacement reactions between magnesium

& copper(II) sulfate, between zinc & lead(II) nitrate and finally between copper &

silver nitrate), following which they were reflecting and discussing about these

changes in an attempt to complete the concept cartoons by writing the observations,

chemical equations of the displacement reactions as well as justification based on

the reactivity series. Some students even asked the teacher if they could include

illustrations of the experiments while constructing the concept cartoons. They were

also arguing and discussing among themselves in groups while trying to fill in

empty speech bubbles and/or to prepare their own concept cartoons. After preparing

the concept cartoons, each group had to present them to their peers, further

encouraging them to think critically and to share their ideas.

3.4.2 Concept Cartoons Prepared by Students

This section discusses the findings gathered from some concept cartoons prepared

by participant students during the study. It was noted that when asked to prepare

concept cartoons about specific displacement reactions, some students preferred to

write the chemical equation of the displacement reaction to be considered at the

centre of the concept cartoon and presented different statements in the speech

bubbles. On the other hand, some students have used drawings at the centre of

the concept cartoons to depict their ideas about the displacement reaction between

magnesium and zinc oxide. Analysis of students-prepared concept cartoons has

revealed that the participants were able to use their knowledge of reactivity series

appropriately to prepare the concept cartoons. They were able to observe reactions

carried out through practical work, and to write statements in the speech bubbles of

the concept cartoons. Hence, constructing concept cartoons in conjunction with

hands-on experiments allowed students to enhance their conceptual understanding

of the reactivity series and displacement reactions. Students’ creativity was also

encouraged while drawing the cartoon characters during the preparation of the

concept cartoons.
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Furthermore, preparation of concept cartoons by students allowed the teacher to

identify their difficulties, for example, it was noted that some students failed to balance

the chemical equations in the concept cartoons. Our findings thus support those of

Dabell [25] who earlier reported that use of concept cartoons in the classroom can

reveal misconceptions and uncertainties. Indeed, during the present study it has been

found that a few students encountered difficulties in writing the formulae of

compounds and balancing chemical equations while preparing their concept cartoons.

Thus said, our observations have clearly revealed that concept cartoons were able

to create a classroom atmosphere which was friendly and enjoyable, and where

students felt comfortable to share their prior experiences, voice out their opinions,

discuss with peers and teacher, and also ask questions to teacher. These observations

concur well with findings from Kabapinar [26] who stated that concept cartoons

provide a non-threatening atmosphere which makes students more confident to share

their views. Students were not only found to be enjoying the lessons, but they were

also more cognitively involved and engaged during the lessons using concept

cartoons as earlier pointed out by Keogh and Naylor [21].

3.4.3 Data Gathered from Students’ Achievement Tests

Three students’ achievement tests, namely, Tests 1, 2 and 3 were administered at the

end of Cycles 1, 2 and 3 respectively to gather information about students’ under-

standing of concepts taught during each cycle. The percentage scores obtained by

each student in the 3 achievement tests are given in Table 3.2, while Table 3.3 gives a

comparison of the minimum, maximum and average percentage scores in the three

tests (Students have been assigned code numbers X1 to X35 for ethical reasons).

Data gathered from the students’ achievement tests clearly indicate that students

performed quite well or very well in all three tests; no student failed in any of the

tests. Out of the three tests, the maximum score was 96 %, while the minimum score

was 46 %. It needs to be highlighted that in all the three tests, the maximum score was

above 80 %. Nevertheless, it is also clearly evident from Table 3.2 that the perfor-

mance of most students was better in Test 1 as compared to Tests 2 and 3. This could

be attributed to the fact that concepts addressed in Cycle 1 were simpler and easier,

and related to the properties and uses of metals as well as rusting which students

have learnt in lower classes. However, the lessons in Cycles 2 and 3 dealt with the

reactivity series, reactions of metals with water, acids and oxygen, as well as dis-

placement reactions and decomposition of metal carbonates; these concepts not only

involved description of the reactions occurring but also involved writing of formulae,

and writing and balancing of chemical equations. Indeed, during Cycles 2 and

3, observational data have revealed that some students encountered difficulties in

writing formulae and balancing chemical equations. Thus, in Cycles 2 and 3, the

concepts addressed were more challenging than in Cycle 1; this might explain the

slight decrease in students’ performance in Tests 2 and 3 as compared to Test 1. Yet,

it needs to be acknowledged that most students were able to score well in Tests 2 and

3, even though they were exposed to more difficult concepts.
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Table 3.2 Students’

percentage scores obtained

in Tests 1, 2 and 3 Students’ code

Percentage scores (%)

Test 1 Test 2 Test 3

X1 76 66 86

X2 92 68 94

X3 92 66 82

X4 92 66 90

X5 76 66 74

X6 70 64 90

X7 76 66 86

X8 80 66 86

X9 88 74 70

X10 90 80 70

X11 84 82 74

X12 66 76 70

X13 80 72 70

X14 76 76 70

X15 72 72 60

X16 86 66 60

X17 92 56 70

X18 72 56 52

X19 88 74 66

X20 96 64 80

X21 88 56 80

X22 76 56 84

X23 84 60 66

X24 90 72 84

X25 92 84 80

X26 82 80 76

X27 82 74 76

X28 88 76 80

X29 92 68 72

X30 84 76 46

X31 88 72 54

X32 92 64 52

X33 84 64 56

X34 90 56 66

X35 80 64 66

Table 3.3 Minimum,

maximum and average

percentage scores of students

in Tests 1, 2 and 3

Test 1 Test 2 Test 3

Minimum percentage score (%) 66 56 46

Maximum percentage score (%) 96 84 94

Average percentage score (%) 84 69 72
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In order to have a more detailed view about students’ performance in the three

tests, it was decided to evaluate marks scored by the students in specific percentage

ranges over the three tests. Figure 3.7 shows the variation in the number of students

scoring marks in specific percentage ranges over the three tests. It is interesting to

note from Fig. 3.7, that whatever the test, the majority of the students had a

percentage mark superior to 49 %. Only 1 student scored less than 50 % in Test 3.

In Test 1, all students scored marks above 60 %, with 23 % of students scoring in

the range 70–79 %, 43 % students scoring in the range 80–89 % and 31 % students

scoring in the range 90–100 % (Fig. 3.7). In Test 2, most students scored in the range

60–69 % (43 % of students) and the range 70–79 % (31 % of students). In Test 3, the

majority of the students are represented in the range 70–79 % (31 % of students) and

80–89 % (29 % of students). As aforementioned, going from Test 1 to Tests 2 and

3, there has been a slight decline in the students’ performances due to the increasingly

difficult concepts addressed. In spite of this, it is clear fromFig. 3.7 that themajority of

students have scored in the range of 60–100 in the three tests, and that no student failed

in any of the tests, showing that they have developed proper understanding of the

concepts learnt in the topic “Metals and the Reactivity Series” through use of concept

cartoons. Thus, findings from the students’ achievement tests clearly point out to the

fact that use of concept cartoons has contributed positively to students’ conceptual

understanding of the topic “Metals and the Reactivity Series”.

3.4.4 Findings from Students’ Questionnaire

As mentioned in section “Data Collection Tools”, a questionnaire was administered

to all participating students after completing the action research to gather
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Fig. 3.7 Comparison of percentage marks obtained by students in Tests 1, 2 and 3

56 H. Lallbeeharry and F.B. Narod



information about their attitudes and opinions regarding use of concept cartoons in

the teaching and learning of “Metals and the Reactivity Series”. The major findings

gathered through the students’ questionnaire are presented and discussed in this

section.

It was deemed necessary to find out about students’ perceptions of the topic

“Metals and Non-Metals” learnt in Form II (second year of secondary schooling in

Mauritius), as many of the concepts learnt are prerequisites for the topic “Metals

and the Reactivity Series” in Form III. As illustrated in Fig. 3.8, it is obvious that

most students (95 %) found the topic “Metals and Non-Metals” at Form II level

difficult, while only a minority of 5 % found it easy. This finding is quite interesting

because though most participants claimed that the topic “Metals and Non-Metals”

in Form II was difficult, all of them performed well in Test 1 and scored above

60 %. Indeed, the lessons in Cycle 1 of the present study dealt a lot with

prerequisites acquired in “Metals and Non-Metals” by making use of concept

cartoons. Thus, it can be seen that use of the concept cartoons has greatly enhanced

understanding of these concepts resulting in a good performance in Test 1.

Findings from the questionnaire have revealed that out of 35 students, 34 (95 %)

liked the use of concept cartoons during the lessons (Fig. 3.9). Most of the students

stated that the lessons were more interesting and enjoyable; some mentioned that

the concept cartoons were very attractive and helped to reduce boredom during the

lessons. This finding is in line with those of Allibacus [27] who earlier reported that

Fig. 3.8 Students’ perceptions of the topic “Metals and Non-Metals” learnt in Form II (second

year of secondary schooling in Mauritius)

95%

5%Dislike

Like

Fig. 3.9 Students’

responses to whether they

liked the use of concept

cartoons in the teaching and

learning of the topic “Metals

and the Reactivity Series”
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use of concept cartoons rendered lessons more interesting and exciting. Some

students also stated that they were more motivated during the lessons including

use of concept cartoons, thereby confirming the motivating nature of concept

cartoons as earlier highlighted by researchers [20].

Students’ Responses to How Use of Concept Cartoons During the Lessons

Has Helped Them to Learn “Metals and the Reactivity Series”

In order to probe further about the effectiveness of concept cartoons in the teaching

and learning of the topic “Metals and the Reactivity Series”, students were asked six

questions (Table 3.4) related to the use of concept cartoons. Students were required

to answer by YES or NO and also to give reasons for their answer. The findings are

presented in Table 3.4.

From Table 3.4, it is found that all participating students unanimously agreed

that use of concept cartoons during the lessons has:

• Helped them to understand the concepts better and

• Enabled them to share ideas with their friends and teacher.

Further, it is also evident from Table 3.4 that the majority of students claimed

that use of concept cartoons has:

• Encouraged them to think more (97 %);

• Helped them to discuss and argue about the concepts (91 %);

• Helped them to participate more in the lessons by talking (89 %); and

• Motivated them to learn more about Chemistry (83 %).

Some students stated that they were happy to share their ideas with the teacher

and their friends, and that they had enough time to talk about any misconceptions

and doubts. Students claimed that sharing and discussing their opinions/ideas about

the concepts has helped to enhance their understanding of these concepts. Most

students stated that the colorful pictures in the concept cartoons were not only

interesting, but were also informative. This has helped to arouse their curiosity and

to increase their motivation. Some students also mentioned that concept cartoons

with correct and incorrect statements encouraged them to argue and discuss about

Table 3.4 Students’ responses to questions about the effectiveness of concept cartoons in helping

them to learn “Metals and the Reactivity Series”

Did the use of concept cartoons help you to:- YES NO

(i) Understand the concepts better? 35 (100 %) –

(ii) Encourage you to think? 34 (97 %) 1 (3 %)

(iii) Enable you to share your ideas with your friends and teacher? 35 (100 %) –

(iv) Discuss and argue about the concepts? 32 (91 %) 3 (9 %)

(v) Participate more in the lessons by talking? 31 (89 %) 4 (11 %)

(vi) Motivate you to learn more about chemistry? 29 (83 %) 6 (17 %)
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the concepts and have helped to clear their doubts and misconceptions. A few

students (3 representing 9 %) claimed that use of concept cartoons did not help them

to discuss and argue about the concepts, and stated that the statements in the

concept cartoons were not challenging enough.

Students’ Perceptions About the Different Ways in Which Concept

Cartoons Were Used During the Lessons

In order to gather students’ views regarding the various ways in which concept

cartoons were used during the research, they were asked to complete Table 3.5 by

ticking their choice in the appropriate column.

From Table 3.5, it is noted that most students found using concept cartoons

interesting (51 %) and easy (40 %) at the start of the lessons; though 9 % claimed it

to be difficult, no one found it boring. Further, all students agreed that use of

concept cartoons to encourage discussions was either easy (54 %) or interesting

(46 %); no one found it difficult or boring.

When asked about concept cartoons with correct and incorrect statements, 51 %

of the students found them interesting, 23 % found them easy, while the others

stated that they were boring (14 %) and difficult (12 %). Our findings also show that

regarding use of concept cartoons with partly-filled speech bubbles, the majority of

the students found them easy (40 %) and interesting (45 %), while one student (3 %)

stated that they were difficult and four students (12 %) stated that they were boring.

The same pattern is more or less observed for concept cartoons with empty speech

bubbles which students had to fill – the majority found them easy (31 %) or

interesting (46 %) while the remaining few claimed that they were difficult

(14 %) or boring (9 %). When asked about drawing their own concept cartoons, a

greater majority claimed that they found it difficult (34 %) or boring (31 %), while

fewer students found them easy (14 %) or interesting (20 %) as shown in Table 3.5.

Findings from Table 3.5 clearly point out to the fact that the students were more

in favour of using complete teacher-prepared concept cartoons as most of them

claimed that use of concept cartoons at the start of the lessons was easy and

Table 3.5 Students’ perceptions about the different ways in which concept cartoons were used

during the lessons

How did you find using concept cartoons in the

following ways? Difficult Easy Boring Interesting

At the start of the lesson 3 (9 %) 14 (40 %) – 18 (51 %)

To encourage discussions about the concepts – 19 (54 %) – 16 (46 %)

With correct/incorrect statements 4 (12 %) 8 (23 %) 5 (14 %) 18 (51 %)

With partly-filled speech bubbles 1 (3 %) 14 (40 %) 4 (12 %) 16 (45 %)

Drawing your own concept cartoons 12 (34 %) 5 (14 %) 11 (32 %) 7 (20 %)

With empty speech bubbles 5 (14 %) 11 (31 %) 3 (9 %) 16 (46 %)
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interesting. Indeed, at the start of the lessons fully prepared concept cartoons were

used with complete statements. However, when it comes to concept cartoons with

correct/incorrect statements, or with incomplete speech bubbles, or with empty

speech bubbles to be filled, our findings have clearly revealed that a few students

found them to be difficult. Students also claimed that using concept cartoons in

these latter ways requires more thinking from the part of the students and is more

challenging; it also demands proper and concise writing skills to communicate

ideas in one sentence in a speech bubble. Those students who found these concept

cartoons difficult and boring commented that they preferred to use them during

group activities rather than individually, as they feel more motivated and comfort-

able to discuss with peers in order to complete the statements or to fill empty speech

bubbles. Students who found use of concept cartoons with empty speech bubbles

easy and interesting stated that these concept cartoons encouraged them to think

and enhanced understanding of the concepts.

As evidenced from Fig. 3.10, out of the 35 participants only one (3 %) stated that

she encountered difficulties when concept cartoons were used, while the majority

(97 %) claimed that they did not encounter difficulties. This might be attributed to

the fact that concept cartoons use minimal texts, and are based on real life situations

which students are familiar with; this tends to increase students’ confidence

allowing them to participate more and to be mentally engaged in the lessons as

recently highlighted by Naylor and Keogh [22].

Students’ Responses to Whether Use of Concept

Cartoons is Time-Consuming

Most students (71 %) affirmed that use of concept cartoons is time-consuming

as portrayed in Fig. 3.11. This finding is in line with data gathered during

observations; additional time was needed to complete the lessons. This can be

explained by the fact that more time was needed to allow students to think, to

share their ideas, to interact with the teacher and also to put forward appropriate

arguments. This is in clear contrast with passive expository-type lessons where

students just listen to teacher without interactions and argumentations.

0% 50% 100%
Percentage of students

Yes

No

Fig. 3.10 Students’

responses to whether they

encountered difficulties

when concept cartoons

were used
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Students’ Views Regarding Advantages and Disadvantages

of Using Concept Cartoons During the Lessons

In the last part of the questionnaire, students were invited to give their views about

the advantages and disadvantages of using concept cartoons during the lessons.

Some of the advantages mentioned by students are that use of concept cartoons:

• Is enjoyable and interesting;

• Helps to understand and retain information;

• Allows more sharing of ideas/opinions during the lessons;

• Motivates them to participate in the lessons;

• Reduces boredom;

• Promotes discussions; and

• Encourages teacher-students and students-students interactions.

These statements concur well with observational data, and with findings from

previous questions of the questionnaire. Further, these findings are also compatible

with those from other researchers, who reported that concept cartoons promote

students’ understanding [28], make lessons enjoyable for students, and help them to

develop better understanding of concepts [29]. It has also been reported that use of

concept cartoons helps to generate motivation, engagement and participation,

leading to lively discussions and making the lessons more interactive [21, 22, 29].

According to some students, disadvantages of using concept cartoons are that, it

can be time-consuming, and can lead to much noise during class discussions. Both of

thesemight be attributed to increased class discussions and interactions.At this stage, it

needs to be highlighted that though use of concept cartoons is time-consuming, teachers

should decide when and how to use them during the lessons in view of enhancing

conceptual understanding, and of promoting argumentation. Nevertheless, for success-

ful use of concept cartoons in classroom, teachers must pay particular attention to time-

management, as well asmanaging the discussions and argumentation going on to avoid

noise problems. A few students also admitted that use of concept cartoons can be

boring if the statements given are too simple, straightforward and non-challenging.

3.4.5 Findings Obtained from Interview

After completing the three cycles of the action research, an interview was

conducted with a random group of five students, in view of triangulating the data

gathered through the other tools. All interviewed students stated that they found
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use of concept cartoons interesting, fun, user-friendly and enjoyable, thereby

confirming findings from observation checklists and questionnaire. They found

the concept cartoons interesting and attractive, and claimed that the classroom

environment was more enjoyable with use of concept cartoons. The students also

asserted that concept cartoons helped them to discuss freely and to share their ideas

about the concepts during the lessons. Two students even admitted that at first they

were feeling shy to talk to the teacher, and to share their ideas even with their

friends; they were not feeling at ease because they feared their answers would be

wrong. However, with use of concept cartoons during the lessons, they were able to

overcome their shyness and to talk to the teacher without fear. This fully

substantiates findings from earlier research, which claim that “not only concept
cartoons’ motivating nature but also non-threatening atmosphere make the strategy
effective particularly for students who require confidence in putting forward their
views in teaching context” [26]. The interviewed students also stated that use of

concept cartoons has helped them to understand concepts better, and in a more

meaningful way, as they were based on real life experiences and situations.

Furthermore, out of the five students, three pointed out that challenging statements

need to be employed in the concept cartoons in order to further foster thinking.

3.5 Conclusions

The present paper was based on an investigation into the use of concept cartoons in

the teaching of the topic “Metals and the Reactivity Series” at Form III level (third

year of secondary schooling in Mauritius) in response to the needs to shift from

teacher-centred classroom situation to learner-centred situation, and to promote

students’ argumentation and engagement. It is indeed widely felt that there is a

mismatch between the way Scientists work and the way Science is taught in actual

classroom situation, which is usually passive, and does not promote scientific

discourse amongst learners.

Our findings have clearly pointed out that all the students were actively engaged

in discussions both with their peers and with the teacher, when concept cartoons

were used, showing that concept cartoons promoted both student-student and

student-teacher interactions. The present study has also brought to light that using

concept cartoons with empty speech bubbles, which students need to complete, or

allowing students to prepare their own concept cartoons during the lessons also

contributed to enhanced interactions between students and teacher. It is also evident

from our findings that use of concept cartoons has created a conducive and

enjoyable classroom environment that was non-threatening so that all students

(even the shy or less confident ones) were able to share their ideas/opinions, clearly

supporting results from earlier research [26].

Results from the study have also revealed that use of concept cartoons during the

lessons has encouraged students to share their ideas about the concepts under study,

and most importantly to easily voice out their prior conceptions and experiences.
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This is an essential feature of the use of concept cartoons in relation to the

constructivist approach to teaching and learning, which is based on the premise

that learners can only construct new knowledge and make sense of new information

by making use of their prior knowledge and understanding. Accordingly, teachers

must take cognizance of learners’ prior knowledge during the teaching/learning

process. Concept cartoons can thus prove to be very useful in the constructivist

classroom, as they provide a context for learners to share their prior knowledge

about the concept(s) and for teachers to identify learners’ prior conceptions and use

these meaningfully during the lessons.

Further, our study has shown that use of concept cartoons had a positive impact

on students, not only in terms of enhanced motivation, participation and interest

during the lessons, but also on their conceptual understanding and performance. We

found that use of concept cartoons has helped the participants to develop proper

understanding of concepts involved in “Metals and the Reactivity Series” as

evidenced by their performances in the students’ achievement tests. Indeed, two

noteworthy aspects of concept cartoons in promoting conceptual understanding

include firstly, their ability to engage students in the teaching/learning process, and

secondly, they allow teachers to detect students’ misconceptions which can be

addressed during the lessons. We have indeed found that students were actively

engaged in the lessons when concept cartoons were used – they were engaged in

analysing or completing the statements, in filling empty speech bubbles or in

preparing their own concept cartoons. It is indeed reported in literature that

learners’ engagement during lessons contributes to learning and development

[30]. Our findings also corroborate with those of other authors, who earlier pointed

out the effectiveness of concept cartoons in allowing teachers to identify and

address students’ misconceptions thereby promoting conceptual change [25, 26].

Based on the present action research, we would like to emphasize that concept

cartoons have been successfully used in the teaching and learning of concepts

involved in “Metals and the Reactivity Series”, and thus confirm the practicability

of using concept cartoons in classroom teaching. We would also like to report here

three key aspects of the use of concept cartoons in classroom teaching. Firstly, we

have clearly shown in this study that concept cartoons can be used in a variety of

ways during the lessons as depicted in Fig. 3.12.

1.
• Complete concept cartoons depicting various viewpoints 

of a concept to be analysed by learners

2.
• Concept cartoons with correct and incorrect statements 

about a concept to be analysed by learners

3.
• Concept cartoons with incomplete statements to be 

completed by learners

4.
• Concept cartoons with empty speech bubbles to be filled 

by learners

5.
• Allowing learners to draw / prepare their own concept 

cartoons

Fig. 3.12 Various ways of

using concept cartoons

during classroom teaching
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It needs to be highlighted that using concept cartoons in various ways during the

lessons endows additional benefits to learners, like promoting thinking, enhancing
writing skills (filling empty speech bubbles and preparing their own concept

cartoons); promoting creativity (drawing/preparing their own concept cartoons),

as well as enhancing observation skills (using concept cartoons in conjunction with
practical work), in addition to promoting classroom interactions and increasing

motivation and engagement.

Secondly, the present study has also brought to light that concept cartoons can be

effectively used during all the steps of a typical lesson as portrayed in Fig. 3.13.

The third key aspect of concept cartoons that we would like to report here is that

its use in classroom teaching is not rigid and exclusive, that is, it can easily accommo-

date use of other strategies like groupwork,minds-on activities, teacher-demonstration,

hands-on practical work as well as video-viewing. In the present study, we have been

able to use concept cartoons as teaching tools to complement the afore-mentioned

strategies, thereby adding variety to the lessons and rendering the classroom environ-

ment richer and more conducive and interesting for students.

Findings from the present study have also revealed that using concept cartoons

in classroom situation takes additional teaching time, and also demands adequate

preparation from the part of the teacher. Teachers should not only have a good

mastery of the concept, but should also take into consideration its application in real

life situations to be able to prepare relevant concept cartoons for teaching purposes.

Another important recommendation based on the present study is that during

preparation of concept cartoons, teachers should be careful to include statements

of varying levels to cater for learners of all abilities; otherwise learners can get

bored/unmotivated if the statements are too straightforward and low-order as these

would not challenge them to think. Thus, for successfully incorporating use of

concept cartoons in lessons, it is important for teachers to take into consideration

the preparation of the concept cartoons, as well as proper planning and implemen-

tation of the lessons, in order to promote conceptual understanding, and at the same

time ensuring proper time-management for completion of lessons within the

allocated time.

In conclusion, the present study has clearly brought into perspective how

concept cartoons can be used in the teaching of “Metals and the Reactivity Series”.

Introduction - Arousing learners' interest 

Recalling and testing learners'prior
knowledge 

Teaching /learning activities in conjunction
with other resources and strategies 

Formative assessment / Assessment for
learning 

Closing / Summarising lesson

Fig. 3.13 Potentiality of

use of concept cartoons at

all steps of a lesson
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The study thus confirms the practicability of using concept cartoons in Chemistry

Education. Further, the research has also revealed that use of concept cartoons has

had a positive impact on students, in terms of enhanced interest, motivation,

engagement and increased classroom interactions (teacher-student and student-

student), as well as enhanced conceptual understanding and improved performance.

Thus, concept cartoons can provide teachers with a means to shift to a learner-

centred classroom situation as earlier recommended [14]. We also report here that

use of concept cartoons has encouraged learners to voice out their prior

conceptions, thereby lending support to claims made by other authors [18]. Last

but not least, the present research has also brought to light how concept cartoons

can be successfully used in various ways in classroom teaching, in conjunction with

other teaching strategies, and also at various steps during a lesson.
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Chapter 4

Electron Correlation Energy in the Ground

State of the Helium Sequence

Khalil H.A. AL-Bayati and Nada I.I. AL-Zubaidi

Abstract The purpose of this work is to examine five trial wave functions for the

helium atom and the helium-like ions (He, Li+, Be2+,. . . . .Ne8+). The comparisons

between the trial wave function have been done in view of the calculated energy (E)

and the electron–electron repulsion, 1
r12

D E
, for the atom and all the ions considered.

The calculations show that as the wave function becomes more correlated, Ecorr

increases and the percentage error in energy calculation decreases, whereas this

percentage, for all systems under study, decreases as Z increases. The best trial

wave function in this work gives results closer to the experimental findings due to a

reduction in electron–electron repulsion.

4.1 Introduction

The concept of electron correlation energy ðEcorrÞ was first proposed by Wigner in

his classic study of free electrons in metal [1], and later Lowdin defined the

correlation energy as the difference [2]:

Ecorr ¼ Eexact � EHF (4.1)

where Eexact is the exact, non-relativistic energy, and EHF is the Hartree-Fock energy.

The calculations require accurate evaluation of the correlation energy as the latter is

important in quantum chemistry [4]. The correlation problem is usually treated using
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either configuration interaction [5], or Variation method [6] or Perturbation Theory.

Electron correlation results from the Pauli exclusion principle, and by mutual repul-

sion as governed by understanding the factors that determine the correlation energy

are complicated by the famine of parameters that can be conveniently varied to

measure their effect [7]. The correlation energy can be divided into the radial

correlation energy ðErad; corrÞ and the angular correlation energy ðEang; corrÞ. Radial
correlation accounts for the tendency of the two electrons to be at different distance

from the nucleus while angular correlation accounts for the tendency of the two

electrons to occupy positions on opposite sides of the nucleus [8].

Consider a system of two electrons such as, neutral helium atom He (Z ¼ 2) or

ions with two electrons such as H� (Z ¼ 1) and Li+ (Z ¼ 3) [9].

The Hamiltonian operator for the helium sequence can be expressed in atomic

units [10, 11]:

H ¼ �1

2
r2

1 �
1

2
r2

2 �
Z

r1
� Z

r2
þ 1

r12
(4.2)

The Schrödinger equation (S.E.) cannot be solved exactly, because of the

electron–electron repulsion term and this is why the approximation method such

as the Variation Method [9] became very important to solve the S.E.

4.2 Theory

The Hartree-Fock wave function for a helium-like ion is [12]:

ψHF r1; r2ð Þ ¼ φ r1ð Þφ r2ð Þ (4.3)

where φ rið Þ is spherically symmetric spatial orbital, where i ¼ 1 or 2.

The orbital function is defined as [13]:

φðrÞ ¼ α3

π

� �1
2

exp �αrð Þ (4.4)

The first and simplest trial function for a helium-like ion is written by Kellner [13]:

ψ1 r1; r2ð Þ ¼ φ r1ð Þφ r2ð Þ ¼ α3

π
exp �α r1 þ r2ð Þð Þ (4.5)

This wave function is the Hartree-Fock solution where the orbital is a Slater-type

function with the optimal exponent [13]α ¼ Z � 5
16

which is calculated by variation
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treatment. For helium atom α ¼ 27
16
, this means that the other electron partially

screens the nucleus, reducing its effective charge from 2 down to about 1.6875 [9].

Physically this parameter may be interpreted as the effective nuclear charge felt

by each of the electrons [9]. It is based on the orbital concept where electrons have

wave functions that are independent of the coordinates of other electrons. Since it

does not provide for electron correlation it will serve as the standard in the

subsequent series of calculations.

Some electron correlation can be built into the second type of trial wave function

by assuming that each electron is in an orbital which is a linear combination of two

scaled hydrogen 1 s orbitals.

φðrÞ ¼ exp �αrð Þ þ exp �βrð Þ (4.6)

Under the orbital approximation, this assumption gives a trial wave function of

the form [14]:

ψ2 r1; r2ð Þ ¼ φ r1ð Þφ r2ð Þ ¼ exp �α r1 þ r2ð Þð Þ þ exp � αr1 þ βr2ð Þð Þ
þ exp � βr1 þ αr2ð Þð Þ þ exp �β r1 þ r2ð Þð Þ (4.7)

Inspection of this wave function indicates that 50 % of the time the electrons are

in different orbitals, while for the first trial wave function the electrons were always

in the same orbital. The energy calculation in this case is more complex than that

using the previous one and that it is being minimized simultaneously with respect to

two parameters rather than just one. It is also clear that introducing some electron

correlation into the trial wave function has improved the agreement between theory

and experiment, but still more improvements are needed.

Electron correlation can be increased further by eliminating the first and last

term in the second type wave function. This yields the third trial type wave function

of the form [9, 10]:

ψ3 r1; r2ð Þ ¼ exp � αr1 þ βr2ð Þð Þ þ exp � βr1 þ αr2ð Þð Þ (4.8)

This trial wave function is called Eckart wave function. It places the electron in

different scaled hydrogen 1 s orbitals 100 % of the time and it allowed two different

shielding factors, suggesting that one electron is relatively close to the nucleus, and

the other is further away [9]. This wave function allows for (in-out) correlation

since the two electrons may be supposed to be in distinct orbitals [15]. This

equation is then minimized simultaneously with respect to the adjustable two

parameters, α and β.
The third type of trial wave function, however, still rests on the orbital approxi-

mation and, therefore, does not treat electron correlation appropriately. The extent

of electron correlation in the fourth type of trial function can be increased further by
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introducing electron correlation directly by adding a term, r12 involving the inter

electron separation [16]:

ψ4 r1; r2ð Þ ¼ N � exp �α r1 þ r2ð Þ½ � � 1þ b� r12½ � (4.9)

This wave function is called Hylleraas type wave function [3]. It is a linear

expansion of basis functions that are constructed with Slater orbitals. It contains

two variational parameters α and b and these coefficients are determined variation-

ally. Physically, α is once again the effective nuclear charge while b may be

interpreted as a measure of electronic correlation [6]. The term 1þ b� r12 makes

the wave function larger for large values of r12; this is as it should be, because the

repulsion between the electrons makes it energetically more favorable for the

electrons to avoid each other [3].

The fifth type of trial wave function brought about further improvement by

adding Hylleraas r12 term to the third trial wave function as given by Eq. (4.10):

ψ5 r1; r2ð Þ ¼ N � exp � αr1 þ βr2ð Þð Þ þ exp � βr1 þ αr2ð Þð Þ½ � � 1þ br12½ � (4.10)

This wave function is called Chandrasekhar wave function [17], and it consists

of three parameters which give rise to fairly complicated variational expression for

the ground state energy.

4.3 Results and Discussion

Table 4.1 shows the calculated and the experimental energy values for helium

sequence.

Table 4.2 shows the expectation value of electron–electron repulsion Veeh i ¼ 1
r12

D E

using the five trial wave functions and the relation between Veeh i versus Z is

represented in Fig. 4.1. The percentage error of energy is shown in Table 4.3.

Table 4.4 gives Ecorr% (the percentage correlation energy) defined as [3, 8]:

Ecorr% ¼ Ecorr

E
� 100;where E is the calculated energy in a:u:

The calculation with the first trial wave function ψ1 r1; r2ð Þ gives energy for

helium atom E ¼ �2.8477 a.u. and an error of 1.93 % with α ¼ 1.6875. This error

is due to this type of function, because it includes one parameter (α), which may be

interpreted as the effective nuclear charge felt by each of the electrons. The error in

this calculation is attributed to the fact that the wave function is based on the orbital

approximation and, therefore, does not appropriately take electron correlation into

account. In other words, this wave function gives the electrons too much indepen-

dence, given that they have like charges and tend to avoid one another.
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From the second trial wave function, the value of the energy for He atom is

E ¼ �2.8603 a.u. obtained for α ¼ 2:1603 and β ¼ 1:2141 and energy error % is

1.49. The result of this wave function shows that the value of energy and energy

error % is less than that in ψ1 r1; r2ð Þ and this means that ψ2 r1; r2ð Þ is better than
ψ1 r1; r2ð Þ because it includes two parameters α, β and this wave function indicates

that 50 % of the time, the electrons are in different orbitals, while for the first trial

wave function the electrons are in the same orbital 100 % of the time. Therefore

ψ2 r1; r2ð Þ is introducing some electron correlation into the trial wave function with

Ecorr% ¼ 0:441 and this means it becomes a correlated wave function.

Third trial wave function ψ3 r1; r2ð Þ shows that the value of the energy for He

atom is �2.8757 a.u. with α ¼ 2:18317 and β ¼ 1:18853, and energy error % is

0.9656. This result indicates ψ3 r1; r2ð Þ is better than ψ1 r1; r2ð Þ and ψ2 r1; r2ð Þ, and it
becomes more correlated. From them Ecorr% ¼ 0:974, because it is assumed that

one electron is closer to the nucleus than the other; such an effect may be called

radial correlation.

Table 4.1 The calculated energy (E) and experimental energy (Eexp) for helium sequence using

five trial wave functions (results are in a.u.)

Species Z

� E

� Eexp [18]ψ1 ψ2 ψ3 ψ4 ψ5

H� 1 0.4727 0.4870 0.5133 0.5088 0.5255 0.5277

He 2 2.8477 2.8603 2.8757 2.8911 2.9014 2.9037

Li+ 3 7.2227 7.2350 7.2487 7.2682 7.2772 7.2799

Be2+ 4 13.5977 13.6098 13.6230 13.6441 13.6525 13.6556

B3+ 5 21.9727 21.9847 21.9970 22.0200 22.0278 22.0309

C4+ 6 32.3477 32.3596 32.37227 32.3950 32.4029 32.4062

N5+ 7 44.7227 44.7346 44.7471 44.7700 44.0778 44.7814

O6+ 8 59.0977 59.1096 59.1220 59.1452 59.1532 59.1566

F7+ 9 75.4727 75.4846 75.4970 75.5200 75.5281 75.5317

Ne8+ 10 93.8477 93.8595 93.8720 93.8954 93.9032 93.9068

Table 4.2 The expectation

value of electron–electron

repulsion 1
r12

D E
, for helium

sequence using five trial

wave functions

Species Z

Veeh i ¼ 1
r12

D E

ψ1 ψ2 ψ3 ψ4 ψ5

H� 1 0.4297 0.3965 0.2958 0.3731 0.3208

He 2 1.0547 1.0281 0.9921 0.9743 0.9492

Li+ 3 1.6797 1.6544 1.6242 1.5924 1.5721

Be2+ 4 2.3047 2.2799 2.2519 2.2144 2.1960

B3+ 5 2.9297 2.9052 2.8698 2.8378 2.8203

C4+ 6 3.5547 3.5304 3.5041 3.46179 3.4449

N5+ 7 4.1797 4.1555 4.1297 4.08611 4.0696

O6+ 8 4.8047 4.7806 4.7552 4.71061 4.6945

F7+ 9 5.4297 5.4057 5.3805 5.33525 5.3192

Ne8+ 10 6.0547 6.0308 6.0057 5.95996 5.9439
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Fig. 4.1 Veeh i versus Z

Table 4.3 The energy

error % for helium

sequence using five trial

wave functions

Species Z

Energy error %

ψ1 ψ2 ψ3 ψ4 ψ5

H� 1 10.40 7.709 2.7283 3.585 0.410

He 2 1.930 1.490 0.9656 0.433 0.078

Li+ 3 0.790 0.617 0.428 0.161 0.037

Be2+ 4 0.400 0.335 0.239 0.085 0.022

B3+ 5 0.260 0.210 0.154 0.0515 0.014

C4+ 6 0.180 0.144 0.105 0.035 0.010

N5+ 7 0.130 0.104 0.077 0.025 0.0076

O6+ 8 0.100 0.079 0.059 0.019 0.0057

F7+ 9 0.078 0.062 0.046 0.015 0.0047

Ne8+ 10 0.063 0.050 0.037 0.012 0.0038

Table 4.4 The percentage

correlation energy Ecorr%ð Þ
for helium sequence using

four correlated trial wave

functions

Species

Ecorr%

ψ2 ψ3 ψ4 ψ5

H� 2.936 7.910 7.095 10.048

He 0.441 0.974 1.501 1.851

Li+ 0.170 0.359 0.626 0.749

Be2+ 0.089 0.186 0.340 0.401

B3+ 0.055 0.110 0.215 0.250

C4+ 0.037 0.076 0.146 0.170

N5+ 0.027 0.055 0.106 0.123

O6+ 0.020 0.041 0.080 0.094

F7+ 0.016 0.032 0.063 0.073

Ne8+ 0.013 0.026 0.051 0.059
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The value of the energy for He atom using fourth trial wave functionψ4 r1; r2ð Þ is
�2.8911 a.u. The energy error % with α ¼ 1:8497 and b ¼ 0:3658 is 0.433.

Comparing the result of this function with the previous equations, it is clear that

ψ4 r1; r2ð Þ is a better trial wave function because it takes into account the instanta-

neous electron correlation. Therefore Ecorr% increases to 1:501 , because it

introduces the inter electronic distance; such a correlation is called angular

correlation.

The fifth type trial wave functionψ5 r1; r2ð Þ shows that the value of the energy for
He atom is �2.9014 a.u. with α ¼ 2:2088, β ¼ 1:4364 and b ¼ 0:2934 and energy

error % is 0.078. On comparing the results of this wave function with the previous

equations, it is clear that ψ5 r1; r2ð Þ is a much better trial wave function because it

includes three parameters α, β and b where the parameter b adds weight to the r12
term which most directly represents electron correlation in the wave function. Thus,

it becomes more correlated from previous wave functions and therefore Ecorr%
increases to 1:851.

The discussion above is nearly the same for all the helium sequence except that

the hydride ion is a particularly interesting case because the first two trial wave

functions do not predict stable ion where the starting point for H� should be the

third trial wave function. This indicates that electron correlation is an especially

important issue for atoms and ions with small nuclear charge.

4.4 Conclusions

Some conclusions from this research are:

(a) The calculations show that as wave function becomes more correlated, Ecorr %
increases and percentage energy error decreases.

(b) The three parameters wave function becomes more like the two and one

parameter wave function as Z increases.

(c) Except for the hydride ion results for ψ4 r1; r2ð Þ, the improved agreement with

experimental results (the lower total energy) is due to a reduction in

electron–electron repulsion as shown in Tables 4.1 and 4.2.

(d) As shown in Table 4.3, the percentage of energy error for atom and ions

decreases as Z increases, because the attraction of the nucleus is increased

with Veeh i.
(e) Fifth type trial wave function is better than all the wave functions used in this

work, because it gives results closer to the experimental results.
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Chapter 5

Hydrocarbon Generating Potentials

of Benue Trough Coals

Aliyu Jauro, Brian Horsfield, Heinz Wilkes, and Muhammad B. Abubakar

Abstract Benue trough is an inland coal bearing basin that has been only lightly

explored for petroleum. An organic geochemical analysis of coal samples from

Kumo and Lamza in the upper part of the trough and from Lafia-Obi in the lower

part was undertaken to assess their hydrocarbon generative potentials. The highest

%Ro and Tmax of 0.9–1.1 % and 449–455 �C was found in Lafia-Obi samples, next

was Lamza with 0.5–0.7 % and 434–438 �C and Kumo with 0.4–0.6 % and

415–429 �C. The HI of Lafia-Obi, Lamza and Kumo are within the ranges of

136–246 mg HC/g TOC, 184–269 mg HC/g TOC and 167–322 mg HC/g TOC

respectively. The Odd-over-Even-Predominance (OEP) values and pristane/phy-

tane (Pr/Ph) ratios of the samples suggest that they are dominantly terrestrial in

nature and were deposited in an oxic to suboxic environment. Ratios of 20S/
(20S + 20R)ααC29 cholestanes, 20S/(20S + 20R)ββC29 cholestanes, βα/(βα + αβ)
C30 hopanes, Ts/Ts + Tm C27 hopanes and other maturity parameters suggest that

Lafia-Obi is highest in maturity (peak oil window), followed by Lamza (early oil

window) and then Kumo (immature).

5.1 Introduction

The potentials of terrestrial organic matter, coals and coaly shale for generating

oil have been established [1, 2]. The importance of this potential source of

hydrocarbons has been highlighted by the discovery of a number of oil and gas
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fields around the world. Some typical examples include the Junggar and Tarim

basins in the north-western China, the Herald and Lulita fields in the Danish Central

Graben of the North Sea, the Mahakam Delta in Indonesia and the Niger Delta in

Nigeria [3, 4].

Benue trough is a lightly explored sedimentary basin and has had some small

discoveries. One of the three wells drilled in the inland basin established the

existence of an effective petroleum system. Kolmani-River 1 drilled by Shell

Nigeria Exploration Company, to a depth of 3,000 m in 1999, encountered some

934 billion standard cubic meter of gas and a little oil, but the well was plugged

and suspended due to the sub-commercial inferred reserve [5]. The second well,

Nasara-1, was found to be dry, but the occurrence of migrated oil was reported [5,

6]. Although many coals generate significant amounts of liquid hydrocarbons that

are similar to naturally occurring oils, poor expulsion efficiency limits their source

rock potential [7]. Significant amounts of liquid products are assimilated by vitrinite

matrix of most coals prior to expulsion. The coals from Benue trough are Creta-

ceous and majority of humic coals capable of generating and expelling non-volatile

are Cretaceous to Tertiary in age [4]. The presence of petroleum source rock is a

major prerequisite to petroleum accumulation. Previous studies have indicated that

some coal beds constitute one of the potential source rocks in the Benue trough [8,

9]. Assessing the source rock potentials of the coals would reduce petroleum

exploration risks by determining whether the coal bearing basins could be explored

further for petroleum.

Benue trough originated from early Cretaceous rifting of the Central West

African basement uplift. It forms a regional structure 150 km wide which is exposed

from the northern frame of the Niger Delta running northeastwards for about

1,000 km terminating underneath Lake Chad (Fig. 5.1). The trough contains as

much as 6,000 m of Cretaceous-Tertiary sediments, including those predating the

middle Santonian which have been compressed, deformed, folded, faulted, and

uplifted in several places, producing more than 100 anticlines and synclines

[10]. The Benue trough is subdivided into lower, middle and upper parts (Fig. 5.1).

The upper part of the trough bifurcates at its northeastern end into the Gongola and

the Yola basins (Fig. 5.1).

The aims of this study are to use some vitrinite reflectance, Rock-Eval pyrolysis

and biomarkers in assessing the maturity, organic matter type and hence the

hydrocarbon source rock potentials of Lafia-Obi, Lamza and Kumo coal samples.

5.2 Materials and Methods

5.2.1 Samples

Four coal samples were collected from each of the three locations, making a total

number of twelve (12). Samples were collected at the depth of 27.5 m from

Kumo (KM) in Maiganga coal mines of the Gongola basin and from outcrops at
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Lamza (LM) in the Yola basin of the upper part of the trough (Fig. 5.1). Samples were

also collected at the depth of 20.7 m from Lafia-Obi in the middle part of the trough

(Fig. 5.1).

5.2.2 Rock-Eval Pyrolysis and Total Organic Carbon (TOC)

The TOC and Rock-Eval analyses were conducted by Applied Petroleum Technol-

ogy AS, Kjeller, Norway, using a Rock-Eval 6 instrument and based on the

Norwegian Industry Guide to Organic Geochemical Analysis [11].

5.2.3 Solvent Extraction of Coal Samples

The samples were pulverized and passed through a 250 μm sieve size. The

powdered sample (5 g) was soxhlet extracted with an azeotropic mixture of

dichloromethane and methanol (250 ml), in the volume ratio of 99:1 for 24 h.

Solvent was recovered with the aid of a turbo vaporizer. Asphaltenes removal was

achieved by the addition of 60-fold n-hexane. The deasphalted extract (maltenes)

and residue (asphaltenes) were dried to a constant weight in a nitrogen atmosphere.

The deasphalted extract was dissolved in 1 ml n-hexane. 5.0 mg/ml of 5α-androstane

Fig. 5.1 Geological map of Nigeria, showing the major sedimentary basins and samples location

(Modified from Jauro et al. [9])
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in hexane and 2.0 mg/ml of ethylpyrene in toluene were added to the mixture as

internal standards. Volumes of the internal standards added were based on extract

weight-to-internal standard volume ratio of 1 mg:1 μl. A 40 μl of the standard oil

(Norwegian Geochemical Standard (NGS) oil sample, NSO-1) was prepared in a

similar way but without asphaltenes removal. Fractionation of maltenes into

aliphatics, aromatics and NSO fraction was achieved using Medium Pressure Liquid

Chromatography (MPLC).

5.2.4 Gas Chromatography

Capillary gas chromatography was carried out using Agilent model 6890 gas

chromatograph equipped with a vaporizing injector, a 50 m long and 0.20 μm
internal diameter fused silica capillary column coated with a 0.33 μm film of Ultra

1 methylsiloxane stationary phase, and a flame ionization detector. 5α-androstane
in hexane was used as an internal standard. A volume of 1 μl of the sample was

injected by an autosampler. The front inlet was a HP PTV operated in a splitless

mode. Helium was used as the carrier gas with an average velocity of 24 cm/s.

Saturated hydrocarbon fractions were analyzed using an initial oven temperature of

40 �C for 2 min, then increase at the rate of 5 �C min�1 up to a temperature of

300 �C where it was held for 60 min.

5.2.5 Gas Chromatography–Mass Spectrometry

Biomarker analysis of the aliphatic hydrocarbon fraction was carried out using an

Agilent 6890 series gas chromatograph interfaced with a Finnigan MAT 95 XL

series mass selective detector operated in Metastable Reaction Monitoring (MRM)

mode. Sample (1 μl aliquot) dissolved in n-hexane was injected using an automatic

sampler. The front inlet was a HP PVT injection system operated in a splitless mode

equipped with a fused silica capillary column (SGE BPX5; 50 m length, inner

diameter of 0.22 μm, film thickness of 0.25 μm). Helium was used as the carrier gas

with a flow rate of 20 cm3/min. The GC oven temperature was held at 50 �C
for 1 min, and then raised to 310 �C at 3 �C/min where it was held isothermally for

20 min, making a total run time of 107.7 min. The electron impact mass spectra

were obtained at 70 eV in acquired mode. Peaks on mass chromatogram were

identified based on comparison with known standards and published elution

time. Both peak heights and areas of selected compounds were measured from

the selected ion mass chromatograms, and were used in calculating the various

compounds ratios.
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5.3 Results

5.3.1 Vitrinite Reflectance, Rocks-Eval Data and Total
Organic Carbon

The vitrinite reflectance values, rock-eval pyrolysis and total organic carbon (TOC)

of the coals are shown in Table 5.1. The samples’ vitrinite reflectance (%Ro) falls

within 0.4–1.1 %. Lafia-Obi has the highest %Ro values of 0.9–1.1, followed by

Lamza with %Ro values of 0.5–0.7. Kumo has the least %Ro values of 0.4–0.6. The

TOC of the samples varies from 23.8 to 75.8 wt%. In Lafia-Obi, TOC ranges from

23.8 to 66.7 wt%, while in Lamza and Kumo, TOC contents are in between

50.7–75.8 wt% and 40.6–61.1 %, respectively. Rock Eval data indicate that the

maximum temperature for hydrocarbon generation (Tmax) of Lafia-Obi coal

samples falls within the range of 449–455 �C, while those of Lamza and Kumo

are within the ranges 434–438 �C and 415–429 �C, respectively. The hydrogen

index (HI) of the samples varies from 136 to 322 mg HC/g TOC. The HI of Lafia-

Obi, Lamza and Kumo are within the ranges of 136–246 mg HC/g TOC,

184–269 mg HC/g TOC and 167–322 mg HC/g TOC respectively.

5.3.2 Extract Composition and Distribution of n-Alkanes

The concentrations of extracts from the coal samples and ratios of Pr/Ph, OEP, Pr/n-
C17, and Ph/n-C18 are shown in Table 5.2. Bitumen concentrations vary from 17.1 to

146.5 mg/g TOC. The lowest and highest extracts of 100.5–146.5 mg/g TOC and

17.1–55.5 mg/g TOC were obtained from Lamza and Lafia-Obi coal samples,

respectively. Bitumen from Kumo are within the range 26.7–72.3 mg/g TOC.

Table 5.1 Vitrinite reflectance and rock-eval pyrolysis data of the Benue trough coal samples

TOC S1 S2 S3 Tmax OI HI

Location Identity %Ro wt% mgHC/g mgHC/g mgHC/g �C mgCO2/gTOC mgHC/g

Lafia-Obi LF-2 1.0 66.7 4.4 164.3 1.3 452 2 246

LF-4 1.1 23.8 0.7 39.6 1.2 455 5 166

LF-6 1.0 61.1 1.9 83.1 13.6 449 22 136

LF-9 0.9 27.0 3.9 41.2 1.7 452 6 153

Kumo KM-2 0.5 56.0 2.8 150.3 22.9 415 41 268

KM-3 0.6 61.1 2.1 124.8 24.6 421 40 204

KM-5 0.4 57.7 1.7 96.3 28.7 415 50 167

KM-6 0.4 40.6 1.1 130.6 13.9 429 34 322

Lamza LM-1 0.5 72.2 7.5 194.0 7.6 436 10 269

LM-3 0.5 73.3 4.3 171.0 11.3 435 15 233

LM-4 0.6 75.8 4.7 174.5 10.2 434 13 230

LM-5 0.7 50.7 2.2 93.3 12.6 438 25 184
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The concentrations of deasphalted extracts (maltenes) in Lafia-Obi and Kumo

are 5.8–29.3 mg/g TOC and 9.1–19.1 mg/g TOC respectively. The distribution of

the maltenes in the samples (Table 5.2) revealed a similar pattern as that of the whole

extract.

Figure 5.2 shows the gas chromatograms of the aliphatic fractions of coal

extracts. The chromatograms generally exhibit a unimodal n-alkane distribution

within the nC15-nC33 range. There is absence of n-C27, n-C29 and n-C31 dominance

(OEP ~ 1), except in Kumo, where OEP is greater than 2 (Fig. 5.2, Table 5.2). The

samples from Kumo are poor in low molecular weight n-alkanes, with high Pr/Ph

ratios above 3. The highest Pr/Ph ratios of 9.8–12.0 were observed in Lamza coals.

5.3.3 Terpanes

The total ion current (TIC) chromatograms of the aliphatic fractions of representa-

tive samples showing the triterpanes distribution are shown in Fig. 5.3. Identities of

the annotated peaks on the mass chromatograms are given in Table 5.3 and

biomarker ratios are shown in Table 5.4.

Lamza and Lafia-Obi samples have abundant C27 to C35 hopanes, while Kumo

samples are rich only in the C27 to C33 hopanes. The concentration of 17α(H)-
22,29,30-trisnorhopane (Tm) is generally higher than the 18α(H)-22,29,30-
trisnorneohopane (Ts) in all the samples, with the exception of Lafia-Obi where

the reverse is the case. 17β(H),21β(H)-Hopane is either absent or its concentration
is below the detection limit in all the coal samples. Oleanane is present in lower

concentration in Lamza and Lafia-Obi samples. Gammacerane was not detected

in all the samples (Fig. 5.3, Table 5.3).

Table 5.2 Composition of the coal extracts from Benue trough

Location Identity

Bitumen Maltenes Asphaltenes

Pr/Ph Pr/nC17 Ph/nC18 OEPmg/g TOC mg/g TOC mg/TOC

Lafia-Obi LF-2 38.8 21.3 13.5 3.4 8.9 2.2 1.0

LF-4 17.1 12.9 2.0 3.6 1.2 0.2 1.0

LF-6 54.1 5.8 21.9 3.2 0.5 0.1 1.0

LF-9 55.5 29.3 15.9 5.1 0.7 0.1 1.0

Kumo KM-2 49.6 14.1 29.0 4.5 4.0 0.7 2.1

KM-3 51.3 19.1 30.9 3.1 2.5 0.4 5.9

KM-5 26.7 9.1 16.7 5.7 4.3 0.6 3.4

KM-6 72.3 16.9 51.2 3.1 0.8 0.2 3.1

Lamza LM-1 146.5 33.2 6.3 10.9 12.1 0.9 1.2

LM-3 100.5 30.9 45.8 11.5 12.2 0.9 1.3

LM-4 118.7 27.7 6.2 12.0 11.9 0.9 1.2

LM-5 121.5 38.7 36.7 9.8 7.6 0.6 1.2

Pr pristine, Ph phytane, OEP odd-over–even predominance ¼ (C25 + 6C27 + C29)/(4C26 + 4C28)
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Fig. 5.2 Representative gas chromatograms showing n-alkanes distribution in Lafia-Obi (LF-6),

Kumo (KM-6) and Lamza (LM-3) coal samples
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Kumo samples recorded the highest ratio of 29.6 for 17β,21α(H)-moretane/

17β,21α(H)-moretanes + 17α,21β(H)-hopane, i.e. βα/(βα+ αβ)�C30, while the

lowest ratios of 4.2–6.0 were observed in Lafia-Obi samples. Ratios in Lamza are

in between 12.2 and 16.2. The ratio of 22S to 22S and 22R epimers of 17α(H),21β
(H)-C31-hopanes [22S/(22S + 22R)C31αβ hopanes] of Lafia-Obi, and Lamza is

~60.0, while in Kumo samples they are in between 21.1 and 31.7. The ratios of

Ts/(Ts + Tm)C27 hopanes in Lafia-Obi samples fall in between 51.4 and 85.4,

while ratios in Kumo and Lamza samples are both less than 10.0.

Fig. 5.3 GC-MS MRM mass chromatograms showing the distribution of C27-C34 hopanes in

Lafia-Obi (LF-9), Kumo (KM-6) and Lamza (LM-3) coal samples
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5.3.4 Cholestanes

Representative GC-MSMRMmass chromatograms of C27 to C30 cholestanes in the

aliphatic fraction of the coal extracts are shown in Fig. 5.4. The identities of the

peaks annotated on the mass chromatograms are given on Table 5.5. The

cholestanes are more abundant in samples from Lafia-Obi and Lamza than in

Kumo. Kumo samples recorded the least ratio of 20S/(20S + 20R) 5α(H),14α
(H),17α(H)-C29 of 21.2–28.5 %. Ratios in Lafia-Obi and Lamza samples were

40.3–49.3 % and 50.4–53.7 %, respectively. There is no significant difference in

the ratios of 20S/(20S + 20R)5α(H),14β(H),17β(H)-C29 (i.e. 20S/(20S + 20R)αββ)
of the coal samples. Ratios in all the samples fall in between 23.8 % and 33.3 %

with the exception of a sample from Kumo which recorded the lowest value of

17.0 %. The (20S + 20R) αββ/(αββ + ααα) of C29 ratios start from 41.5 % in Kumo

coal sample to a maximum value of 66.6 % in Lafia-Obi sample. Ratios in Kumo

and Lamza samples are within the ranges 41.5–61.6 % and 54.4–61.4 %,

respectively.

Table 5.3 Identities of

annotated hopanes peaks

in Fig. 5.3

Peak Compound

1 18α(H)-22,29,30-Trisnorneohopane (Ts)
2 17α(H)-22,29,30-Trisnorhopane (Tm)

3 17β(H)-22,29,30-Trisnorhopane
4 αβ C28

5 17α(H),21β(H)-30-Norhopane
6 18α(H)-Norneohopane (C29 Ts)

7 17β(H),21α(H)-30-Norhopane
8 17α(H)-Diahopane
9 Oleanane

10 17α(H),21β(H)-30-Hopane
11 17β(H),21β(H)-30-Norhopane
12 (22S)-17α(H),21β(H)-29-Homohopane

13 (22R)-17α(H),21β(H)-29-Homohopane

14 (22S)- and (22R)-17β(H),21α(H)-29-Homomoretane

15 (22S)-17α(H),21β(H)-29-Dihomohopane

16 (22R)-17α(H),21β(H)-29-Dihomohopane

17 (22S)- and (22R)-17β(H),21α(H)-29-Homohopane

18 (22S)-17α(H),21β(H)-29-Trihomohopane

19 (22R)-17α(H),21β(H)-29-Trihomohopane

20 (22S)- and (22R)-17β(H),21α(H)-29-Trihomohopane

21 (22S)-17α(H),21β(H)-29-Tetrahomohopane

22 (22R)-17α(H),21β(H)-29-Tetrahomohopane

23 (22S)- and (22R)-17β(H),21α(H)-29-Tetrahomohopane

24 (22S)-17α(H),21β(H)-29-Pentahomohopane

25 (22R)-17α(H),21β(H)-29-Pentahomohopane
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Fig. 5.4 GC-MS MRM partial mass chromatograms showing the distribution of C27-C30

cholestanes in Lafia-Obi (LF-9), Kumo (KM-6) and Lamza (LM-3) coal samples

5 Hydrocarbon Generating Potentials of Benue Trough Coals 85



5.4 Discussion

5.4.1 Vitrinite Reflectance, Rocks-Eval Pyrolysis and Total
Organic Carbon

The %Ro of Lafia-Obi coal samples (0.9–1.1) indicate that they are at the late

maturity stage for hydrocarbon generation, while most of Lamza samples (0.5–0.7)

are in between immature to early mature [12]. The reflectance values for Kumo (%

Ro < 0.6) indicate that they are immature (Table 5.1). Amongst coal samples,

Lafia-Obi samples are the only ones within the proposed maturity range for

effective oil window [4, 13]. Coals are generally rich in organic carbon content,

Table 5.5 Identities of

annotated compounds of

cholestanes in Fig. 5.4

Peak Compound

A1 (20S)-13β(H),17α(H)-dicholestane
A2 (20R)-13β(H),17α(H)-dicholestane
A3 (20R)-13α(H),17β(H)-dicholestane
A4 (20S)-13α(H),17β(H)-dicholestane
A5 (20S)-5α(H),14α(H),17α(H)-cholestane
A6 (20R)-5α(H),14β(H),17β(H)-cholestane
A7 (20S)-5α(H),14β(H),17β(H)-cholestane
A8 (20R)-5α(H),14α(H),17α(H)-cholestane
B1 (20S)-24-Methyl-13β(H),17α(H)-dicholestane
B2 (20R)-24-Methyl-13β(H),17α(H)-dicholestane
B3 (20R)-24-Methyl-13α(H),17β(H)-dicholestane
B4 (20S)-24-Methyl-13α(H),17β(H)-dicholestane
B5 (20S)-24-Methyl-5α(H),14α(H),17α(H)-cholestane
B6 (20R)-24-Methyl-5α(H),14β(H),17β(H)-cholestane
B7 (20S)-24-Methyl-5α(H),14β(H),17β(H)-cholestane
B8 (20R)-24-Methyl-5α(H),14α(H),17α(H)-cholestane
C1 (20S)-24-Ethyl-13β(H),17α(H)-dicholestane
C2 (20R)-24-Ethyl-13β(H),17α(H)-dicholestane
C3 (20R)-24-Ethyl-13α(H),17β(H)-dicholestane
C4 (20S)-24-Ethyl-13α(H),17β(H)-dicholestane
C5 (20S)-24-Ethyl-5α(H),14α(H),17α(H)-cholestane
C6 (20R)-24-Ethyl-5α(H),14β(H),17β(H)-cholestane
C7 (20S)-24-Ethyl-5α(H),14β(H),17β(H)-cholestane
C8 (20R)-24-Ethyl-5α(H),14α(H),17α(H)-cholestane
D1 (20S)-24-Propyl-13β(H),17α(H)-dicholestane
D2 (20R)-24-Propyl-13β(H),17α(H)-dicholestane
D3 (20R)-24-Propyl-13α(H),17β(H)-dicholestane
D4 (20S)-24-Propyl-13α(H),17β(H)-dicholestane
D5 (20S)-24-Propyl-5α(H),14α(H)-cholestane
D6 (20R)-24-Propyl-5α(H),14β(H),17β(H)-cholestane
D7 (20S)-24-Propyl-5α(H),14β(H),17β(H)-cholestane
D8 (20R)-24-Propyl-5α(H),14αH),17α(H)-cholestane
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thus the total organic carbon of coal samples are generally more than the 0.5 wt%

threshold required for hydrocarbon generation [14]. The Tmax of Lafia-Obi coals

(449–455 �C) indicates that the samples are at their peak maturity for hydrocarbon

generation while those for Lamza (434–438 �C) suggest that they are at the late

immaturity or early maturity stage. Tmax values for Kumo samples clearly indicate

immaturity with respect to hydrocarbon generation. The “effective oil window” for

humic coal is widely accepted to be at a Tmax of 440–490
�C [15], thus only Lafia-

Obi coal is matured enough to have reached the “effective oil window”, which is in

agreement with the vitrinite reflectance values. Hydrogen indices of Lafia-Obi and

Lamza samples that fall within 136–246 mgHC/g TOC and 184–269mg HC/g TOC

(Table 5.1), suggest that samples from both sites are of type III kerogen, which may

generate gas at peak maturity [16]. The samples from Kumo show different types of

kerogen, ranging from type III, type II/III, and type II with probability of forming

gas, oil/gas and oil, respectively. Hunt [15] stated that coals and terrestrial organic

matter dispersed in shale capable of generating and expelling oil have HI values

greater than 200 mg HC/g. The HI’s of most samples from Lamza are greater than

200 mg HC/g, while most samples from Lafia-Obi have HI less than 200 mg HC/g.

The lower HI values in Lafia-Obi could be due to maturity influence because at late

maturity, there is a decrease in HI [9].

5.4.2 n-Alkanes Distribution

The unimodal n-alkane distribution and the dominance of n-C27, n-C29, and n-C31

in Lamza and Kumo coal samples (Table 5.2) indicate a terrestrial-derived organic

matter input [17]. The lack of n-C27, n-C29, and n-C31 dominance in Lafia-Obi coal

samples (Table 5.2) may be due to maturity influence [16, 18, 19]. The high pristane

and low phytane which generally gave a Pr/Ph > 3 in all the samples (Table 5.2)

indicate organic matter input deposited in an oxic to suboxic environment

[18–20]. Even though terrigenous other interpretations of Pr/Ph ratios take other

sources into account [21], they are probably less relevant in the case of coal

[22]. The observed OEP value of ~1 in Lafia-Obi and Lamza samples (Table 5.2)

suggest that they are higher in maturity than the Kumo samples with OEP of 2.1–5.9

[20, 23].

5.4.3 Terpanes

The presence of C27 to C35 hopanes in Lamza and Lafia-Obi coal samples as against

C27 to C33 hopanes in Kumo coal samples (Fig. 5.3, Table 5.3) indicates that they

are higher in maturity [24]. Oleanane is derived from β-amyrin which is a
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significant constituent of leaf waxes, wood, roots, and bark of angiosperms [25,

26]. Therefore, its presence indicates that the samples are cretaceous or younger in

age [27, 28]. The lower concentration of the oleanane in Lamza and Lafia-Obi coals

could be due to maturity influence because with increase in maturity, pentacyclic

triterpenoids, such as oleanane, are converted to aromatic compounds [29].

The ratio of 17β,21α(H)-moretanes to their corresponding 17α,21β(H)-hopanes
decreases with thermal maturity from ~80 % in immature bitumen to <15 % in a

mature one [30, 31]. Therefore the percentage of βα/(βα + αβ) C30-hopanes, which

is high in all the samples and varies in the order Kumo > Lamza > Lafia-Obi

(Table 5.4), suggest maturity trend in the reverse order. Lafia-Obi and Lamza

samples have reached an equilibrium value of ~60 % for the 22S/(22S + 22R)
17α(H),21β(H) C31 hopanes (Table 5.4), thus indicating that Lafia-Obi and

Lamza are in the oil window, while Kumo is immature [32, 33].

The presence of 17α(H),22,29,30-trisnorhopane (Tm) in higher concentration than

18α(H),22,29,30-trisnorneohopane (Ts) in Kumo and Lamza coal samples and the

reverse case in Lafia-Obi samples (Fig. 5.3; Table 5.3) show that they are lower in

maturity than Lafia-Obi coal samples [34]. This is supported by the Ts/(Ts + Tm)

ratios shown in Table 5.4. Ratios in Lafia-Obi coal samples are above 50 %,

indicating a wide maturity difference compared with Kumo and Lamza samples

with ratios of less than 10 %.

5.4.4 Cholestanes

The higher concentration of cholestanes in Lafia-Obi and Lamza coal samples

compared with samples from Kumo (Fig. 5.4, Table 5.5) could be due to maturity

influence because such compounds are usually evolved from kerogen with increase

in maturity [35, 36]. The ratios of (20S)/(20S + 20R) of 5α(H),14α(H),17α(H)-C29

cholestanes that are nearly the same in Lafia-Obi and Lamza samples but higher

than those of Kumo samples (Table 5.4) support that the samples from Lafia-Obi

and Lamza are more mature than Kumo [30, 32, 35]. Similarly, the αββ 20S/
(20S + 20R) ratios also support that the Lafia-Obi coal is higher in maturity that

both Kumo and Lamza (Table 5.4). The (20S + 20R) αββ/(αββ + ααα)�C29

cholestanes in the coal samples indicate that Kumo samples with ratios in the

range of 41.5–61.5 are lower in maturity than both Lamza and Lafia-Obi with ratios

of 54.4–61.4 and 60.5–66.6 respectively which are about to reach the equilibrium

values of 67–71 % [32] (Table 5.4). The ratio (αββ/(αββ + ααα) 20S + 20R C29

cholestanes for Lafia-Obi samples, which is greater than 60 %, also supports that the

coals are in the peak oil window [28]. Ratios for Lamza samples place them in the

oil window, while Kumo samples are least in maturity.
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5.5 Conclusions

The vitrinite reflectance andTmax values indicate that the Lafia-Obi coal samples are at

their late maturity for hydrocarbon generation, Lamza is in between immature to early

mature, while Kumo is immature. The dominance of high molecular weight odd

n-alkanes (nC27, nC29 and nC31) (OEP > 1) in Kumo and its absence in Lafia-Obi

coal samples both indicate that the organic matters are of terrestrial nature. Lack of

highmolecular weight odd n-alkanes dominance in Lafia-Obi (OEP ~ 1) is influenced

by maturity. Ratio of Pr/Ph higher than 3 in all the samples indicate oxic to suboxic

environment of deposition. Both Lafia-Obi and Lamza coals have attained an equilib-

rium value (60 %) for 22S/(22S + 22R)C31αβ hopanes and are close to that of 20S/
(20S + 20R)αββ/(αββ + ααα)C29. The combined ratios of 20S/(20S + 20R)ααC29

cholestanes, 20S/(20S + 20R)ββC29 cholestanes, βα/(βα + αβ) C30 hopanes, Ts/Ts +

Tm C27 hopanes suggest that Lafia-Obi is higher in maturity (peak oil window),

followed next by Lamza (early oil window) and then Kumo (immature).
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Appendix I: Some Chemical Structures Cited

(a) 17β(H),21β(H)-Hopane (b) 17β(H),21α(H)-Hopane

H

H
(c) 17α(H)-22,29,30-Trisnorhopane (Tm)

(d) 18α(H)-22,29,30-Trisnorneohopane (Ts)

H

H

H

(e) 20R, 24S 5α(H),14β(H),17β(H)-
Methylcholestane

H

H

H

(f) 20R, 24R 5α(H),14α(H),17α(H)-
Ethylcholestane

5 Hydrocarbon Generating Potentials of Benue Trough Coals 89



References

1. Durand B, Paratte M (1983) Oil potential of coals: a geochemical approach. In: Brooks

J (ed) Petroleum geochemistry and exploration of Europe. Blackwell Scientific Publishing,

Boston, pp 255–265

2. Horsfield B, Yordy KL, Crelling JC (1988) Determining the petroleum generating potential of

coal using organic geochemistry and organic petrology. Org Geochem 13:121–129

3. Hendrix MS, Brassel SC, Carrol AR, Graham SA (1995) Sedimentology, organic geochemis-

try, and petroleum potential of Jurassic coal measures: Tarim, Junggar, and Turpan basins,

northwest China. AAPG Bull 79:929–959

4. Petersen HI (2006) The petroleum generation potential and effective oil window of humic coal

related to coal composition and age. Coal Geol 67:221–248

5. Obaje NG, Wehner H, Abubakar MB, Isah MT (2004) Nasara-I well, Gongola basin (Upper

Benue trough, Nigeria): source-rock evaluation. Petrol Geol 27:191–206

6. Abubakar MB, Dike EFC, Obaje NG, Wehner H, Scheeder G, Jauro A (2008) Petroleum

prospectivity of cretaceous formations in the Gongola basin, upper Benue trough, Nigeria. An

organic geochemical perspective on a migrated oil controversy. Petrol Geol 31:387–408

7. Teerman SC, Hwang RJ (1991) Evaluation of the liquid hydrocarbon potential of coal by

artificial maturation techniques. Org Geochem 17:749–764

8. Obaje NG, Wehner H, Scheeder G, Abubakar MB, Jauro A (2004) Hydrocarbon prospectivity

of Nigeria’s inland basins: from the viewpoint of organic geochemistry and organic petrology.

AAPG Bull 88:325–353

9. Jauro A, Obaje NG, Agho MO, Abubakar MB, Tukur A (2007) Organic geochemistry of

cretaceous Lamza and Chikila coals, upper Benue trough, Nigeria. Fuel 86:520–532

10. Benkhelil J (1989) The origin and evolution of cretaceous Benue trough, Nigeria. Afr Earth Sci

8:251–282

11. Weiss HM, Wilhems A, Mills N, Scotchmer J, Hall PB, Lind K, Brekke T (2000) The

Norwegian industry guide to organic geochemical analyses [online]. Edition 4.0 Norsk

Hydro Statoil, Geolab Nor. SINTEF Petroleum Research and the Norwegian Petroleum

Directorate. http://www.npd.no/engelsk/nigoga/. Accessed 17 Mar 2006

12. Diessel CFK (1992) Coal-bearing depositional systems. Springer, Berlin/Heidelberg, p 721

13. Sykes R, Snowdon LR (2002) Guidelines for assessing the petroleum potential of coaly source

rocks using rock-eval pyrolysis. Org Geochem 33:1441–1455

14. Peters KE, Cassa MR (1994) Applied source rock geochemistry. In: Magoon LB, Dow WG

(eds) The petroleum systems from source to trap, AAPGMemoir 60. AAPG, Tulsa, pp 93–120

15. Hunt JM (1991) Generation of gas and oil from coal and other terrestrial organic matter. Org

Geochem 17:673–680

16. Killops SD, Carlson RMK, Peters KE (2000) High temperature GC evidence for the early

formation of C40+ n-alkanes in coals. Org Geochem 31:589–597

17. Illich HA (1983) Pristane, phytane and lower molecular weight isoprenoid distributions in oils.

AAPG Bull 67:385–393

18. Tegelaar EW, Mathezing RM, Jansen JBH, Horsfield B, De Leeuw JW (1989) Possible origin

of n-alkanes in high wax crude oils. Nature 342:529–531

19. Horsfield B (1997) The bulk composition of first-formed petroleum in source rocks. In: Welte

DH, Horsfield B, Baker DR (eds) Petroleum and basin evolution. Springer, Berlin, pp 335–402

20. Didyk BM, Simoneit BRT, Brassel SC, Eglinton G (1978) Organic geochemical indicators of

paleoenvironmental conditions of sedimentation. Nature 272:216–222

21. Haven HL, de Leeuw JW, Rullkötter J, Sinninghe DJS (1987) Restricted utility of the pristane/

phytane ratio as a paleoenvironmental indicator. Nature 330:641–643

22. Amajiya H, Schwarzbauer J, Littke R (2006) Organic geochemistry of the Lower Suban coal

seam, south Sumatra basin, Indonesia: paleoecological and thermal metamorphism

implications. Org Geochem 37:261–279

90 A. Jauro et al.

http://www.npd.no/engelsk/nigoga/


23. Bray EE, Evans ED (1961) Distribution of n-paraffins as a clue to recognition of source bed.

Geochim Cosmochim Acta 22:2–15

24. Charrié-Duhaut A, Lemoine S, Adam P, Connan J, Albrecht P (2000) Abiotic oxidation of

petroleum bitumens under natural conditions. Org Geochem 31:977–1003

25. Murray AP, Sosrowidjojo IB, Alexander R, Kagi RI, Norgate CM, Summons RE (1997)

Oleananes in oils and sediments: evidence of marine influence during early diagenesis?

Geochim Cosmochim Acta 61:1261–1276

26. Karrer W, Cherbuliez E, Eugster CH (1977) Konstitution und Vorkommen der Organischen

Pflanzenstoffe. Ergänzungsband I., Birkhaüser, Basel, Stuttgart
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Chapter 6

Risk Assessment and Toxic Effects

of Exposure to Nanoparticles Associated

with Natural and Anthropogenic Sources

Atar S. Pipal, Ajay Taneja, and Gautam Jaiswar

Abstract Humans have been exposed to airborne particles, especially to nanoscale

particles, during their developing period, but this exposure has increased enor-

mously over the last century due to anthropogenic sources. This increase is

due mainly to combustion processes where these particles are released to the

environment unintentionally but the rapidly growing field of nanotechnology is

likely to become yet another source for such very small particles. Nanoparticles are

natural products but their tremendous commercial use has encouraged the synthesis

of these fine and ultrafine particles. Accelerated production of these particles may

lead to increased risks to humans and the environment. Therefore, a detailed

understanding of their sources, release interaction with environment and possible

risk would provide a basis for safer use of engineered nanoparticles with minimal or

hazardous impact on environment. Each of these particles carries different blends of

chemicals and therefore poses a different health risk. Keeping all these points in

mind the present work provides up to date information on sources, different types

of interaction with environment and possible strategies for risk management of

nanoparticles. An understanding makes a major contribution to the risk manage-

ment that is needed to ensure that utilization of nanoparticles is made safely, is

exploited to their full potential and disposed off safely.

6.1 Introduction

Airborne nano and microparticles are important for atmospheric chemistry and

physics. It is also important for the biosphere, climate and public health. They

influence the Earth’s energy balance, the hydrological cycle and atmospheric circu-

lation and the abundance of greenhouse and reactive trace gases. Moreover, they
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play important roles in the reproduction of biological organisms and can cause

or enhance diseases such as oxidative stress, hypertension, allergy and asthma.

The primary parameters that determine the environmental and health effects of

aerosol particles are their size, composition and concentration. These parameters,

however, are spatially and temporally highly variable.

Particulate matter (PM) is a complex mixture of natural or geological

particulates, natural soot or carbonaceous matter, and a host of anthropogenic or

man-made particulate matter which includes a plethora of combustion particulate

matter (including from power generation, agriculture burning, transportation,

erosion and wear debris from paints and coatings, fire and pavement wear, other

secondary reaction products and a wide range of biogenic PM). These PM include

nanoparticulates ranging from one to several hundred nanometers in diameter to

primary particulates. Aggregates are categorised and they are defined as ultrafine,

fine and coarse PM as < PM0.1 < PM1 < PM10 [1, 2], whereas very small

particles with size ranging 1–100 nm are called nanoparticles. Nanomaterial

means an insoluble or biopersistent and intentionally manufactured material with

one or more external dimension or an internal structure, on the scale in the range

1–100 nm [3]. According to EU the nanoparticles are defined as a natural, incidental

or manufactured material containing particles, in an unbound state or as an aggre-

gate or as an agglomerate and where, for 50 % or more of the particles in the

number size distribution, one or more external dimensions is in the size range

1–100 nm [4]. It has the ability to enter translocation within and damage living

organisms. This ability results primarily from their small size, which allows them to

percolate psychological barriers and travel within the circulatory systems of a host.

Nanoparticles in the atmosphere may be present due to release directly from a

source (primary emissions) as nanoparticles or formation as a result of reactions in

the atmosphere (secondary emissions). Global pollution is estimated to cause

roughly 40 % of deaths worldwide [5]. While ultrafine or nanoparticles account

for <1 % of general outdoor mass abundance of PM, they account for a significant

fraction (>90 %) of the PM abundance or number concentration [6].

Nanoparticles generally have been demonstrated to be associated with adverse

respiratory health issues in contrast to the larger size PM, where the number

concentrations are smaller while the corresponding mass concentrations are much

greater [7, 8]. The air in different micro-environments already contains varying

concentrations of different kinds of small airborne particles that are regarded as

pollutants. Large scale epidemiological studies confirm the relationship between

exposure to airborne particles and mortality in cardiopulmonary diseases. Increased

attention is directed at airborne nanoparticles in our indoor environments. The

reason for this is the increased application of nanotechnology for new materials

possessing attractivemechanical, electrical, magnetic and optical properties. A large

increase in such materials could, when they are handled, give rise to an increase in

the concentration of nanoparticles in air in different environments. There is concern

that there is a risk of health effects when humans inhale these particles [9–11]

and also causing cardiovascular disease in humans, such as chronic obstructive

pulmonary disease (COPD) and asthma in children and compromised adults
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[12–14]. To identify nanoparticles, exposure scenario that may occur during the

whole life cycle from production to use of manufactured nanomaterials is an

important component of the overall risk characterization and management

programme [15]. The characterizations of nanoparticles in terms of mass and

number concentration, chemical composition, physical and chemical properties

and their sources are necessary to identifying their effects on human health

and environment. Therefore the present article provides information on sources,

different types, interactions with environment, chemical composition and possible

strategies for risk management of nanoparticles.

6.2 Types of Nanoparticles

Figure 6.1 shows the size and scale of nanoparticles and based on dimensionality,

morphology, composition, uniformity and agglomeration, the nanoparticles are

classified into the following categories:

• 1D nanoparticles (nano fibers, rods and carbon nanotubes (CNT))

• 2D nanoparticles (nanocoats and nanofilms)

• 3D nanoparticles such as polycrystals

Fig. 6.1 Length scale showing size of nanomaterials compared to biological component [16]
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• Nanotubes

• Nanowires

• Magnetic nanoparticles (dispersed aerosols, suspension/colloid)

• Engineering nanoparticles

6.3 Sources of Nanoparticles

The composition and mass concentrations of nanoparticles in clean background

areas are strongly affected by long-range transport. During transport and aging,

particles of different originmay change their properties due to coagulation and cloud

processes as well as due to reactions with gases via various heterogeneous pathways

[17]. The origins of these particles can be natural as well as anthropogenic.

6.3.1 Natural Sources

Nanoparticles are abundant in nature, as they are produced in many natural pro-

cesses, including photochemical reactions, volcanic eruptions, forest fires, simple

erosion and by plants and animals, like shedding of skin and hair. Though we

usually associate air pollution with human activity such as automobile industry and

charcoal burning, natural events such as dust storm, volcanic eruption and forest fire

can produce such a quantity of nanoparticulate matter that they profoundly affect

air quality worldwide. The aerosols generated by human activities are estimated to

be about 10 % of the total, the remaining 90 % having a natural origin [18].

6.3.2 Anthropogenic Sources

Humans have created nanoparticles, as they are the by-products of simple combus-

tion (with sizes down to several nm), food cooking, chemical manufacturing,

welding, ore refining and smelting, combustion in vehicle and airplane engines

[19], while engineered nanoparticles are commonly used in cosmetics, sporting

goods, tyres, stain-resistance clothing, sunscreens, toothpastes and food additives.

These nanomaterials and new more deliberately fabricated nanoparticles, such as

carbon nanotubes, constitute a small minority of environmental nanomaterials

[20]. Epidemiological studies conducted on diesel locomotive drivers showed a

correlation between occupational exposures to diesel engine exhaust and incidence

of lung cancer in the workers [21]. Long term exposure to indoor cooking emissions

may pose adverse health effects due to particulate matter inhalation. During

cooking, the level of particulate matter increases more than tenfold compared to

non-cooking hours [22]. In developing countries, approximately half of the world

population and up to 90 % of rural households still used the unprocessed biomass
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fuels such as wood, dung and crop residues for cooking. In the energy ladder, these

biomass fuels which are known as dirtiest fuels lie at the bottom of the energy

ladder. It is also found that about 78 % of Indian population relied upon the biomass

fuels and 3 % on coal for cooking. Moreover, the stoves or chullas which are

used for cooking are not energy efficient and the fuels are not burned completely.

The incomplete combustion of biomass releases complex mixtures of organic

compounds such as particulate matter, carbon monoxide, polyorganic material,

polyaromatic hydrocarbons and formaldehyde. It is estimated that about half a

million women and children die each year from indoor air pollution which are

emitted from biomass fuels used for cooking in India. On comparing these data to

other countries, India has among the largest burden of diseases due to the use of

dirty household fuels and 28 % of all deaths due to indoor air pollution in deve-

loping countries occur in India [23–25].

In many regions of the world, death caused from indoor smoke from solid fuels

is considerable, especially in Asia and Africa. World Health Organization estimates

that more than 50 % of the world population uses solid fuels for cooking and

heating, including biomass fuels [26].

6.4 Nanotoxicology

Human skin, lungs and the gastro-intestinal tract are in constant contact with the

environment. The lungs and the gastro-intestinal tract are more vulnerable while the

skin is generally an effective barrier to foreign substances. These three body parts

are the most likely points of entry for natural or anthropogenic nanoparticles.

Injections and implants are other possible routes of exposure, primarily limited to

engineered materials. The possible adverse health effects associated with inhala-

tion, ingestion, and contact with nanoparticles depend on various factors including

size, aggregation, crystalline and surface fictionalization. Figure 6.2a, b show the

publications in the field of nanomaterials or ultrafine particles and their toxicity.

Fig. 6.2 (a) and (b) Statistics on scientific articles published on (a) nanomaterials and (b) their

toxicity (ISI Web of Science) [16]
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6.5 Characteristics of Particles

6.5.1 Size and Agglomeration

Nanoparticles such as engineered nanoparticles, unintentionally created nanoparticles,

and ambient ultrafine particles are smaller than 100 nm in diameter (Fig. 6.3). Their

physical and chemical characteristics are as varied as the processes that create the

particles [22]. As the particle size becomes smaller, a greater fraction of atoms are at

the surface and quantum effects tend to increase the surface reactivity. At the same

time, nanoparticles have a tendency to agglomerate and form larger structures. Thus,

agglomeration can lead to a reduction in the number of atoms at the surface with a

reduction in surface energy.

6.5.2 Particle Shape

Prior experience with asbestos and other fibrous aerosols indicates that the shape of

the particles (i.e. their length and diameter) has a profound effect on toxicity.

Smaller diameter fibers penetrate deeper into the respiratory tract, while longer

fibers are cleared more slowly [27, 28]. Engineered nanoparticles come in various

Fig. 6.3 Classification of nanostructure materials based on dimensions, morphology, composition,

uniformity and agglomeration state [16]
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shapes such as spheres (e.g. dendrimers), tubes (e.g. single wall carbon nanotubes

(SWCNT) and multi wall carbon nanotubes (MWCNT)), plates (e.g. nanoclay

flakes), fullerenes, and needles. In the human body it seems that the deposition,

fate and toxicity of the particles will be affected by the shape of the particles [29].

6.5.3 Chemical Composition

The chemical composition of particulate matter is an essential information for

assessment of its sources and health effects [26]. The chemical composition of

the surface and the bulk of engineered nanoparticles will affect toxicity (Fig. 6.3).

Surface coatings that modify the agglomeration properties of nanoparticles can also

have biological effects [30, 31]. Experiments using fullerene soot with different

impurities (e.g. metallic endohedral fullerene) indicate that the pulmonary toxicity

response depends on the type of nanomaterials and their impurities [32].

6.6 Importance and Interaction of Nanoparticles

in Environments

The risk associated with exposure to engineered nanomaterials (ENM) will be

determined in part by the environmental processes that control fate, transport

and transformation. The toxicity of environmental nanoparticles (ENP) depends

upon the exposure levels of the nanomaterials during transformation from one

ecosystem to another ecosystem. Atmospheric nanoparticles are of growing interest

to many investigators for two main reasons. First, nanoparticles are important

precursors for the formation of larger particles, which are known to strongly

influence global climate, atmospheric chemistry, visibility, and the regional and

global transport of pollutants and biological nutrients. Second, atmospheric

nanoparticles may play critical roles in the deleterious human health effects

associated with air pollution. In addition to these two well-recognized roles,

nanoparticles may also significantly influence the chemistry of the atmosphere.

Because their composition and reactivity can be quite different from larger

particles, the presence of nanoparticles may open novel chemical transformation

pathways in the atmosphere. There are possibilities that an important role for

nanostructures can be visualized within larger particles, which often contain nano-

scale features such as mineral grain agglomerates, soot spherules, or layer coatings

of sulfates and nitrates. These complex morphological features likely influence a

number of properties. For example, nanostructures probably affect water uptake

via capillary condensation and nanoscale aqueous surface films may provide a

medium for heterogeneous chemistry. In addition, nanoscale active sites on

surfaces may influence particle phase transitions through heterogeneous nucleation.
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However, with a few notable exceptions, the potential roles and implications

in atmospheric chemistry for nanoparticles and nanostructures have not been

quantitatively examined.

6.7 Risk Assessment of Nanoparticles

Research on the effects of particulate matter on human health was initiated in the

1970s [33] and has been strongly developed since then. It indicates that small particles

cause serious problems to human health, contributing to increased mortality and

sickness [34]. The mechanisms underlying these adverse effects are not well under-

stood andmajor questions concerning the species size fraction, chemical composition,

and causative mechanisms leading to the observed health effects remain [35]. This is

partly due to results from epidemiological surveys showing that there is a correlation

between the mass concentration of particles and mortality and hospitalization

[36]. From a health perspective, the size of the particles is important as it affects

their ability to penetrate into the lungs and cause adverse health effects. The larger

particles (e.g. those greater than 10 μ) tend to settle in the nose and mouth and are

unlikely to pose a health risk [37]. However, ultrafine particles (i.e. diameters less than

0.1 μm) are considered especially detrimental to human health, since these particles

can be inhaled and deposited deep in the alveoli of human lungs [38]. It has been

increasingly recognized through epidemiological investigations that particulatematter

in agricultural air contributes to the progression and exacerbation of respiratory

diseases (such as asthma and other ailments), and in urban air leads to an increase in

morbidity and mortality from respiratory and cardiac conditions [39]. Children’s

susceptibility to health problems as a result of exposure to air pollution is of concern.

Children may receive an increased dose of particulate matter to their lungs compared

to adults [40]. Moreover, PM has been linked to cancer and premature death [41].

Nanoparticles have been reported to potentially induce adverse health effects

[6, 42, 43] and the need for thorough risk assessment has been identified

[44]. The risk of nanoparticles is not only a function of their potential hazard, but

also of exposure thereto. Assessing the exposure to the nanoparticles at workplaces

during nanoparticles production is therefore one important step towards a sustai-

nable nanotechnology [45].

A health risk assessment has to consider data from various lines of evidence

(e.g. human epidemiological and clinical studies, experimental animal and in vitro

studies, in silico studies) and integrate these into a cohesive evaluation. It is

furthermore essential to have relevant information on exposure. A risk can then

be deduced from exposure data together with the hazard assessment. Needless to

say, the assessment becomes more reliable when more relevant information

is available. Data on assessment of human exposure to ENPs are very sparse.

However, there is at present very little reason to expect that the general public is

exposed to any significant amounts of air-borne ENPs, although ENPs are present in

certain consumer products. It is more likely that occupational exposures can be a

factor in at least some settings.
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6.8 Conclusions

The aim of the present article is to provide updated information on physico-chemical

properties, sources and risk assessment of atmospheric nanoparticles. Apart from

this information it also provides a survey of what is currently known about

nanoparticles in the atmosphere, especially in terms of their formation and growth,

number concentrations and chemical composition, and chemical, physical, and

mechanical properties. Although combustion process in microenvironments is

an important source of nanoparticles, the production of nanoparticles may cause

hazardous biological effects. Therefore, detailed understanding of their sources,

release interaction with environment and possible risk assessment would provide a

basis for safer use of engineered nanoparticles with minimal or hazardous impact on

environment. Uncertainties in conventional quantitative risk assessment typically

relate to values of parameters in riskmodels. For many environmental contaminants,

there is a lack of sufficient information about multiple components of the risk

assessment framework. In such cases, the use of default assumptions and extrapo-

lations to fill in the data gaps is a common practice. Nanoparticles risks, however,

pose a new form of risk assessment challenge. Besides a lack of data, there is deep

scientific uncertainty regarding every aspect of the risk assessment framework:

(a) particle characteristics that may affect toxicity; (b) their fate and transport

through the environment; (c) the routes of exposure and the metrics by which

exposure ought to be measured; (d) the mechanisms of translocation to different

parts of the body; and (e) the mechanisms of toxicity and disease. In each of these

areas, there are multiple and competing models and hypotheses. These are not

merely parametric uncertainties but uncertainties about the choice of the causal

mechanisms themselves and the proper model variables to be used, i.e. structural

uncertainties.

The present state of knowledge is unsatisfactory for a proper risk assessment of

nanoparticles and improvements of the study qualities as well as an increased

number of relevant studies are strongly recommended.
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Chapter 7

Immunomodulatory Activity of Phenolic

Fraction from Piper Borbonense and Cassytha
Filiformis Growing in Comoros Islands

Said H. Soidrou, Dalila Bousta, Mohammed Lachkar, Said O.S. Hassane,

Amal El Youbi-Hamsas, Latifa El Mansouri, Jamal Benjilali,

Hanane El-Hajaji, and Abdellah Farah

Abstract Cassytha filiformis L. and Piper borbonense C. DC. are used as ethnical

medicine for diverse diseases in Comoros islands. This study aims to evaluate the

potential immunomodulator properties ex-vivo of the phenolic fraction provided of

the methanol extract of these plants by flow cytometer. The results highlighted an

immunosuppressive effect on lymphocyte subpopulations for all doses

administered intraperitoneally (i.p.) compared to the control group. The most

immunosuppressive activity was observed at doses of 25 and 100 mg/kg

b.w. respectively for Cassytha filiformis and Piper borbonense. However, an

interesting immunostimulant activity was noted on monocytes for all doses and

on granulocytes for doses of 50 and 100 mg/kg b.w. in treated group with Cassytha
filiformis. The same result was observed for P. borbonense on granulocytes for all

doses. This immunostimulant effect observed on granulocytes can suggest a possi-

ble anti-inflammatory potency of these plants and an eventual use of these plants in

the treatment of inflammatory symptoms diseases.
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7.1 Introduction

Utilization of natural products for their therapeutic properties is as old as human

civilization. Approximately 80 % of the world’s population uses plants for their

primary care [1]. Many of these natural products have been shown to present interest-

ing biological and pharmacological activities and are used as chemotherapeutic agents

or serve to the development ofmodernmedicines [2, 3]. Plants are recognized for their

ability to produce a wealth of secondary metabolites and mankind has used many

species for centuries to treat a variety of diseases [4]. Many natural plant products and

synthetic compounds are known for their capacity to modulate immune responses

[5–9]. Immune system plays a vital role as the main line of defense. Further, its

efficiency and integrity are important in chemotherapeutic interventions for treatment

ofmany diseases [10].However, various diseaseswhichwe are confronted daily affect

and weaken our immune system. In order to reduce inflammatory response and

damage induced to the human body, many efforts have been made in looking for

natural immunomodulatory products [11].

In Comoros, traditional medicine is considered as an integral part of ancient

traditions and is passed down orally from generation to generation. There is very

little written information on the traditional plants used in this folk medicine [12].

As part of our work on upgrading and diversifying the use of medicinal plants used

in Comoros, we are interested in Cassytha filiformis and Piper borbonense plants

known locally as “Irundakanga” and “Gwe la rambuwu msiru” respectively.

C. filiformis is used for several diseases. In the Indian Ocean, it is considered as

one of the 215 plants most used in folkloric medicine [13]. In Comoros, it is largely

used for dermal problems especially for treatment of scabies [14]. Our ethnobotan-

ical investigation showed the use of this plant to treat inflammation and diarrhea. In

Nigeria, this plant is used to treat diabetes, ulcers, venereal discharge, hemorrhoids

and cough [15–18]. It is also used in Polynesia against cancers [19].

Twigs of P. borbonense are largely used to treat the tooth diseases in Comoros.

The leaves are used against diseases like diabetes, malaria, intestinal worms,

and diarrhea. P. borbonense was less studied. In Reunion island, it is used as

antidiarrheic and diuretic [20].

Supported by the INCO-FP7 MAP2ERA project, this work aims to investigate

the phytochemical screening and dosage of phenolic and flavonoids compounds.

In the present work, we have evaluated the immunomodulatory effects of phenolic

fraction from Cassytha filiformis and Piper borbonense in rats.

7.2 Methodology

7.2.1 Plant Material

Aerial part of C. filiformis from Mbeni Hamahamet (N/E of Ngazidja) and twigs of

P. borbonense were collected from Hantsongoma forest (950 m altitude, Oichili
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province, NE of Ngazidja, Comoros) in September 2009 and identified by Professor

Jean-Noël LABAT from Musée National d’Histoire Naturelle (Paris, France).

Voucher specimens were deposited in the Herbarium of Botany Department of

the Faculty of Science and Technology, University of Comoros.

7.2.2 Extract Preparation

Dried and ground leaves of plants materials were successively extracted with

hexane, ethyl acetate, dichloromethane and methanol in soxhlet. Phenolic fraction

was obtained using method described by Maiza-Benabdesselam et al. [21] with

minor modifications. Methanol extract was concentrated and recovered by an

aqueous solution of 5 % HCl, and then filtered. The residue was dried and stored

for different tests.

7.2.3 Phytochemical Screening

Flavonoids, tannins, alkaloids, saponosids and total phenolic constituents were

determined according to the work of Hajaji et al. [22]. Total flavonoids contents

were determined by spectrophotometry using method described in the work of

Salem with some modifications [23].

7.2.4 Animals

Male Wistar rats (100–150 g) were obtained from ECWP (Emirates Center for

Wildlife Propagation, Missour, Morocco). They were kept in well-ventilated envi-

ronment and had a free access to water and food ad libitum and were housed in a

quiet room under a “12-h light: 12-h dark” cycle for 2weeks before experimentation.

7.2.5 Flow Cytometer

The animals were anesthetized by “i.p.” with sodium pentobarbital at the dose of

30 mg/kg, 24 h after treatment with the phenolic fraction of C. filiformis and

P. borbonense. The blood was collected in heparinized tubes, and then subjected

to analysis by FCM (flow cytometer Epics-XL MCL type). FCM was used to

evaluate the proportion of leukocyte sub-populations. This is based on cell mor-

phology, size and structure.
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7.2.6 Statistical Analysis

Data were expressed as the mean � SEM. Comparisons of means were performed

by using the student t-test. The level of statistical significance was set at p < 0.05.

7.3 Results and Discussion

7.3.1 Phytochemical Screening

As shown in Table 7.1, phytochemical screening of residue of C. filiformis and

P. borbonense revealed the presence of flavonoids and tannins in both plants.

However, alkaloids and saponosids were not detected. The total phenolic content

(mg/l) was determined from regression calibration curve (y ¼ 0.0005x + 0.131;

R2: 0.9392) and expressed in gallic acid equivalent (GAE). The result was calcu-

lated and found to be 142 and 34 mg/l GAE respectively for C. filiformis and

P. borbonense.
The total flavonoids content was also determined from regression calibration

curve (y ¼ 0.0224x + 0.6183; R2 ¼ 0.86) and expressed in quercetin equivalent

(QE). The results calculated were 59 and 80 mg/l QE respectively for C. filiformis
and P. borbonense.

Presence of flavonoids in C. filiformis was confirmed by Tsai et al. [24], but

the major chemical family characterized in this plant was alkaloids aporphins

[16, 24, 25].

However no phytochemical description was found in the literature about

P. borbonense.

7.3.2 Immunomodulatory Effect

The immunomodulatory effect of extract was studied by evaluation of relative

percent of leukocyte subpopulations in flow cytometer. We noted an immunosup-

pressive effect of lymphocytes subpopulation at all doses tested of C. filiformis and
P. borbonense.

For C. filiformis, the dose of 25 mg/kg b.w. (9.12 %) was the most active

compared to the other doses (p < 0.001). Further a significant difference was

observed when we compare this dose and the group treated by prednisolone

Table 7.1 Phytochemical screening of phenolic fraction of C. filiformis and P. borbonense

Alkaloids Flavonoids Saponosids Tannins

C. filiformis – + – ++

P. borbonense – ++ – +

108 S.H. Soidrou et al.



(6.23 %; p < 0.001). However we noted a significant enhancement of monocytes

and granulocytes sub-populations percent at doses of 50 and 100 mg/kg

b.w. compared to control and to the prednisolone groups (Fig. 7.1).

P. borbonense showed also an immunosuppressive activity on lymphocytes

sub-population. Two doses were tested and 100 mg/kg was more immunosuppres-

sive on lymphocytes and monocytes subpopulations. However, the results showed

an immunostimulant effect on granulocytes percent for 50 and 100 mg/kg b.w.

(Fig. 7.2). Thus, a probable anti-inflammatory effect of phenolic fraction of

C. filiformis and P. borbonense could be suggested.
The immunosuppressive activity shown in this study could be related to the

effect of flavonoids that was earlier demonstrated. In this context, genistein, an

isoflavon isolated from Genista tinctoria showed a potential inhibition of T

lymphocytes proliferation, IL-2 synthesis and IL-2 receptor expression [26].

Baicalein, another flavonoid, inhibited the growth of T-lymphoid leukemia cells

and reduced the Protein Kinase C activity [27]. The work of Li et al. [28]

demonstrated a significant suppressive effect on human neutrophil chemotaxis,

mitogen-induced lymphocyte transformation, mixed lymphocyte culture, NK cell

Fig. 7.1 Effect of phenolic fraction of C. filiformis in leukocytes subpopulations of rats

(a) Lymphocytes; (b) Monocytes; (c) Granulocytes. Values are expressed as mean � SEM;

n ¼ 10 for each group (*p < 0.05; **p < 0.01; ***p < 0.001)
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cytotoxic activity, and IL-2 synthesis by Baohuoside-1 (3,5,7-trihydroxy-

40-methoxy-8-prenylflavone-3-O-α-L-rhamnopyranoside). Other works noted that

eupalitin-3-O-β-D-galactopyranoside, flavonoid extracted from Boerhaavia diffusa,
blocked the activation of DNA binding of nuclear factor-κB and AP-1, two major

transcription factors centrally involved in expression of the IL-2 and IL-2R gene,

which are necessary for T cell activation and proliferation [29]. It is described also by

Chang et al. [30] that centaurein and centaureidin, both flavonoids isolated from

Bidens pilosa, induced cell death on T cells. Implication of tannins in immunosup-

pressive activity was discussed. In this sense, methyl gallate, tannin compounds

isolated from Acacia nilotica, showed an immunosuppressive activity [31].

However reaction between various compounds of our extracts would also explain

this immunomodulatory dose-dependent effect. In this study, the most immunosup-

pressive activity was manifested by the highest dose forP. borbonense. The increase
in the dose of P. borbonense enhances probably the quantity of tannins in extract

and also the immunosuppressive activity on lymphocytes subpopulation. In this

regard, the quantity of flavonoids was also increased and their ability to stimulate

Fig. 7.2 Effect of phenolic fraction of P. borbonense in leukocytes subpopulations of rats

(a) Lymphocytes; (b) Monocytes; (c) Granulocytes. Values are expressed as Mean � SEM;

n ¼ 10 for each group (*p < 0.05; **p < 0.01; ***p < 0.001)
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other immune cellular subpopulations is noted (granulocytes case). However for

C. filiformis, the highest immunosuppressive activity on lymphocytes is noted after

administration of low doses. This same dose of C. filiformis increased also the

quantity of flavonoids and thus induced an immunostimulating effect on granulo-

cytes subpopulation.

7.4 Conclusions

Phytochemical screening of C. filiformis and P. borbonense extracts revealed the

presence of flavonoids and tannins. The results demonstrated a potential immuno-

suppressive effect on percent of lymphocytes sub-population. They also revealed an

immunostimulant effect of high doses especially on granulocytes. This work

suggests that these plants could be used as a source of diverse bioactive compounds

and that it is necessary to identify and isolate the compounds that are responsible for

the immunomodulatory properties.
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Chapter 8

Need for Smoking Cessation Support

for Better Health of Employees

Marie Chan Sun, Jevisha Erriah, and Deerajen Ramasawmy

Abstract Tobacco is a silent killer, with more than 400 poisonous chemical

substances. The use of tobacco is driven by dependence on nicotine, the primary

addictive substance in tobacco. Smoking in the workplace has adverse effects on

both the employee health and productivity. Hence, it is important to raise awareness

on the need to quit smoking. The objectives of the study were to determine the

intention to quit smoking and cessation attempts among employees of an educa-

tional institution, to assess the association between level of dependence and the

Trans-Theoretical Model of Change and to identify the smoking cessation facilities

available in Mauritius. This study had a mixed approach. In the quantitative part,

smokers were recruited using a convenience sampling. The inclusion criteria were

employees who were current smokers. A validated questionnaire adapted from

the Global Adult Tobacco Survey questionnaire was used. The qualitative part

evaluated the facilities available at the Smoking Cessation Clinics set up in

Mauritius. The findings showed that 81 % of the participants intended to quit

smoking and most of them planned to quit within the next month. Three major

obstacles to relapse were identified. Awareness of smoking cessation techniques

was low but willingness to use nicotine replacement therapy and other support

therapy was high. This study highlighted the need to implement free smoking

cessation programs on work premises to cater for the needs of employees so that

they stop inhaling poisonous chemical substances which jeopardize the health and

future of employees.
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8.1 Introduction

Tobacco, scientifically known as “Nicotiana tobacum”, is the only legal consumer

product that can harm everyone exposed to it mainly in the form of cigarettes [1,

2]. Tobacco smoking has been described as “a global problem with serious

consequences for public health” [3] consisting of over 4,000 chemicals among

which 300 are poisonous products and more than 50 are cancer-causing products [4,

5]. Despite the fact that many countries have imposed restrictions on its use, the

tobacco epidemic is still one of the biggest public health threats the world has ever

faced [6]. There are practically six million deaths each year due to tobacco with a

high prevalence of mortality mostly in low- and middle-income countries

[6]. Global consumption of cigarettes is expanding with over 150 billion of

cigarettes smoked worldwide every day [7]. Trends in smoking prevalence vary

among countries but the prevalence of tobacco use among males is higher than

among females [8]. The biggest rise in tobacco-related diseases is expected in

China, where an estimated two to three million deaths will occur by 2020 [9]

while in the African Region (AFRO) the highest increase in the rate of tobacco-

related diseases is being experienced with a 4.3 % increase per year [10]. According

to a study done in 14 countries, the highest rate in the prevalence of smokers was

found to be in Bangladesh with 43 %, followed by Russian Federation at 39 % and

India at 35 % in the period 2008–2010 [6].

According to the Non-Communicable Diseases survey carried out by the Minis-

try of Health and Quality of Life (MoHQL) of Mauritius, the prevalence of smoking

was estimated to be 21.7 % in 2009 with 3.7 % in women and 40.3 % in men; this

prevalence is among the highest in Africa. Moreover, the prevalence of smoking

was highest in the younger age groups with over 50 % of men aged between 19 and

24 years; smoking decreased with age in both men and women. Considering the

general trend over the 22-year period 1987–2009, the prevalence of smoking

decreased from 30.7 % in 1987 to 18.0 % in 2004, but increased to 21.9 % in

2009. Paying particular attention to the data with respect to men, it is observed that

the smoking prevalence among men experienced a fall from 1987 (57.9 %) to 2004

(35.9 %), but increased to 40.3 % in 2009 [11]. The wide range of serious tobacco-

related health problems has been extensively reviewed [5, 12–16].

In view of its commitment towards controlling and reducing tobacco-related

mortality and morbidity, Mauritius ratified in May 2004 the World Health Organi-

zation (WHO) Framework Convention on Tobacco Control (FCTC) which is the

world’s first public health treaty [3]. Since then, Mauritius has taken vital steps to

fulfill its obligations under the FCTC. In 2007, the Mauritian government, in

collaboration with the WHO and several other stakeholders, developed a National

Action Plan on Tobacco Control 2008–2012 and revised the 1999 policies

[17]. Regulations passed under the sections 193 and 194 of the Public Health Act

2008 have resulted in indoor public places, public transport, and workplaces being

declared non-smoking areas. This represents a major step towards protection of

non-smokers from second-hand smoke. Moreover, access to tobacco products is
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limited by restricting the sale of cigarettes to packs of 20, controlling packaging,

imposing health warnings with at least 65 % of the display area on each side of

cigarette packs, increasing tobacco taxes, enforcing minor access laws and reducing

exposure to tobacco advertising and promotion [17]. In fact, Mauritius became the

first African country to enforce mandatory picture warnings on cigarette packs in

2008 [6] and has become a world leader for tobacco control in Africa [18]. Penalties

have also been implemented to those who contravene these regulations. These

range from a fine not exceeding Rs 10,000 to an imprisonment up to 12 months.

In spite of these measures, the control of tobacco consumption is still a major public

health challenge due to growing burden of non-communicable diseases accounting

for about 1,000 deaths (out of a total population of 1.2 million) from tobacco-

related diseases every year [17]. Only cessation has been shown to lead to a

considerable reduction in deaths due to tobacco in the coming three and four

decades [6, 19]. In this respect, a smoking cessation clinic comprising of psycho-

therapy and counseling services was set up on a pilot basis in December 2008 at the

Odette Leal Community Health centre at Beau-Bassin.

In order to promote smoking cessation and achieve an overall decline in smoking

prevalence, workplaces should be one of the many targeted environments

[20]. Indeed, the workplace is one important venue for tobacco control because

smoking harms employees’ health [21] and these costs are borne by employers

[22]. Basically, smoking contributes to absenteeism and a decline in economic

productivity; smokers, on average, miss 6.16 days of work per year due to sickness

including smoking-related acute and chronic conditions, compared to non-smokers,

who miss only 3.86 days of work per year [23]. In addition to harming the smoker’s

health, it is a long-known fact that passive smoking affects non-smokers [24].

Second-hand smoke has been classified as a potential cancer-causing agent [25]

and thus the prevention to its exposure at work is needed in health and safety

legislation. Nevertheless, smoke-free workplace policies lead to less smoking

among workers and the elimination of second-hand smoke exposure, thus creating

a healthier workforce, whereas smoking restrictions, which permit smoking areas or

provide separately ventilated sections, are not effective at all in preventing or

eliminating exposure to second-hand smoke [16]. Yet, implementing smoking

legislations are not adequate and it has been revealed that providing cessation

assistance greatly increases quit rates [26].

Moreover, the readiness of the smoker to stop smoking plays an important role as

is demonstrated by Prochaska and Velicer [27] in the Trans-Theoretical Model of

Behaviour Change which assesses an individual’s readiness to act on a healthy

behaviour. This model puts forward that health behaviour change involves progress

through six stages of change: (1) Precontemplation (Not Ready) – “People are not

intending to take action in the foreseeable future, and can be unaware that their

behaviour is problematic”; (2) Contemplation (Getting Ready) – “People are

beginning to recognize that their behaviour is problematic, and start to look at

the pros and cons of their continued actions”; (3) Preparation (Ready) – “People are

intending to take action in the immediate future, and may begin taking small

steps toward behaviour change”; (4) Action – “People have made specific overt
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modifications in modifying their problem behaviour or in acquiring new healthy

behaviours”; (5) Maintenance – “People have been able to sustain action for a while

and are working to prevent relapse”; and (6) Termination – “Individuals have zero

temptation and they are sure they will not return to their old unhealthy habit as a

way of coping”. In addition, the researchers conceptualized “relapse” (recycling)

which is not a stage in itself but rather the “return from Action or Maintenance to an

earlier stage”.

Taking into consideration the Trans-Theoretical Model of Behaviour Change,

this study was designed with the following objectives: To determine the intention to

quit smoking and cessation attempts among employees of an educational institu-

tion, to assess the association between Nicotine Dependence (ND) and the Trans-

Theoretical Model of Behaviour Change (TTM) and to identify the smoking

cessation facilities available in Mauritius.

8.2 Methodology

It is a mixed approach project involving both qualitative and quantitative methods.

8.2.1 Quantitative

Sample Population

This questionnaire-based study was carried out in a workplace setting which

comprised of 1,009 employees. Participants were recruited by convenience sam-

pling method based on their willingness to participate in the study, as participation

was entirely voluntary. Employees who were current smokers, either daily or

occasional smokers, either male or female, were included in the study. The mini-

mum sample size targeted was 50.

Survey Instrument

A validated questionnaire adapted from the Global Adult Tobacco Survey ques-

tionnaire was used. The questionnaire which required about 15 min for completion

comprised of six sections with mainly close-ended questions. In the first section,

background information pertaining to the gender, age, current occupation and

current monthly household income of the participant were collected. The second

section inquired about the tobacco smoking behaviour whereas the third and fourth

sections inquired about exposure to second-hand smoke and intention in quitting

tobacco smoking respectively. Finally, the fifth and sixth sections dealt with

tobacco cessation and the awareness of tobacco cessation techniques.
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Measures

Stage of change with respect to the TTM
Response of participants was classified as follows:

1. “Plan to quit within the next month” – preparation stage

2. “Intend to quit in the next 6 months” – contemplation stage

3. “Intend to quit some day but not in the next 6 months” – precontemplation stage

Fagerstrom Test for Nicotine Dependence (FTND)
FTND has six items which provide a total score ranging between 0 and 10, with

higher scores reflecting greater dependence. There are three yes/no items, each item

is given a score of 0 (No) or 1 (Yes). There are two multiple-choice items, each item

can have a score between 0 and 3, and one having two options (score of 0 or 1).

FTND score was classified in three stages, low dependence (0–4), medium depen-

dence (5) and high dependence (6–10).

Ethical Considerations

Ethical clearance from the University of Mauritius Research Ethics Committee and

authorization to carry out the survey were obtained in November 2011. All participants

were offered a brochure provided by the MoHQL and were counselled about the

Smoking Cessation Clinic situated in Beau-Bassin. The brochure outlined the preva-

lence of smoking in Mauritius, the harmful and poisonous chemicals and substances

contained in tobacco smoke and sensitized about the health effects of smoking, passive

smoking, benefits of smoking cessation, and tips on how to quit smoking. Anonymity

was respected by allocating a code number to each questionnaire, whereby the list of

identification numbers was known by only one investigator.

Data Collection and Analysis

The survey was carried out from January 2012 to February 2012. Before filling the

questionnaire, the participants were provided a participant information sheet,

explaining the aim and nature of the study and ensuring that all personal data

would be kept strictly confidential. After the participants have read the information

sheet and understood all the implications involved, they were required along with

the investigator to sign the participation consent form prior to the filling of the

questionnaire.

The data collected from the questionnaires were recorded and analysed using

the software IBM SPSS (Statistical Package for the Social Sciences) Statistics 20.0.

Results were exported on Microsoft Excel (Office 2007) to generate tables. The

Chi-square test at 5 % level of significance was used to evaluate relationships

between categorical variables.
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8.2.2 Qualitative

Study Design

This is a descriptive study to identify the facilities available in the seven smoking

cessation clinics in Mauritius.

Data Collection and Processing

The qualitative phase of the study was conducted in March 2012. Data were

obtained from each smoking cessation clinic which comprised of the operational

date, working hours, smoking cessation strategies and the number of new cases and

follow-up.

8.3 Results

8.3.1 Quantitative

Sample Characteristics

Sixty-three volunteers participated in the survey. The profile of the participants is

summarised in Table 8.1.

Intention to Quit Smoking and Cessation Attempts

Among the 63 smokers who participated in the study, 81 % representing 51 smokers

wanted to quit smoking at the time of the survey. Data obtained are summarized in

Table 8.2.

Most of the respondents had the intention to quit and 71.4 % of the participants

have previously attempted to quit smoking with the highest frequency of cessation

attempts being one or two. The highest proportion (23.9 %) relapsed after an

abstinence period of less than 1 day and had recourse to no special therapy in

their attempts to stop smoking. The main reason for cessation was to improve health

and physical fitness while “other people smoking around” was the main ground for

relapse (Table 8.2).

Craving to smoke was reported by 41.3 % of participants as the reason for

relapse. While withdrawal symptoms were reported by many participants, 8.7 %

reported the absence of support for smoking cessation. These findings demonstrate

the need to provide smoking cessation support.
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Tobacco Cessation Techniques

Awareness and willingness to use NRT (Nicotine Replacement Therapy) was

greater than medications such as bupropion. However, many respondents would

be agreeable to take the help of a telephone quit line, counselling and an internet

quit line if ever they decide to quit smoking one day as detailed in Table 8.3.

Association Between ND and TTM

The FTND score of the participants varied from 0 to 9. Participants who had low ND

were mostly in the preparation stage, as shown in Table 8.4. There was no statistically

significant relationship (p-value being 0.860) between level of ND and TTM.

Table 8.1 Characteristics of the sample population (n ¼ 63)

Participant characteristics Percentage (%)

Gender

Male 98.4

Female 1.6

Age group (years)

20–30 11.0

31–40 30.2

41–50 30.2

51–60 28.6

Current occupation

Administrative and secretarial staff 49.2

Professionals 7.9

Service workers 15.9

Skilled agricultural, forestry & fishery workers 27.0

Current monthly household income

<Rs 10,000 25.4

Rs 10,000–Rs 25,000 52.4

>Rs 25,000 22.2

Smoking status

Daily smoker 79.4

Occasional smoker 6.4

Occasional smoker, formerly daily 7.9

Occasional smoker, never daily 6.3

Number of cigarettes per day

�10 52.3

11–20 25.4

21–30 17.5

�31 4.8
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Table 8.2 Summary of data obtained for intention to quit smoking and cessation attempts

Variable Percentage (%)

Want to quit smoking cigarettes now 81.0

Tried to stop cigarettes during the past year 71.4

Number of cessation attempts (times)

1–2 65.2

3–5 23.9

6–9 2.2

�10 8.7

Duration of cessation attempts

Less than a day 23.9

1–2 days 15.2

3–7 days 21.7

More than 7 days but less than 30 days 13.0

More than 30 days but less than 6 months 13.0

More than 6 months but less than a year 13.0

Do you think that was a successful attempt?

Yes 67.4

No 32.6

Quitting method useda

No special therapy 71.7

Use self-help smoking cessation booklets 19.6

Used nicotine replacement therapy (nicotine patch/gum) 13.0

Seek help from healthcare professionals 6.5

Joined smoking cessation program 2.2

Used support group therapy –

Process used to quit smoking during longest quit attempt

Abrupt cessation 60.9

Gradually reduced the amount of cigarettes smoked & tried

to stop smoking

39.1

Reasons for cessationa

To improve my health and physical fitness 54.3

To save money 50.0

The fear of a future smoking-related disease 45.7

As a self-achievement 41.3

People around me did not approve of it 21.7

To avoid causing troubles at workplace 21.7

The new anti-smoking laws 13.0

I was tired of smoking 8.7

I have been encouraged by a doctor 8.7

Reasons for relapse
a

Other people smoking around 54.3

Habitual smoking 43.5

Craving to smoke 41.3

Under pressure/stress 26.1

Depressed mood 19.6

(continued)
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8.3.2 Smoking Cessation Clinics in Mauritius:
A Qualitative Insight

Background

In Mauritius, seven smoking cessation clinics have been set up to provide free and

high-quality assistance to smokers willing to quit smoking cigarettes. Initially, only

one smoking cessation clinic was implemented on a pilot basis in 2008 at the Odette

Leal Community Health Centre at Beau-Bassin. The aim was to reduce the preva-

lence of tobacco use and tobacco-related illnesses especially NCDs. As part of the

WHO initiative, there has been extension of smoking cessation clinics in the five

regional hospitals and recently, in February 2012, one was launched at Souillac

Hospital. Patients at the smoking cessation clinics include smokers who either come

on their own, are referred by doctors in the public sectors usually in the outpatient

department (OPD) or are referred by private doctors. From 2008 to 2012, a total of

377 new cases were recorded in all the seven smoking cessation clinics, among

which 328 were males and 49 were females (Table 8.5).

Table 8.2 (continued)

Variable Percentage (%)

Restlessness 13.0

Difficulty in concentrating 13.0

Anxiety 13.0

Insomnia 10.9

Increased appetite 8.7

No support/encouragement 8.7

Irritability/Frustration/Anger 7.9
aMultiple answers apply

Table 8.3 Awareness and willingness to use tobacco cessation techniques

Tobacco cessation technique Percentage (%)

Awareness

Nicotine Replacement Therapy (NRT) 33.3

Medication such as bupropion 14.3

Willing to use if ever you decide to stop smoking
a

Counselling 61.9

NRT 20.6

Medications 4.8

Telephone quit lines 60.3

Internet quit lines 60.3
aMultiple answers apply
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Infrastructure and Human Resources

Each smoking cessation clinic consists of an information desk where general

information regarding the services can be obtained and where appointments are

scheduled. It also comprises of a spacious consultation room especially designed

for comfort and convenience. Moreover, a pharmacy is available to cater patients

on pharmacotherapy with medications and a record office where patients’ files are

kept confidentially. Hence, each smoking cessation clinic comprises of a physician,

a record clerk, an attendant and a pharmacist.

Smoking Cessation Intervention Strategies

The services provided by the public Smoking Cessation Clinics include preliminary

assessment, counselling on quitting smoking, pharmacotherapy and follow-up.

In the preliminary assessment also known as brief intervention, the socio-

demographic data, the smoking status and the past medical history are recorded.

Then, the nicotine dependence of smokers is calculated using FTND score. The

vital signs including the blood pressure, pulse, height, weight and body mass index

(BMI) are also measured. Counselling includes guidance on physiological and

psychological adaptation, behavioural and lifestyle modification. The motivation

and compliance of quitting smoking and the need of pharmacotherapy are assessed

by counsellors. They also provide information about the treatment that will be

offered. Counselling usually lasts for around 20–30 min. Previously counselling

Table 8.5 Facilities available and the distribution of the new cases in the seven smoking cessation

clinics in Mauritius

Smoking

cessation clinic

Open

since

Working

hours

Smoking

cessation

services

New cases up to March

2012

Male Female Total

Odette Leal commu-

nity health centre

Dec 2008 Wed Counselling 174 37 211

13.00–16.00 Pharmacotherapy

SSRN hospital Oct 2011 Sat Counselling 18 – 18

09.00–12.00 Pharmacotherapy

Victoria hospital Nov 2011 Sat Counselling 34 8 42

09.00–12.00 Pharmacotherapy

Jawaharlal Nehru

hospital

Nov 2011 Wed Counselling 17 1 18

13.00–15.30 Pharmacotherapy

Dr A.G Jeetoo hospital Dec 2011 Thur Counselling 24 3 27

13.00–16.00 Pharmacotherapy

Flacq hospital Dec 2011 Sat Counselling 57 – 57

09.00–12.00 Pharmacotherapy

Souillac hospital Feb 2012 Thur Only counselling 4 – 4

13.00–16.00

Total 328 49 377
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was done by psychologists but since last year, counsellors include nursing staff and

doctors trained by experts of the WHO in a 3 days’ workshop. Pharmacotherapy

includes medications such as bupropion hydrochloride tablets (Zyban) and nicotine

replacement products which include nicotine patches (Nicorette) and nicotine

gums. Nicotine patches of 5, 10 and 15 mg doses, nicotine gums of 2 mg and

Zyban of 150 mg are all available. Nonetheless, a revised version of the protocol for

the smoking cessation intervention strategies for a better management will soon be

available. A follow-up is done every 2 weeks so as to prevent relapses.

8.4 Discussion

8.4.1 Quantitative

Intention to Quit Smoking, Cessation Attempts and Tobacco

Cessation Techniques

This study revealed that smokers had a high degree of readiness to quit smoking.

This is higher than the findings of Griffiths et al. [28] which showed that 70 %

(vs. 81 %) of smokers in a UK employee population expressed a desire to quit.

Findings on motivational variables for cessation were consistent with other studies

[29–31], which showed that the major reason for cessation was to improve health

and physical fitness. This was closely followed by “to save money” and “fear of

future smoking-related diseases”. The observed results could be attributed to the

implementation of pictorial warnings on packs of cigarettes, increasing awareness

on the ill-effects of smoking. In fact, it has been revealed that for the majority of

Mauritian smokers (55 %), the introduction of pictorial warnings has raised

smokers’ awareness of the health risks of smoking, and has made an increased

contribution to leading smokers to think about quitting [18].

One key finding of this study is that more than half of the participants (52.4 %)

had recourse to no special therapy in their attempts to stop smoking. This is slightly

lower than Shiffman et al. findings which showed that 64.2 % tried to quit without

the use of any cessation treatments [32]. This might be an explanation for the failure

of the smokers to successfully quit smoking. International studies of adult smokers

showed that a greater number of quit attempts was associated with an intention to

quit smoking [33–36] and smokers may need to have recourse to as many as 12–14

quit attempts on average before being successful [37]. However, in this study, the

highest frequency was one to two attempts. Therefore, it is imperative to motivate

these smokers to quit and encourage them to initiate attempts.

This study, which revealed that the main reason for relapse was “other people

smoking around”, was in line with several other studies [38–43]. However, it was in

contrast with the findings of the Wisconsin Tobacco Survey [44] and those of

Norregaard et al. [45], whereby “craving for cigarette” was the number one barrier
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to relapse. Nonetheless, in this study, 43.5 % acknowledged that “habitual smoking”

influences relapse and 41.3 % claimed that “craving for a cigarette” was the reason of

their relapse. Undoubtedly, stress, weight gain, depression during attempts to quit

smoking increased the likelihood of relapse [46–48]. This was concordant with results

from this studywhere significant number of respondents reported these reasons aswell

as other obstacles to relapse. Hence, eliminating barriers to quitting will help more

smokers achieve their goal of becoming tobacco-free.

Although pharmacotherapy interventions have been proven to provide therapeu-

tic effects in assisting smokers in smoking cessation [49–51], most participants

were unaware of such smoking cessation techniques. While participants were

agreeable to have recourse to counselling as a smoking cessation technique, they

reported their unwillingness to use NRT and medications such as bupropion as

cessation aids if ever they decide to stop smoking. These findings were in confor-

mity with a number of related studies which reported that knowledge about

smoking cessation aids was low among adult smokers and they were less likely to

use them [35, 52–55]. On the other hand, the findings of the current study are

different from those of the ITC Mauritius Survey 2011 which showed that smokers

in Mauritius were most interested in accessing stop smoking medications [18]. Both

psychotherapy and pharmacotherapy are required on the workplace so as to

improve the likelihood of quitting among smokers who seek help as found in the

literature [56, 57].

Association Between ND and TTM

Employees of the educational institution surveyed presented a minimal level of ND

as most of the participants had a FTND score between 0 and 4. Similar levels of ND

were found in Spain [58, 59] and other countries [60, 61], whereas Bang [62] found

high ND among employees of a university. With regard to the correlation between

physiological factors and the intention to quit, this study which indicated low

ND and high intention to quit smoking supports the findings of Girma et al. [63]

which demonstrated that smokers who had no intention to quit smoking had high

level of ND.

The application of the TTM to the sample under study was not consistent

with the results of Duaso et al. [60] which showed that 59.6 % (vs. 19.0 %) of the

participants in their study were in precontemplation stage, 32.3 % (vs. 27.0 %) were

in contemplation stage and 8.1 % (vs. 34.9 %) were in preparation stage. However,

this difference may arise from the limitation of this study, whereby the sample size

was relatively small. Although convenience sampling was used, the use of a

validated questionnaire adapted from the Global Adult Tobacco Survey question-

naire constitutes the main strength of this study. Considering the TTM, stage of

change was found to be unrelated to ND in accordance with the study of

DiClemente et al. [64] but in contradiction with other studies conducted by Kleinjan

et al. [65, 66]. Follow-up studies are thus needed to shed light on behaviour change

of employees.

8 Need for Smoking Cessation Support for Better Health of Employees 125



8.4.2 Qualitative

Facilities Available in Mauritius to Support Smokers

The main focus of this qualitative part was to identify the facilities offered in

Mauritius to support the smokers who were willing to make quitting-related actions.

The findings of this research provide an array of information about smoking

cessation clinics available in Mauritius, on their working hours, smoking cessation

strategies, infrastructure and human resources. Hence, employees of the educa-

tional institution surveyed can find relevant information to gain control over

their life.

This study revealed that smoking cessation clinics have been extended to

regional areas making the facilities accessible to a larger proportion of the Mauritian

population. Moreover, each smoking cessation clinic, having the same infrastructure

and human resources, offers similar smoking cessation intervention strategies. On the

other hand, the different working hours in each smoking cessation clinic allow

smokers to benefit from the smoking cessation facilities at their convenience. Yet,

more smoking cessation sessions per week in each smoking cessation clinic and

extension of these services in Area and Community Health Centres are advocated

for. It has been noticed that all the smoking cessation clinics offer both counselling

and pharmacotherapy except that of Souillac which provides only counselling as part

of the smoking cessation intervention. However, pharmacotherapy will soon be

offered at Souillac Hospital too. It is important to note that the counsellors were

trained by the WHO which constitutes the greatest asset of the smoking cessation

clinics. Nonetheless, there is need to address the training of more health professionals

for improved practice with respect to smoking cessation interventions. Results from

this research indubitably demonstrated that a high number of new cases have been

registered in each smoking cessation clinic.

Despite the various facilities offered by the smoking cessation clinics, there are

numerous limitations which need to be addressed. Paper records are used as a

medium to collect and record patients’ data and these impede the continuity and

quality of care. Illegible handwriting, ambiguous and incomplete data, data frag-

mentation, poor availability and lack of space for storage files constitute barriers to

a first-class record service. Hence, using an automated health record will be more

beneficial. Indeed, electronic health records will represent a huge potential for cost

savings and decreasing staff inefficiencies. As per the records at Odette Leal

Community Health Centre, 194 patients have dropped out due to unknown reasons

and seven have relapsed and only eight patients have reported to have successfully

responded to treatment and have given up smoking. However, in the other smoking

cessation clinics, these data are not available as they have recently been operational

and the relapse rate requires a minimum of 1 year to be calculated. Thus, there is

need to monitor the various shortcomings in the monitoring of patients’ response to

treatment and to identify the reasons for drop-outs and relapses. Another limitation

is that telephone quit lines are not included in the services provided.
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8.5 Conclusions

This study has contributed to shed light on the smoking burden in an employee

population of an educational institution as they try to stop inhaling poisonous

chemical substances in cigarettes. Indeed, this study clearly showed that the overall

intention to quit among the participants was high. There is need for health promo-

tion on work premises to cater for the needs of employees who want to quit.

Through successful smoking cessation techniques, they will stop inhaling poison-

ous chemical substances which jeopardize their health and those of other

employees. Counselling with relevant therapies and sustained follow-up by health

professionals on the workplace is recommended to reduce smoking relapse, espe-

cially for those who are nicotine-dependent. Eliminating barriers to quitting will

help more smokers achieve their goal of becoming tobacco-free, which will con-

tribute to a tobacco-free workplace.
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Chapter 9

Preparation and Characterization of Some

Imidazoles and Formimidoyl-1H-Imidazoles

from Formamidines

Asieh Yahyazadeh

Abstract Imidazole and formimidoyl-1H-imidazole derivatives were prepared in

good yields by the reaction between formamidines and a weak or strong base

depending on reaction conditions. Starting from readily available ethyl (Z)-N-
(2-amino-1,2-dicyanovinyl)formimidate 1, N-aryl-N0-[2-amino-1,2-dicyanovinyl]

formamidines 2 can be prepared in good yields by the reaction with aromatic

amines at room temperature in the presence of an acid catalyst. Treatment of

the amidines with the base, DBU (1,8-diazabicyclo[5.4.0]undec-7-ene) at room

temperature gave the corresponding 5-amino-1-aryl-4-(cyanoformimidoyl)-1H-
imidazoles 3 in high yields, whereas the reaction with potassium hydroxide

solution afforded the respective 5-amino-4-cyano-1-arylimidazoles 4. Compounds

4 can also be prepared from compounds 3 by reaction with potassium hydroxide

solution. All the derivatives were fully characterized by spectroscopic data.

9.1 Introduction

5-Amino-4-cyanoimidazoles have long been recognized as useful synthetic

precursors to purines, but there is no simple, general synthesis available for 1-aryl

derivatives of these compounds. In 1984, Sen and Mukhopadhyay [1] reported the

preparation of 5-amino-4-cyano-1-( p-aminosulfonylphenyl)imidazole via a multi-

step synthesis from the corresponding 1-methyl derivative. Frank and Zeller [2]

described the synthesis of a number of 1-aryl- and 1-heteroaryl-5-amino-4-

cyanoimidazoles (aryl¼2- and 4-ClC6H4, 2,4-Cl2C6H3, 2,4-Me2C6H3; heteroaryl¼
2- and 3-pyridyl, 5-Cl-2-pyridyl, 3,5-Cl2-2-pyridyl, 2-Cl-3-pyridyl, and 2-pyrimidinyl)

in low to moderate yields by reaction of the corresponding ethyl N-substituted
formimidate with 2-aminomalodinitrile tosylate in acetic acid.
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We have been interested in the chemistry of diaminomaleonitrile (DAMN)

and its derivatives, in particular, ethyl-2-(2-amino-1,2-dicyanovinyl)formimidate

1. The latter can be prepared in good yield from the reaction between DAMN and

triethyl orthoformate in 1,4-dioxane [3–6]. From our previous work in this area,

it appeared to us that 1 would be a useful starting material for the preparation of

new N-aryl-N0–[2-amino-1,2-dicyanovinyl]formamidines 2. Using procedures

developed in our laboratories it was envisaged that these could be readily converted

into 5-amino-1-aryl-4-(cyanoformimidoyl)-1H-imidazoles 3 [7–13], which are

expected to be useful precursors to new 6-carbamoyl-1, 2-dihydropurines and

6-substituted purines [14–20]. In addition, reactions of compound 2 could provide

a simple route to the desired 5-amino-1-aryl-4-cyanoimidazoles 4. The results of

this investigation are now reported.

9.2 Experimental

9.2.1 Materials and Methods

All solvents were purified and dried using established procedures. The 1H NMR

spectra were recorded on a Bruker XL 500 (500 MHz) instrument, 13C NMR

spectra on a DRX-500 AVANCE spectrometer, and IR spectra on a Shimadzu

IR-470 spectrophotometer. Mass spectra were recorded on a Kratos Concept

instrument. The melting points were measured on an Electrothermal digital melting

point apparatus and are uncorrected.

9.2.2 General Procedure for the Preparation
of the N-aryl-N0-[2-amino-1,2-dicyanovinyl]
formamidines 2a-c

The aromatic amines (5.64 mmol) were added to a suspension of formimidate

1 (5.62 mmol) in dry ethanol or ethyl acetate, which contained anilinium chloride

(0.01 g). The mixture was stirred at room temperature until TLC showed that all

the formimidate had disappeared (usually 3–4 h) and the amidine was isolated

by filtration. In a few cases precipitation had to be assisted by concentrating the

solution and addition of a 1:1 mixture of light petroleum (b.p. 40–60 �C) and

chloroform. In most cases the products obtained were yellow to pale green. The

precipitates were washed with diethyl ether or a light petroleum-chloroform mix-

ture and were dried under vacuum to give the analytically pure products in the

yields 82–92 %.
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N-Phenyl-(Z)-N0-[2-amino-1,2-dicyanovinyl]formamidine 2a: Recrystallization

of the product from dry chloroform/petroleum ether (1:1) gave yellow crystals

(1.05 g, 4.97 mmol, 82 %). M.p. 132–134 �C (decomp.). [Found: C, 62.7;

H, 4.2; N, 33.0. C11H9N5 requires: C, 62.6; H, 4.3; N, 33.2 %]; m/z (EI):

212 (M + 1)+ 100 %, 211 (M)+ 12.5 %, 185 (M-CN)+ 18.4 %, 106 [(M + 1)-

C4H2N4]
+ 2 %, 94 [(M + 1)-C5H2N4]

+ 21 %, 93 [(M + 1)-C5H3N4]
+ 7.5 %;

δH (500 MHz, d6-DMSO): 6.60 (br. s, NH2), 7.10–7.15 (m, 1H, H9), 7.38–7.42

(m, 2H, H8 & H10), 7.55–7.70 (br. s, 2H, H7 & H11), 7.74 (s, 1H, H5), 8.16 (br. s,

1H, NH); δC (75 MHz, d6-DMSO): 151.7 (C5), 143.3 (C6), 133.1 (C8 & C10),

126.8 (C9), 122.9 (C7 & C11), 122.3 (C2), 119.7 and 118.8 (C3 & C4), 109.2

(C1) ppm; νmax (Nujol mull): 3,450 s, 3,420 w, 3,410 w, 3,345 s, 3,300 m, 3,240 w

(N-H str.), 2,210 s (CN str.), 2,195 s (CN str.), 1,655 s (C¼N str.), 1,600 s (N-H

bend), 1,590 s, 1,500 w, 1,320 m, 960 s, 870 s, 730 m cm�1; λmax (EtOH): 202.1

(ε 16631), 205.2 (ε 13869), 262.5 (ε 10989), 262.8 (ε 10894) and 353.0 (ε 32456) nm.

N-Benzyl-(Z)-N0-[2-amino-1,2-dicyanovinyl]formamidine 2b: Recrystallization

of the product from dry chloroform/petroleum ether (1:1) gave white crystals (1.22 g,

5.4mmol, 89%).M.p. 91–92 �C(decomp.). [Found:C, 64.2;H, 4.9;N, 31.1.C12H11N5

requires: C, 64.0; H, 4.9; N, 31.1 %]; m/z (EI): 226 (M + 1)+ 100 %, 225 (M)+ 62 %,

199 (M-CN)+ 11.4%,108 [(M + 1)-C5H2N4]
+ 66.0%;δH (500MHz,d6-DMSO): 4.52

(d, 2H, 3J6, NH 6 Hz, H6), 6.10 (s, 2H, NH2), 7.20–7.38 (m, 5H, H8, H9, H10, H11 &

H12), 7.74 (d, 1H, 3J5, NH6Hz,H5), 8.18 (br. d,1H,
3JNH, 5 6Hz,NH)ppm;δC (75MHz,

d6-DMSO): 154.4 (C5), 148.8 (C7), 132.4 (C10), 131.8 (C9&C11), 131.0 (C8&C12),

121.1 and 120.2 (C3&C4), 119.2 (C2), 110.1 (C1), 47.9 (C6) ppm; νmax (Nujolmull):

3,460 s, 3,355 s (N-H str.), 2,225 s (CN str.), 2,210 s (CN str.), 1,640 s (C¼N str.),

1,600 s (N-H bend), 1,580 m, 1,530 m, 1,350 m, 1,290 m, 1,200 m, 1,170 s, 1,070 m,

960 s, 790 s, 700 s cm�1; λmax (EtOH): 205.3 (ε 22688), 206.6 (ε 1907), 228.0

(ε 20813), 228.1 (ε 1931), 330.1 (ε 39938), and 330.2 (ε 3878) nm.

N-(4-Methylphenyl)-(Z)-N0-[2-amino-1,2-dicyanovinyl]formamidine 2c:

Recrystallization of the product from dry chloroform/petroleum ether (1:1) gave

pale green crystals (1.35 g, 6.0 mmol, 92 %). M.p. 123–124 �C (decomp.).

[Found: C, 63.9; H, 4.8; N, 31.6. C12H11N5 requires: C, 64.0; H, 4.9; N, 31.1 %];

m/z (EI): 226 (M + 1)+ 100 %, 225 (M)+ 3.0 %, 195 (M-CN)+ 40.9 %,

120 [(M + 1)-C4H2N4]
+ 6.0 %, 91 [(M + 1)-C5H4N5]

+ 6.0 %; δH (500 MHz,

d6-DMSO): 2.50 (s, 3H, CH3), 6.40 (br. s, NH2), 6.90 (d, 2H, 3J8,7 8 Hz, H8 &

H10), 7.30�7.42 (d, 1H, 6 Hz, H5), 7.50�7.90 (br. complex m, 2H, H7 & H11),

9.90 (br. s, NH) ppm; δC (75 MHz, d6-DMSO): 159.1 (C9), 150.9 (C5), 136.6 (C6),

124.5 (C7 & C11), 122.3 (C2), 119.9 and 118.8 (C3 & C4), 118.1 (C8 & C10),

109.6 (C1), 39.1 (C12) ppm; νmax (Nujol mull): 3,460 w, 3,450 s, 3,340 s, 3,300 m,

3,250 s, 3,120 m (N-H str.), 2,210 s (CN str.), 1,650 s (C¼N str.), 1,590 s (N-H

bend), 1,575 w, 1,515 m, 1,310 s, 1,295 m, 1,245 s, 1,220 s, 1,175 m, 1,040 s,

960 m, 820 s, 780 m cm�1; λmax (EtOH): 201.1 (ε 14971), 202.2 (ε 15641), 269.0
(ε 12659) and 356.6 (ε 29334) nm.
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9.2.3 General Procedure for the Preparation
of the 5-Amino-1-aryl-4-(cyanoformimidoyl)-
1H-imidazoles 3a-c

To a stirred suspension of the formamidine (1.0 g) in either dry ethyl acetate, ethanol

or a 1:1 mixture of ethyl acetate and isopropanol, was added DBU (10 drops) and the

reaction was monitored by TLC. After 1–3 h the product precipitated as an off-white

to pale yellow solid. This was filtered off, washed with diethyl ether or light

petroleum and dried under vacuum to give the title compounds in yields of 85–91%.

5-Amino-1-phenyl-4-(cyanoformimidoyl)-1H-imidazole 3a: Recrystallization

of the product from dry chloroform/petroleum ether (1:1) gave pale yellow crystals

(0.9 g, 4.2mmol, 90%).M.p. 114–116 �C (decomp.). [Found: C, 64.8; H, 4.2; N, 31.0.

C11H9N5 requires: C, 64.9; H, 4.3; N, 30.4%];m/z (EI): 212 (M + 1)+ 3.9%, 211 (M)+

14.6 %, 159 [(M + 1)-CN]+ 14.8 %; δH (500MHz, d6-DMSO): 6.68 (br. s, 2H, NH2),

7.42–7.60 (m, 5H, H9, H10, H11, H12&H13), 7.72 (s, 1H, H2), 11.20 (br. s, 1H, NH)

ppm; δC (75 MHz, d6-DMSO): 147.9 (C6), 147.1 (C5), 137.9 (C8), 136.1 (C2), 134.0

(C11), 132.6 (C9 & C13), 128.8 (C10 & C12), 120.5 (C7), 117.6 (C4) ppm;

νmax (Nujol mull): 3,340 s, 3,300 m, 3,250 s, 3,180 m, 3,120 m (N-H str.), 2,200 s

(CN str.), 1,650 s (C¼N str.), 1,600 s (N-H bend), 1,580 s, 1,290 m, 1,230 s, 1,170 m,

960 m, 820 s, 780 m cm�1; λmax (EtOH): 202.0 (ε 20057), 205.4 (ε 13194), 206.2

(ε 13218), 219.9 (ε 13531), 220.2 (ε 14046), 347.2 (ε 9207) and 347.3 (ε 9017) nm.

5-Amino-1-benzyl-4-(cyanoformimidoyl)-1H-imidazole 3b: Recrystallization

of the product from dry chloroform/petroleum ether gave white crystals (0.85 g,

3.7 mmol, 85 %). M.p. 136–137 �C (decomp.). [Found: C, 64.2; H, 4.8; N, 31.0.

C12H11N5 requires: C, 64.0; H, 4.9; N, 31.1 %]; m/z (EI): 226 (M + 1)+ 100 %,

225 (M)+ 12.6 %, 199 (M-CN)+ 22 %, 91 (M-C5H4N5)
+ 20.8 %; δH (500 MHz,

d6-DMSO): 5.10 (s, 2H, H8), 6.76 (br. s, 2H, NH2), 7.20–7.38 (m, 6H, H10, H11,

H12, H13 & H14), 7.42 (s, 1H, H2), 10.88 (br. s, 1H, NH) ppm; δC (75 MHz,

d6-DMSO): 148.3 (C6), 147.1 (C5), 140.4 (C9), 136.4 (C2), 132.4 (C12), 131.7

(C11 & C13), 131.2 (C10 & C14), 120.2 (C7), 117.5 (C4), 49.7 (C8); νmax (Nujol

mull): 3,350 s, 4,260 s, 3,180 m, 3,120 m (N-H str.), 2,225 s (CN str.), 1,659 s (C¼N

str.), 1,595 s (N-H bend), 1,550 s, 1,520 m, 1,350 s, 1,300 s, 1,220 s, 1,195 s, 970 s,

940 s, 820 cm�1; λmax (EtOH): 207.5 (ε 15935), 208.5 (ε 16015), 225.0 (ε 12222)
and 348.4 (ε 10945) nm.

5-Amino-1-(4-methylphenyl)-4-(cyanoformimidoyl)-1H-imidazole 3c: Recry-

stallization of the product from dry diethyl ether (1:1) gave pale green crystals

(0.97 g, 4.02 mmol, 91 %). M.p. 124–125 �C (decomp.). [Found: C, 59.7; H, 4.9; N,

28.9. C12H11N5 requires: C, 59.8; H, 4.6; N, 29.0 %]; m/z (EI): 242 (M + 1)+ 22 %,

241 (M)+ 55.5 %, 240 (M-1)+ 27.3 %, 106 [(M + 1)-C5H4N5]
+ 17 %; δH (500 MHz,

d6-DMSO): 2.54 (s, 3H, CH3), 6.72 (br. s, 2H, NH2), 7.22 (d, 2H,
3J10,9 8 Hz, H10 &

H12), 7.46 (s, 1H, H2), 7.54 (d, 2H, 3J13,12 8 Hz, H9 & H13), 11.12 (br. s, 1H, NH)

ppm; δC (75 MHz, d6-DMSO): 163.5 (C6), 148.3 (C11), 147.2 (C5), 136.5 (C2),
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130.6 (C9 & C13), 130.6 (C8), 120.3 (C7), 119.2 (C10 & C12), 117.5 (C4), 34.4

(C14) ppm; νmax (Nujol mull): 3,420 m, 3,260 s, 3,120 m (N-H str.), 2,230 s

(CN str.), 1,635 m (C¼N str.), 1,600 s (N-H bend), 1,580 s, 1,550 s, 1,525 s,

1,250 s, 1,180 m, 1,170 m, 1,015 s, 930 s, 800 m cm�1; λmax (EtOH): 201.8

(ε 22405), 205.0 (ε 13933), 205.5 (ε 14021), 206.2 (ε 13977), 211.9 (ε 11736),

227.3 (ε 16098), 228.1 (ε 15539), 348.1 (ε 9722) and 348.5 (ε 9571) nm.

9.2.4 General Procedure for the Preparation
of the 5-Amino-1-aryl-4-cyanoimidazoles 4a-c

An aqueous solution of 1 M potassium hydroxide (1 ml) was added to a suspension

of the formamidine (0.5 g) in ethanol (1 ml) and the mixture was stirred at room

temperature for approximately 1 h. The white solid which precipitated was washed

with water, a few drops of ethanol and finally diethyl ether before drying under

vacuum. The yields of these reactions were 75–90 %.

5-Amino-1-phenyl-4-cyanoimidazole 4a: Recrystallization of the product from a

mixture of dry diethyl ether/ethanol (10:1) gave an off-white solid (0.38 g,

2.07 mmol, 90 %). M.p. 194–196 �C (decomp.). [Found: C, 65.1; H, 4.6; N, 30.4.

C10H8N4 requires: C, 65.2; H, 4.3; N, 30.4 %]: m/z (EI): 185 (M + 1)+ 5.8 %,

184 (M)+ 24 %, 77 (M-C4H3N4)
+ 12 %; δH (500 MHz, d6-DMSO): 6.20 (s, 2H,

NH2), 7.42 (s, 1H, H2), 7.48–7.68 (m, 5H, H8, H9, H10, H11 & H12) ppm;

δC (75 MHz, d6-DMSO): 151.2 (C5), 137.9 (C2), 136.6 (C7), 133.8 (C10), 132.6

(C9 & C11), 129.3 (C8 & C12), 121.1 (C6), 95.0 (C4) ppm; νmax (Nujol mull):

3,370 m, 3,300 s, 3,180 s, 3,110 m (N-H str.), 2,210 s (CN str.), 1,680 s (C¼N str.),

1,600 s (N-H bend), 1,530 s, 1,265 s, 1,230 s, 1,100 s, 915 s, 780 s, 755 s cm�1; λmax

(EtOH): 202.7 (ε 16643), 223.8 (ε 16407), 248.0 (ε 11075) and 346.2 (ε 177) nm.

5-Amino-1-benzyl-4-cyanoimidazole 4b: Recrystallization of the product from a

mixture of dry diethyl ether/ethanol (10:1) gave an off-white solid (0.36 g,

1.8 mmol, 82 %). M.p. 197–198 �C (decomp.). [Found: C, 66.7; H, 5.3; N, 28.3.

Calc. for C11H10N4: C, 66.7; H, 5.1; N, 28.3 %] ; m/z (EI): 199 (M + 1)+ 100 %,

198 (M)+ 4.5 %, 108 [(M + 1)-C7H7]
+ 9.6 %; δH (500 MHz, d6-DMSO): 5.12

(s, 2H, CH2), 6.42 (s, 2H, NH2), 7.22–7.28 (m, 2H, H10 & H12), 7.32 (s, 1H, H2),

7.34–7.48 (m, 3H, H9, H11 & H13) ppm; δC (75 MHz, d6-DMSO): 152.6 (C5),

140.3 (C8), 136.7 (C2), 132.4 (C11), 131.6 (C10 & C12), 131.5 (C13 & C9), 121.4

(C6), 94.2 (C4), 49.9 (C7) ppm; νmax (Nujol mull): 3,380 s, 3,340 w, 3,200 s,

3,100 w (N-H str.), 2,200 s (CN str.), 1,650 s (C¼N str.), 1,590 s (N-H bend),

1,530 s, 1,180 s, 1,000 s, 850 m, 800 s cm�1; λmax (EtOH): 202.2 (ε 13538), 245.7
(ε 12771) and 340.0 (ε 250) nm.

5-Amino-1-(4-methylphenyl)-4-cyanoimidazole 4c: Recrystallization of the

product from amixture of dry diethyl ether/ethanol (10:1) gave a white solid (0.33 g,

1.68 mmol, 75 %). M.p. 167–169 �C (decomp.). [Found: C, 66.3; H, 5.2; N, 28.8.
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C11H10N4 requires: C, 66.7; H, 5.1; N, 28.3 %]; m/z (EI): 198 (M)+ 100 %,

91 (M-C4H3N4)
+ 4.0 %; δH (500 MHz, d6-DMSO): 2.42 (s, 3H, CH3), 6.12

(s, 2H, NH2), 7.14 (d, 2H, 3J8,9 9 Hz, H9 & H11), 7.39 (d, 2H, 3J12,11 9 Hz, H8 &

H12), 7.41 (s, 1H, H2) ppm; δC (75 MHz, d6-DMSO): 163.4 (C10), 151.5 (C5),

136.8 (C2), 131.1 (C8 & C12), 130.5 (C7), 121.4 (C6), 119.4 (C9 & C11), 94.2

(C4), 35.6 (C13) ppm; νmax (Nujol mull): 3,360 w, 3,340 s, 3,200 s, 3,170 m (N-H

str.), 2,240 s (CN str.), 1,650 s (C¼N str.), 1,580 s (N-H bend), 1,530 s, 1,260 s,

960 s, 810 s cm�1; λmax (EtOH): 202.5 (ε 12808) and 232.8 (ε 13632) nm.

9.3 Results and Discussion

Treatment of 1 with an equimolar amount of the appropriate aromatic amine at

room temperature in ethanol in the presence of a catalytic amount of anilinium

chloride afforded the corresponding formamidines 2a-c in 82–92 % yields

(Scheme 9.1). Isolation of product was achieved by simple filtration of the final

reaction mixture and little or no further purification was required to give analyti-

cally pure products. The anilinium chloride is believed to act as a general acid

catalyst and a significant acceleration of the rate of reaction was observed. When it

is absent, appreciable decomposition occurs and the amidine product becomes

difficult to isolate from tarry by-products with consequent low yields. The amine

hydrochloride salts of the arylamine reactions also catalyse these reactions, but it is

often more convenient to use the anilinium salt.

The spectroscopic data obtained on these compounds 2a-c were satisfactory.

The high resolution mass spectra gave molecular ions at 212, 226, 226 (M + 1)+

consistent with the molecular weights of 211, 225, 225 for the formamidines 2a-c.

The 1H NMR spectra of compounds 2a-c in deuterated dimethyl sulfoxide had

some interesting features. The HC¼N proton appeared at δ 7.30–7.74 ppm and NH

proton appeared as a broad singlet at δ 8.16–9.90 ppm and was confirmed by D2O

exchange. The 13C NMR spectra were fully consistent with the assigned structures.

The infrared spectra of amidines 2a-c showed two strong absorptions in the region

H2N CN

CNHN

NH

2a-c

H2N CN

CNN

OEtH

1

R3

R2

R1

PhNH3
+ Cl-

R.T. 3-4 h

(CH2)n

a : R1= H, R2= R3= H n=0
b : R1=R2=R3= H n=1
c : R1=CH3, R2=R3=H n=0

+ Ar(CH2)nNH2

Scheme 9.1 Synthetic

route toward preparation

of formamidines 2a-c
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2,210–2,225 cm�1 characteristic of C�N stretching vibrations, together with an NH

and a C¼N stretching vibrations at 3,100–3,460 cm�1 and 1,610–1,650 cm�1

respectively.

When several drops of DBU were added to a suspension of the amidines 2a-c in

ethyl acetate or ethanol, cyclization occurred in 1–3 hours to give the corresponding

5-amino-1-aryl-4-(cyanoformimidoyl)imidazoles 3a-c in good yields (85–91 %).

All the compounds were obtained in an analytically pure state and IR spectra

showed strong bands in the 2,200–2,230 cm�1 region for a C�N bond and C¼N

stretching vibrations within the region of 1,660–1,635 cm�1. In all cases, the signals

were sharp and in the 1H NMR spectra the CH proton of the imidazole ring

appeared in the range δ 7.42–7.72, the NH2 protons at δ 6.68–6.76 and the NH

proton at δ 10.88–11.20 ppm. The 13C NMR spectra were fully consistent with the

assigned structures.

When a saturated solution of potassium hydroxide in ethanol was added to a

suspension of the amidines 2a-c in an alcohol at room temperature the

corresponding 5-amino-1-aryl-4-cyanoimidazoles 4a-c were formed in good yields

(75–90 %). These compounds can also be made in comparable yields by the

reaction of the compounds 3a-c with a saturated solution of potassium hydroxide

in ethanol under conditions similar to those described above (Scheme 9.2).

H2N CN

CNHN

NH

2a-c

R3

R2
R1

(CH2)n

a : R1= H, R2= R3= H n=0
b : R1=R2=R3= H n=1
c : R1=CH3, R2=R3=H n=0 N

N NH2

H

NH

CN

3a-c

4a-c

R3

R2
R1

(CH2)n
DBU

KOH

N

N NH2

CN
H

R3

R2
R1

(CH2)n

KOH

Scheme 9.2 Synthetic route toward preparation of 5-amino-1-aryl-4-(cyanoformimidoyl)

imidazoles 3a-c and 5-amino-1-aryl-4-cyanoimidazoles 4a-c
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Compounds 4a-c were recrystallised from a mixture of ethanol/methanol (1:1)

and gave pale yellow to off-white crystals respectively. These were fully

characterized by microanalysis, IR, 1H, 13C NMR and mass spectroscopy. The

high resolution mass spectra gave molecular ions at 185, 199, 199 (M + 1)+

consistent with the expected molecular weights of 184, 198 and 198 for the

imidazoles 4a-c. The infrared spectra confirmed the presence of the NH and

C¼N stretching vibrations within the region of 3,100–3,380 cm�1 and

1,650–1,680 cm�1 respectively. The infrared spectra also showed sharp absorption

bands within the range of 2,210–2,240 cm�1 for the C�N stretching vibration.

In the 1H NMR spectra of the isolated 5-amino-1-aryl-4-cyanoimidazoles, the

primary amine protons were observed in the region of δ 6.12–6.42 ppm and in

several cases the assignment was confirmed by D2O exchange. The protons of the

imidazole rings appeared as sharp singlets in the range of δ 7.34–7.42 ppm. The 13C

NMR spectra of the compounds 4a-c had the expected number of peaks. The signal

for the C-2 carbon of the imidazole ring appeared in the region of 136.7–137.9 ppm.
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Chapter 10

Synthesis and Characterization

of 6-Carbamoyl-2-Alkyl-

9-(Phenyl or Benzyl)-9H-Purines

Asieh Yahyazadeh

Abstract The 2-(5-amino-1-phenyl or benzyl)-4-(cyanoformimidoyl)-1H-imidazoles

proved to be important intermediates not only in the preparation of new

6-carbamoyl purines but also in the synthesis of 6-amino-purine, 6-cyano-purine

and 1,2-dihydropurines. 6-Carbamoyl-2-alkyl-9-(phenyl or benzyl)-9H-purines
have been synthesized in high yields by reactions between 2-(5-amino-1-phenyl

or benzyl)-4-(cyanoformimidoyl)-1H-imidazoles and acetylacetone at room

temperature. Intramolecular hydrogen bonding appears between H of NH2

and N1 at purine ring. All the compounds have been fully characterized by

spectroscopic data.

10.1 Introduction

Purines are extremely important compounds with a wide array of synthetic and

industrial applications. They are integral parts of DNA and RNA, playing an

essential role in several biological processes with considerable chemical and

pharmacological importance. The biological importance of the purine structure is

evident from the countless derivatives that have been prepared and are active,

especially as antiviral and antitumor agents [1–4]. The substituent in the 6-position

plays an important role in the potency and selectivity of the purine derivatives. As a

result, great efforts have been directed to the synthesis and biological evaluation of

a number of 6-substituted purines.
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10.2 Experimental

10.2.1 General Techniques

All solvents were purified and dried using established procedures. The 1H NMR

spectra were recorded on Bruker XL 500 (500 MHz) instruments (with J-values

given in Hz), and IR spectra on a Shimadzu IR-470 spectrophotometer. The melting

points were measured on an Electro-thermal digital melting point apparatus with

the thermometer uncorrected.

10.2.2 General Procedure for the Preparation
of the 2-(5-Amino-1-phenyl or benzyl)-
4-(cyanoformimidoyl)-1H-imidazoles 3a-d

To a suspension of the corresponding aryl-(Z)-N-[2-amino-1,2-dicyanovinyl]

formamidine 2a-d (1.00 g) in dry ethanol (8 ml) was added DBU (9 drops)

[6–8, 13]. The mixture was stirred under an argon atmosphere at room temperature

for 0.5–3 h until TLC showed that all the amidine had been consumed. The reaction

mixture was then filtered off, washed with dry diethyl ether and dried under vacuum

to give 3a-d.

10.2.3 General Procedure for the Preparation
of the 6-Carbamoyl-2-alkyl-
9-(phenyl or benzyl)-9H-purines 4a-d

1,3-Dione (5 ml) was added to a solution of 2-(5-amino-1-phenyl or benzyl)-4-

(cyanoformimidoyl)-1H-imidazoles 3a-d (0.12 g) in acetonitrile (10 ml) and the

mixture was stirred at room temperature for 20–24 h. The reaction mixture was then

filtered off, washed with dry diethyl ether and dried under vacuum to give 4a-d.

Synthesis of 6-carbamoyl-2-methyl-9-(4-ethoxyphenyl)-9H-purine 4a: Recry-

stallization of the product from dry diethyl ether and air-drying gave white crystals

of 6-carbamoyl-2-methyl-9-(4-ethoxyphenyl)-9H-purine 4a (0.87 g, 72 %);

mp 287–288 �C; Analysis: [Found: C, 59.80; H, 5.24; N, 24.10. Calc. for

C15H15N5O2: C, 60.60; H, 5.05; N, 23.56 %]; IR (KBr): 3,400 s, 3,180 s, 3,100 w,

2,980 w, 1,650 m, 1,610 m, 1,520 s, 1,480 w, 1,400 s, 1,345 w, 1,250 s, 1,220 s,

1,040 m cm�1; 1H NMR (DMSO) (δ ppm): 8.92 (s, 1H, H8), 8.56 (s, br, NH), 8.06

(s, br, NH), 7.72 (d, J ¼ 8.5 Hz, 2H, H10 & H14), 7.14 (d, 3J13,14 ¼ 8.6 Hz, 2H, H11

& H13), 4.10 (q, 2H, CH2), 2.50 (s, 3H, CH3), 1.35 (t, 3H, CH3); MS (EI, 70 eV):

m/z (%) 298 (45) (M + 1)+, 297 (100) (M)+.
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Synthesis of 6-carbamoyl-2-methyl-9-(3,4-dimethoxyphenyl)-9H-purine

4b: Recrystallization of the product from dry diethyl ether and air-drying gave

green crystals of 6-carbamoyl-2-methyl-9-(3,4-dimethoxy phenyl)-9H-purine 4b

(0.84 g, 70 %); mp 218 �C; Analysis: [Found: C, 57.80; H, 4.81; N, 22.40. Calc. for
C15H15N5O3: C, 57.50; H, 4.79; N, 22.36 %]; IR (KBr): 3,450 s, 3,380 s, 3,100 w,

1,680 m, 1,600 m, 1,520 s, 1,450 w, 1,345 w, 1,250 s, 1,220 s, 1,020 m cm�1. 1H

NMR (CDCl3): 8.56 (s, br, NH), 8.35 (s, 1H, H8), 7.23 (d, J ¼ 3.6 Hz, 1H, H10),

7.16 (dd, J ¼ 3.5 Hz, 1H, H14), 7.01 (d, J ¼ 8.5 Hz, 1H, H13), 6.29 (s, br, NH), 3.95

(s, 6H, OCH3), 2.88 (s, 3H, CH3) ppm; MS (EI, 70 eV): m/z (%) 314 (24) (M + 1)+,

313 (100) (M)+.

Synthesis of 6-carbamoyl-9-(3,4-dimethoxybenzyl)-2-(4-isopropylphenyl)-9H-

purine 4c: Recrystallization of the product from dry diethyl ether and air-drying

gave white crystals of 9-(3,4-dimethoxybenzyl)-9H-purine-6-carboxamide 4c

(0.12 g, 0.27 mmol, 64 %); mp 218–219 �C; Analysis: [Found: C, 65.80; H,

6.04; N, 16.40. Calc. for C24H26N5O3: C, 66.66; H, 6.01; N, 16.20 %]; IR (KBr):

3,330 s, 3,200 s (N-H), 3,100 w (C-H Ar), 2,900 m (C-H aliphatic), 1,690 s (C¼O),

1,650 s (C¼N), 1,475 m, 1,400 m, 1,350 s, 1,250 s, 1,100 m, 1,020 m cm�1; 1H

NMR (DMSO): 9.09 (s, 1H, Himidazole), 8.59 (br. s, 1H, NH2), 8.44 (d, 2H, J ¼ 7.73

Hz, HAr), 8.13 (br. s, 1H, NH2), 7.64 (s, 1H, HAr), 7.53 (d, 1H, J ¼ 8 Hz, HAr), 7.42

(d, 2H, J ¼ 7.72 Hz, HAr), 7.25 (d, 1H, J ¼ 8 Hz, HAr), 3.90, 3.88 (s, 6H,

2 � OCH3), 2.98 (m, 1H, Hisoprop), 2.53 (s, 2H, CH2), 1.29, 1.25 (s, 6H, 2CH3)

ppm; MS (EI, 70 eV): m/z (%) 433 (42) (M + 1)+, 432 (87) (M)+.

Synthesis of 6-carbamoyl-9-(3,4-dimethoxybenzyl)-2-(3,4-dimethoxyphenyl)-

9H-purine 4d: Recrystallization of the product from dry diethyl ether and

air-drying gave white crystals of 6-carbamoyl-9-(3,4-dimethoxybenzyl)-

2-(3,4-dimethoxyphenyl)-9H-purine 4d (0.14 g, 0.31 mmol, 74 %); mp

140–142 �C; Analysis: [Found: C, 61.65; H, 5.48; N, 16.01. Calc. for

C23H21N5O5: C, 61.33; H, 5.33; N, 15.55 %]; IR (KBr): 3,320 s (N-H), 3,010 m

(C-H Ar), 2,930 m (C-H aliphatic), 1,615 s (C¼O), 1,560 s (C¼N), 1,510 s (C¼C),

1,475 m, 1,420 m, 1,265 s, 1,020 s, 1,140 m, 818 s, 760 s cm�1; 1H NMR (DMSO):

8.18 (s, 1H, Himidazole), 7.84 (br. s, 1H, NH2), 7.70 (s, 2H, HAr), 7.47 (d, 2H,

J ¼ 7.5 Hz, HAr), 7.04 (d, 2H, J ¼ 7.5 Hz, HAr), 3.84, 3.83 (s, 12H, 4 � OCH3),

3.59 (s, 2H, CH2) ppm; MS (EI, 70 eV): m/z (%) 451 (44) (M + 1)+, 450 (88) (M)+.

10.3 Results and Discussion

In our research, we have been studying the reactivity of 2-(5-amino-1-phenyl or

benzyl)-4-(cyanoformimidoyl)-1H-imidazoles 3a-d, as versatile precursors to

6-substituted purines [2, 5–10]. Amidines 2a-d were prepared via a multistep

synthesis from diaminomaleonitrile [11–18]. We thus attempted to cyclise the

amidines 2a-d to obtain compounds 3a-d, in 72–80 % yield by treating with

DBU (1,8-diazabicyclo[5.4.0]undec-7-ene) in ethanol [9–13] (Scheme 10.1 and

Table 10.1).
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The spectroscopy results obtained on these compounds 3a-d were satisfactory.

The 1H NMR spectra showed the presence of two broad singlets in the regions of

5.63–7.83 and 7.21–7.41 ppm due to the amine protons and a singlet at

7.21–11.05 ppm for the HC proton of the imidazole ring. The 13C NMR spectra

were fully consistent with the assigned structures. The infrared spectra confirmed

the presence of the NH and C¼N stretching vibrations within the region of

3,450–3,180, and 1,640–1,620 cm�1 respectively. The infrared spectra also showed

a sharp absorption band at 2,300–2,200 cm�1 for the C�N stretching vibration.

The purines 4a-d were prepared by stirring a suspension of the corresponding

2-(5-amino-1-phenyl or benzyl)-4-(cyanoformimidoyl)-1H-imidazoles 3a-d with a

slight excess of dione in acetonitrile at room temperature (Scheme 10.1). The

reactions were monitored by TLC (mixture of dry diethyl ether and chloroform

2:3) and reaction times varied between 20 and 24 h. Depending upon the solvent

used for the reaction and the rate of precipitation, these purines can be isolated as

solids in color from white to green. These were fully characterized by TLC, IR,
1H NMR and mass spectroscopy. The infrared spectra of compounds 4a-d
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N NH2

H
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H2N CN
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OEtH
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Scheme 10.1 Synthesis of 6-carbamoyl-2-alkyl-9-(phenyl or benzyl)-9H-purines; Reagents and
conditions: i, RNH2, PhNH3

+Cl�, r.t., 3–4 h; ii, DBU, EtOH, r.t.; iii, Dione, CH3CN, r.t.

Table 10.1 Synthesis of purines 4a-d

Entry Product R1 R2 Yield (%)

3a 4a 4-(C2H5O)C6H4- CH3- 72

3b 4b 3,4-(CH3O)2C6H3CH2- CH3- 70

3c 4c 3,4-(CH3O)2C6H3CH2- 4-(CH3)2CH-C6H4- 64

3d 4d 3,4-(CH3O)2C6H3CH2- 3,4-(CH3O)2C6H3- 74
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confirmed the presence of the NH and C¼N stretching vibrations within the region

of 3,450–3,010, and 1,650–1,560 cm�1 respectively. The C¼O of the amide group

appeared in the region of 1,680–1,615 cm�1 as a strong band.

In the 1H NMR spectra of the isolated compounds 4a-d, the NH2 protons

appeared as two broad singlets in the range δ 6.29–8.56 ppm, because of combined

intramolecular hydrogen bonding from an amide N-H to an N atom of the

six-member pyrimidine ring and deshielding appears between H of NH2 and

N1 at purine (Scheme 10.2). The H-8 proton of the imidazoles ring was seen as a

sharp singlet in the region of 8.18–9.09 ppm and the aromatic protons showed

the expected patterns in the range of 7.01–7.70 ppm. The high resolution mass

spectra gave a molecular ion peak at 298, 314, 433, 451 (M + 1)+ which fit with

the expected molecular weight of 297, 313, 432, 450 for the purines 4a-d.

The elemental analysis results of purines 4a-d were satisfactory.

The proposed mechanism for formation of purine 4 is as follows: the first

intermediate I was formed by the attack of imine to the carbonyl group of

1,3-dione thereby rearranging it to compound II and III. At the end purine 4 was

formed with removal of the acetone from compound IV (Scheme 10.3).
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Chapter 11

Therapeutic Potential of Common Culinary

Herbs and Spices of Mauritius

Jugjeet S. Ramkissoon, Mohamad F. Mahomoodally,

Nessar Ahmed, and Anwar H. Subratty

Abstract Compounds with combined anti-glycation and antioxidant properties

may offer therapeutic potential for diabetic and oxidative stress related pathologies.

We previously demonstrated significant ( p < 0.05) anti-glycation properties of

culinary herbs and spices by an optimized in vitro glucose-bovine serum albumin

assay. In the present investigation we describe the antioxidant potential of these

plants and the therapeutic potential of dietary compounds as possible anti-glycation

and antioxidant agents. This study was geared to appraise the total antioxidant and

free radical scavenging activities of ten common culinary herbs and spices (Allium
sativum, Zingiber officinale, Thymus vulgaris, Petroselinum crispum, Murraya
koenigii Spreng, Mentha piperita L., Curcuma longa L., Allium cepa L., Allium
fistulosum and Coriandrum sativum L.) commercially available on the Mauritian

market. The total antioxidant capacity as measured by the phosphomolybdenum

method ranged from 0.76 to 2.49 μg AAE/ml. It was observed that the ethanolic

extracts exhibited significant ( p < 0.05) free radical-scavenging potential as

measured by the 2,20-azinobis-(3-ethylbenzothiazoline-6-sulphonic acid) radical

cation assay, ferrous ion chelating assay and the Griess assay. The observed anti-

glycation and antioxidant activity of the extracts together with their previously

reported total phenolic, flavonoid and tannin contents support the therapeutic

value of the plants investigated. Dietary agents interfering in the glycation pathway

might offer new lead compounds geared towards glucose-derived and oxidative

stress related complications. Our findings showed that the herbs and spices studied

possess significant antioxidant and anti-glycation properties and hence can be

exploited as functional foods.
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11.1 Introduction

Plants have historically been an important source of lead molecules in drug discovery

[1, 2]. Several plants have been used as dietary adjuvant and in treating and/or

managing a number of diseases even without any knowledge of their proper functions

and constituents [3]. This practice may be attributed to the cost and side effects of

synthetic agents. Medicinal foods are used widely even when their biologically active

compounds are unknown, because of their safety, effectiveness, and availability

[4]. Various plants have been found to possess significant anti-diabetic properties

[5]. Use of these plants may delay the development of diabetic complications. These

days great attention is being given to management of diabetes with medicinal plants

along with dietary restriction [6]. The World Health Organization (WHO) has

recommended the evaluation of traditional plant treatments for diabetes as they are

cost-effective, non-toxic, with less or no side effects and are considered to be excellent

candidates for oral therapy [7]. There is an increasing demand by patients to use

natural products with anti-diabetic activity [8]. Herbal therapy has been used to treat

various types of disease including diabetes all over the world successfully [9]. The use

of nutraceuticals is an attempt to accomplish desirable therapeutic outcomes with

reduced side effects, as compared with other synthetic therapeutic agents [6].

Plants with known antioxidant and anti-glycation properties are receiving a lot of

attention as they are believed to have less adverse effects [10]. Some plants contain

chemicals that can be used directly as drugs or lead compounds for hypoglycemic

properties useful in the management of diabetic complications [2]. For example

polyphenolic compounds including tannin are known to possess free radical scav-

enging properties [10]. Curcumin from turmeric (Curcuma longa) reduces blood
glucose levels in type 2 diabetic mice [11]. Green tea (Camellia sinensis)
polyphenols are reported as useful agents to protect against protein oxidation and

glycation-induced pathogenesis of diabetic complications [12]. In recent years,

garlic (Allium sativum) has received attention because of its ability to inhibit

formation of advanced glycation endproducts (AGEs) [13, 14]. In this report we

emphasize the anti-glycation as well as antioxidant properties from plant material.

However, many other active agents obtained from plants have not been well

characterized. More investigations must be conducted to evaluate the mechanism

of action of medicinal plants with anti-diabetic and antioxidant effects. Conse-

quently, it is necessary to perform toxicological investigation of all plants empiri-

cally used in order to avoid the risk of the side effects related to phytotherapy [15].

In searching for new therapeutic agents, our research aimed to evaluate anti-

glycation and antioxidant potential of ethanolic extracts of ten selected culinary herbs

and spices and to measure the impact of polyphenolic constituents on their effective-

ness.We have previously reported the total phenolic, flavonoids and condensed tannins

of these herbs [16]. Free radical scavenging activities had also been demonstrated by

2,2-diphenyl-1-picrylhydrazyl (DPPH) and ferric-reducing antioxidant power (FRAP)

assays. In this report, we complement those data with additional antioxidant assays

such as the total antioxidant capacity (TAC), 2,20-azinobis-(3-ethylbenzothiazoline-6-
sulphonic acid) ABTS assay, nitric oxide (NO) scavenging assay and ferrous ion

chelating (FIC) assay.
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11.2 Methodology

11.2.1 Chemicals

Bovine serum albumin (BSA; fraction V, fatty acid free, low endotoxin), D-glucose,

sodium azide, phosphate buffered saline (PBS), aminoguanidine, ascorbic acid,

trichloroacetic acid, gallic acid, anhydrous sodium carbonate, ethanol, methanol

100 %, iron(III) chloride 6-hydrate, potassium ferricyanide, potassium dihydrogen

phosphate and dipotassium hydrogen phosphate, NaNO2, AlCl3, 1M NaOH, vanillin

methanolic solution, concentrated hydrochloric acid (HCl), potassium persulfate,

ABTS 2,20-azinobis-(3-ethylbenzothiazoline-6-sulphonic acid), naphthyl ethyle-

nediamine dihydrochloride, sodium nitroprusside, sodium phosphate, ammonium

molybdate, sulphuric acid, and quercetin were purchased from Sigma-Aldrich

(St. Louis, USA).

11.2.2 Plant Materials and Preparation of Extracts

Culinary herbs and spices were purchased from a local market. Ten commercially

available herbs and spices were tested namely garlic (Allium sativum), ginger
(Zingiber officinale), thyme (Thymus vulgaris), parsley (Petroselinum crispum),
curry leaves (Murraya koenigii Spreng), peppermint (Mentha piperita L.), turmeric

(Curcuma longa L.), onion (Allium cepa L.), green onion scallion (Allium
fistulosum) and coriander (Coriandrum sativum L.). The study was limited to

products that are widely available to the public and are in routine use for daily

food cooking in Mauritius. Fresh culinary herbs and spices were ground into a paste

and 5 g of the latter were extracted with ethanol (50 %) at a ratio of 10 ml per gram

at room temperature (28 � 2 �C) for 1 week. The extracts were centrifuged at

1,000 g for 10 min to remove precipitate.

11.2.3 Anti-Glycation Assay

Albumin glycation was determined using fluorometry as described by Matsuura

et al. [17]. Briefly, 1 mg/ml of fatty acid-free BSA was incubated with D-glucose

(200–400 mM) � 100 μl of extracts in 0.2 M potassium phosphate buffered saline

(PBS, pH 7.4 containing 0.01 % sodium azide) at 37 �C for defined time periods.

Aliquots of the reaction mixture were removed at weekly intervals and fluorescent

AGEs were assessed by their emission at 440 nm following excitation at 370 nm

using a spectrofluorimeter (F-7000 FL) as described previously [16]. The reactions

were stopped by adding 10 μl of 100 % (w/v) trichloroacetic acid and after 10 min

the mixture was centrifuged at 1,000 g. The precipitate was re-dissolved in alkaline

PBS and quantified for the relative amount of fluorescent AGEs. Aminoguanidine

(20 mM) was included as positive control.
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11.2.4 Determination of Total Antioxidant Capacity
by Phosphomolybdenum Method

The total antioxidant activity was evaluated by the method of Prieto [18]. An

aliquot of 0.2 ml of extracts was combined with 2 ml of reagent (0.6 M sulphuric

acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The tubes were

capped and incubated in a water bath at 80 �C for 90 min. After cooling the sample

to room temperature, the absorbance of the solution was measured at 695 nm

against blank using a Perkin-Elmer spectrophotometer. For reference, the appropri-

ate solution of ascorbic acid was used and the reducing capacity of the extracts was

expressed as ascorbic acid equivalents.

11.2.5 ABTS: 2,20-Azinobis(3-ethylbenzothiazoline-
6-sulphonic acid) Assay

The ABTS assay according to Chen et al. [19] was used to measure the antioxidant

activity of the extracts. ABTS was dissolved in distilled water to a concentration of

7.4 mM, and potassium persulfate was added to a concentration of 2.45 mM. The

reaction mixture was allowed to stand at room temperature for 16 h in the dark

before use. The resulting intensely colored ABTS•+ radical cation was diluted with

0.01 M PBS (phosphate-buffered saline), pH 7.4, to give an absorbance value of

~0.70 at 734 nm. ABTS•+ cation solution (2 ml) was mixed with 100 μl extract.
Absorbance was measured at 734 nm after reaction for 6 min. The ABTS scaveng-

ing activity was calculated as inhibition % ¼ (1-(test sample absorbance/blank

sample absorbance)) � 100. Quercetin was used as positive control.

11.2.6 Ferrous Ion-Chelating Ability Assay

The ferrous ion-chelating (FIC) assay was carried out according to the method of

Viuda-Martos et al. [20], with some modifications. Solutions of 0.2 mM

FeCl2·4H2O and 0.5 mM ferrozine were diluted 20 times. Briefly, an aliquot

(0.5 ml) of different extracts was mixed with 0.5 ml FeCl2·4H2O. After 5 min

of incubation, the reaction was initiated by the addition of ferrozine (0.5 ml).

The mixture was shaken vigorously and after a further 10 min incubation period,

the absorbance of the solution was measured spectrophotometrically at 562 nm. The

percentage inhibition of ferrozine–Fe2+ complex formation was calculated by using

the formula: Chelating effect % ¼ [(1 – AS)/AB] � 100, where AS is the absor-

bance of a tested sample and AB is the absorbance of control sample (the control

contains FeCl2 and ferrozine complex formation molecules). Gallic acid was

included as a standard.
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11.2.7 Nitric Oxide Radical Inhibition Assay

Nitric oxide radical inhibition can be estimated by the use of Griess Illosvoy

reaction [20]. In this assay, Griess Illosvoy reagent was modified by using naphthyl

ethylenediamine dihydrochloride (0.1 % w/v) instead of 1-napthylamine (5 %). The

reaction mixture (3 ml) containing sodium nitroprusside (10 mM, 2 ml), phosphate

buffer saline (0.5 ml) and extracts (0.25 ml) or standard solution (quercetin) was

incubated at 25 �C for 2.5 h. After incubation, 0.5 ml of the reaction mixture was

mixed with 1 ml of sulfanilic acid reagent (0.33 % in 20 % glacial acetic acid) and

allowed to stand for 5 min for complete diazotization. Then, 1 ml of naphthyl

ethylenediamine dihydrochloride was added, mixed and allowed to stand for 30 min

at 25 �C. A pink coloured chromophore was formed in diffused light. The absor-

bance of these solutions was measured at 540 nm against the corresponding blank

solutions.

11.2.8 Statistical Analysis

Results were presented as mean � S.D. of experiments. Difference between groups

was compared using unpaired t-test with one-tailed test. Correlations between

variables were quantified by the correlation factor “r”. Correlation and linear

regression analysis was performed using Microsoft Excel 2007. In each analysis

p < 0.05 was considered statistically significant.

11.3 Results and Discussion

AGE formation and accumulation have been implicated as a major factor in the

development of diabetic complications, atherosclerosis, Alzheimer’s disease, and

the normal aging process [21]. Linked to the process of AGE formation,

lipoxidation reactions, oxidative and carbonyl stress should also be given as

much attention where their tight association is now being increasingly reported

[22]. Thus, AGE formation and AGE-protein cross-link formation should not be the

only target for therapeutic interventions. Highly reactive carbonyl intermediates

responsible for the formation of AGEs and advanced lipoxidation end-products

(ALEs) should also be targeted. As formation of these end-products involves a

complexity of pathways and reactions, inhibitors that react with each step and

intermediate products should be evaluated. Another factor to be considered is the

fact that glycoxidized proteins generate reactive oxygen species (ROS) and induce

oxidative stress through the reaction with receptor for advanced glycation

end-products (RAGEs). Also, ROS are generated by other reactions in the cascade

of AGE formation such as methylglyoxal (MGO) and Schiff’s base pathways
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leading to lipoxidation and oxidative damage. Therefore, strategies such as

suppression of receptor signaling pathways (e.g. RAGE antagonists), and the use

of antioxidants should be targeted. AGEs being complex and having a variety of

cross-links, the development of inhibitors and AGE breakers might be difficult.

Nonetheless, oxidative and carbonyl stress associated with AGEs can be inhibited

by compounds having both metal chelating and carbonyl scavenging properties

[23]. Unfortunately, from a large number of naturally occurring and synthetic

compounds reported as AGE inhibitors, only the mechanism of action of a few

compounds have been studied extensively. Unraveling the mechanism(s) of action

of these inhibitors is essential for understanding the roles of AGE in the pathogen-

esis of a number of age-related chronic diseases and to design more effective

therapeutic strategies for these diseases in the future [23].

During the current study, we focused our efforts to evaluate effective anti-

glycation as well as antioxidant ability of extracts of culinary herbs and spices

with the objective to be incorporated as therapeutic strategy in diabetes control and

prevention. Our main approach was to screen a number of natural products.

Furthermore, the purpose of this study was also to investigate the antioxidant

activity of some local herbs and spices in order to evaluate the scientific basis of

their potential therapeutic application as traditional medicine. All the herbs and

spices tested in this study showed antioxidant activities. Based on the screening

studies, the most promising compounds were selected to conduct further studies.

Some of these results are presented below.

Hence, results gathered from our study and a literature search is suggestive of

“Formulation” a concept of combining herbs with similar therapeutic activity.

There is no doubt that most herbs exhibit their effects owing to a variety of

constituents and therefore it becomes important to evaluate the idea of synergy

within and between them and to investigate whether a mixture or formulation

possesses greater activity than the individual components or whether the overall

potency is synergistic in mechanism. However, more detailed pre-clinical and

clinical evidences are required to establish these purported potencies.

11.3.1 In vitro Anti-Glycation Activity of Extracts

In vitro glycation assays demonstrated that the ten extracts showed marked inhibi-

tion of fluorescent AGEs formation as depicted in Fig. 11.1. When glycation was

monitored over 12 weeks the percentage inhibition was found to be: garlic (26.1 %),

ginger (25.7 %), thyme (42.3 %), parsley (41.2 %), curry leaves (40.9 %), pepper-

mint (39.8 %), turmeric (39.3 %), onion (11.9 %), scallion (27.9 %) and coriander

(38.8 %). The correlation between anti-glycation activities of the ten extracts and

their total phenolic contents, DPPH and FRAP activities has been presented

elsewhere [16].
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11.3.2 Determination of Total Antioxidant Capacity
by Phosphomolybdate Method

The antioxidant activities as measured by the TAC assay are depicted in Fig. 11.2

and are as follows: garlic (0.0025 mg AAE/ml), ginger (0.0015 mg AAE/ml),

thyme (0.0011 mg AAE/ml), parsley (0.0009 mg AAE/ml), curry leaves

(0.0010 mg AAE/ml), peppermint (0.0012 mg AAE/ml), turmeric (0.0010 mg

AAE/ml), onion (0.0015 mg AAE/ml), scallion (0.0010 mg AAE/ml) and coriander

(0.0008 mg AAE/ml).

11.3.3 ABTS Assay

All the ten extracts displayed antioxidant activity as they were able to scavenge the

ABTS•+ radical cation (Fig. 11.3). The ABTS assay involves the oxidation of ABTS

to an intensely-coloured nitrogen-centred radical cation, ABTS•+. It is thus useful

for testing food extracts because ABTS•+ has an absorption maxima at 734 nm and

most food extracts are highly coloured but do not absorb light at 734 nm. It is also

viable for both aqueous and lipophilic systems. As the DPPH assay, ABTS

measures the total antioxidant activity of extracts. The antioxidant ability of the

extracts expressed as the percentage scavenging activity of the radical cation

ABTS•+ was as follows: garlic (47 %), ginger (51 %), thyme (95 %), parsley

(84 %), curry leaves (98 %), peppermint (97 %), turmeric (95 %), onion (98 %),

scallion (69 %) and coriander (38 %).

Fig. 11.1 Anti-glycation activity of the ten food plants. Percentage inhibition of fluorescent AGEs

following glycation of BSA with 200 mM glucose in the presence of ten extracts in 0.2 M PBS at

37 �C. Fluorescent AGEs were measured after 12 weeks. Results are presented as means � S.D.

(n ¼ 3) (*Values significantly different ( p < 0.05) from control)
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Fig. 11.2 Total antioxidant capacities of the ten extracts. Results are presented as mean � S.D.

(n ¼ 3) (*Values significantly lower ( p < 0.05) compared to positive control ascorbic acid.

**Values not significantly ( p > 0.05) different from ascorbic acid)

Fig. 11.3 ABTS radical assay. Percentage scavenging activity of the ten extracts. Results are

presented as mean � S.D. (n ¼ 3) (*Values significantly lower ( p < 0.05) compared to positive

gallic acid. **Values not significantly ( p > 0.05) different from gallic acid)
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11.3.4 Ferrous Ion Chelating Ability

Addition of the extracts interferes with the ferrous-ferrozine complex and the red

colour of the complex decreased with increasing concentrations of the antioxidant

agents. All the extracts captured ferrous ions before ferrozine and thus have ferrous

chelating ability at varied extent (Fig. 11.4). Among the extracts tested, the chelat-

ing activities were as follows: garlic (37 %), ginger (24 %), thyme (2 %), parsley

(18 %), curry leaves (27 %), peppermint (19 %), turmeric (13 %), onion (40 %),

scallion (46 %) and coriander (48 %).

11.3.5 Nitric Oxide Radical Scavenging Assay

The extracts effectively reduced the generation of nitric oxide from sodium

nitroprusside (Fig. 11.5). The nitric oxide radical scavenging activity expressed

as percentage inhibition was as follows: garlic (62 %), ginger (67 %), thyme (84 %),

parsley (81 %), curry leaves (79 %), peppermint (73 %), turmeric (71 %), onion

(86 %), scallion (85 %) and coriander (83 %).

A wide range of antioxidants from both natural and synthetic origin have been

proposed for use in the treatment of various human diseases [23]. Medicinal plants

are used as a source of phytochemicals to cure various illnesses in many parts of the

world [24]. Being the backbone of traditional medicine, medicinal plants as a good

source of biologically active compounds known as phytochemicals have been

Fig. 11.4 Ferrous ion chelating activity. Percentage inhibition of the formation of the ferrous-

ferrozine complex of the ten extracts. Results are presented as mean � S.D. (n ¼ 3) (*Values

significantly lower ( p < 0.05) compared to positive gallic acid. **Values significantly ( p < 0.05)

higher than positive control. ***Values not significantly ( p > 0.05) different from gallic acid)
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found to act as antioxidants by scavenging free radicals and having therapeutic

potential for free radical associated disorders [25] as it is well known that free

radicals are the major cause of various chronic and degenerative diseases such as

coronary heart disease, inflammation, stroke, diabetes mellitus and cancer

[26]. ROS have been found to play an important role in the initiation and/or

progression of various diseases [27]. Thus, recent studies have investigated the

potential of plant products as antioxidants against various diseases induced by free

radicals [28]. Additionally, it has been determined that the antioxidant effect of

plant products is mainly attributed to phenolic compounds, such as flavonoids,

phenolic acids, tannins, and phenolic diterpenes [29]. In this regard, during our

study we investigated the glycation inhibitory capacity which was correlated with

total phenolic, flavonoids and tannins contents of the extracts [16]. As AGEs are

related to reactive species, antioxidants have therapeutic potential by scavenging

free radicals but also suppress glycation. Antioxidant compounds such as

vitamin C, vitamin E and the carotenoids have been shown to reduce in vitro and

in vivo protein glycation [30]. For example, treatment of diabetic rats with vitamin

E resulted in a decrease of plasma lipid peroxidation [31]. Therefore, antioxidant

activity of the plants used in herbal medicine should be assessed either to elucidate

the mechanism of their pharmacological action or to provide information on

antioxidant activity of these herbal plants. Dietary intake of antioxidants can help

scavenge free radicals and oxidants and protect against diseases as suggested by

intervention trial studies [32]. Research on natural antioxidants has become increas-

ingly active in various fields. Accordingly, numerous articles on natural

antioxidants, including polyphenols, flavonoids, vitamins, and volatile chemicals,

have been published [15]. Phenolics are ubiquitous secondary metabolites in plants

Fig. 11.5 Nitric oxide radical scavenging assay. Percentage scavenging activity of the ten

extracts. Results are presented as mean � S.D. (n ¼ 3) (*Values not significantly ( p > 0.05)

different from positive control quercetin. **Values significantly lower ( p < 0.05) compared to

quercetin)
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and possess a wide range of therapeutic uses such as antioxidant, anti-mutagenic,

anti-carcinogenic, free radical scavenging activities and also decrease cardiovascu-

lar complications [33]. The scavenging ability of the phenolics is mainly due to the

presence of hydroxyl groups [34]. Flavonoids and other phenolic compounds of

plant origin have been reported as scavengers of free radicals [35]. Flavonoids are a

group of polyphenolic compounds, which exhibit several biological effects such as

anti-inflammatory, anti-hepatotoxic, anti-ulcer, anti-allergic, antiviral and antican-

cer activities [36]. Hence, nowadays search for natural antioxidant sources is

gaining much importance.

Medicinal plants have been reported to have not only antioxidant but also anti-

inflammatory as well as anti-glycation effects [37]. Natural products are an obvious

place to search for potential anti-diabetic regimens. Several plant extracts have

been reported to exhibit anti-diabetic activity [38]. Among the various medicinal

and culinary plants, some endemic species are of particular interest because they

may be used for producing raw materials or preparations containing phyto-

chemicals with significant antioxidant capacities and health benefits [39]. The

harmful effects of diabetes have been found to be mediated through increased

oxidative stress playing a critical role which leads to increased formation and

accumulation of AGEs contributing to diabetic complications [15].

In addition to those endogenously formed, AGEs can also be introduced in the

body from exogenous sources [40]. Studies have provided evidence that diet is a

significant exogenous source of highly reactive AGEs and as environmental risk

factors for diabetic complications [41]. To some extent this can be prevented by

dietary AGE restriction and incorporation of edible plants with demonstrated anti-

glycation and antioxidant properties suggesting that modulation of food-AGE

content could become an important ingredient for the therapeutic management of

diabetic patients. Until effective and safe drugs become available, physicians and

dietitians can, for instance, advise increased reliance on foods with anti-glycation

and antioxidant activity. As temporary normalization of serum glycemia is not

sufficient, dietary modification to reduce AGEs and prevent glycation can be

exploited as a means for reducing serum AGEs for extended periods of time

e.g. months or years [42]. Ethnomedical literature contains a large number of plants

that can be used against diseases, in which ROS and free radicals play an important

role [43]. There is a plethora of plants that have been found to possess strong

antioxidant activity. Recent reports indicate that there is an inverse relationship

between the dietary intake of antioxidant rich foods and the incidence of human

diseases [44]. Interest in finding naturally occurring antioxidants in foods or

medicines to replace synthetic antioxidants has increased considerably, given that

synthetic antioxidants have restricted use due to their side effects [6]. The potential

toxicity of synthetic antioxidants (e.g. butylated hydroxyanisole, butylated

hydroxytoluene, tertiary butylhydroquinone, esters of 3,4,5-trihydroxybenzoic

acid, etc.) [45] has aroused an increased interest and scientists have focused on

isolation and characterization of natural antioxidants from natural sources such as

herbs, spices, seeds, cereals, fruits and vegetables by extraction, fractionation and

purification [46].
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It is also clear that most of the dietary antioxidants have low or minimal toxicity,

and that intake can be increased without adverse effects [47]. Many fresh fruits and

vegetables have been found to contain natural antioxidants, mainly phenolic

compounds such as ferulic acid, catechins, as well as ascorbic acid [48]. Polyphenols

are the biggest group of phytochemicals, and many of them have been found in plant-

based foods. Polyphenol-rich diets have been linked to many health benefits. Dietary

polyphenols have received tremendous attention among nutritionists, food scientists

and consumers due to their roles in human health [49]. Some of the reported active

compounds of the extracts studied are given in Table 11.1.

Our observation that high values of antioxidant activity and phenolic content

were found in ethanol extracts is in line with reported data [16]. In general, there

was a good positive correlation between the TPC and antioxidant activity as

assessed by FRAP and DPPH-scavenging assays suggesting that polyphenols are

important contributors to the antioxidant and free-radical scavenging activities.

However, the lack of correlation between TPC and antioxidant activity reported

in some studies could be due to the different antioxidant activity parameters

determined in these studies, different responses of phenolic compounds in different

bioassays used to determine the antioxidant activity and/or the chemical structure of

the phenolic compounds present in different plants. Moreover, the total phenolic

content estimated by the Folin-Ciocalteu reagent may overestimate TPC because

it is known to react with other components present in the plant extracts such as

Table 11.1 Active chemicals isolated from the culinary herbs and spices studied

Plant Active compounds

Garlic S-allylcysteine, S-ethylcysteine, S-propylcysteine, S-methylcysteine, kaempferol,

allixin and saponins [11, 50]

Ginger 6-Gingerdiols, 6-shogao, ascorbic acid, beta-carotene, beta-sitosterol, caffeic acid,

capsaicin, chlorogenic acid, delphinidin, ferulic acid, gamma-terpinene,

kaempferol, lauric acid, palmitic acid, quercetin [51, 52]

Thyme Thymol, 4-terpineol, anethole, apigenin, ascorbic acid, beta-carotene, caffeic acid,

camphene, carvacrol, chlorogenic acid, chrysoeriol, eriodictyol, eugenol,

ferulic acid, gallic acid, gamma-terpinene, isochlorogenic acid, kaempferol,

labiatic acid, luteolin, p-coumaric acid, p-hydroxy-benzoic acid, rosmarinic

acid, tannin [51, 52]

Parsley Flavonoids: apiin, apigenin, crisoeriol, luteolin, myristicin, limonene, eugenol,

alpha-thujene [53]

Curry leaves Carbazoles, mahanimbine, murrayanol, mahanine [53]

Peppermint Perillyl alcohol, rosmarinic acid, tetramethyl-2-hexadecen-1-ol, Octadecadienoic

acid, pulgeone, piperitenone [54]

Turmeric Diferuloylmethane, ascorbic acid, beta-carotene, caffeic acid, eugenol, p-
coumaric acid, protocatechuic acid, syringic acid, vanillic acid [52, 55]

Onion Quercetin, arachidonic acid, catechin, epicatechin, thiosulfinates [56]

Scallion S-allyl cysteine, S-allyl-mercaptocystein, furostane saponins, quercetin,

isorhametin, thiosulfinates [57, 58]

Coriander Apigenin, beta-carotene, beta-sitosterol, caffeic acid, camphene, chlorogenic acid,

gamma-terpinene, isoquercitrin, myristic acid, p-hydroxybenzoic acid,
protocatechuic acid, quercetin, rhamnetin, rutin, tannin [52]
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minerals and ascorbic acid [59, 60]. Consequently, the antioxidant/free-radical

scavenging activities of the plant extracts cannot be predicted on the basis of

their TPC alone, but also requires proper characterization of the individual phenolic

components [61].

The results of the current study have shown that most of the studied plants are

potentially good sources of free-radical scavenging compounds and support the

traditional medicinal application of some of the tested plants. During this study, we

systematically screened extracts of medicinal and edible plants used as culinary

herbs and spices for their anti-glycation activities through biochemical assay. BSA

was incubated with reducing sugar at physiological pH for various durations. The

extent of glycation of proteins was measured mainly by the spectrofluorimetric

method. As a result, the ten extracts under study were identified as having anti-

glycation potential and their activities were compared with aminoguanidine. The

total phenolic, flavonoids, tannins contents and antioxidant activity as determined

by the DPPH and FRAP assays were correlated with the observed anti-glycation

activity. Details of this study have been published elsewhere [16]. The phenolic

compounds make a significant contribution to the antioxidant activity in these

extracts as evidenced by the positive correlation between phenolic contents and

antioxidant activities. Therefore, ingestion of extracts from these plants may help

to prevent in vivo oxidative damage associated with diseases and illnesses.

11.4 Conclusions

The present study was aimed at investigating the antioxidant activities of ethanolic

extracts of selected culinary herbs and spices. It is reasonable to consider that good

glycemic control, in combination with a careful diet in terms of reduced AGE

consumption and increased intake of natural products with anti-glycation and

antioxidant properties should be among the new goals for optimal management of

diabetic patients. Addressing dietary habits from a new perspective, while difficult,

could achieve the best long-term effects as novel drug interventions become

available for clinical use in the future.

Comparison of nutritional regime and values of AGEs shows that the higher

intake of fructose in alternative nutrition of healthy subjects may cause an increase

in plasma AGE values. Protective effect of regular consumption of vegetables and

fruits dominantly concerns the prevention of free-radical diseases. The risks of

alternative nutrition may be reduced by better choice of foodstuffs.

Further studies to evaluate the in vivo potential of these dietary agents in various
animal models and the isolation and identification of the antioxidant principles are

needed. Nonetheless these studies provide a database as a valuable instrument

for available information on natural products with reported therapeutic ability for

guiding food choices to reduce AGE and oxidative stress.
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Chapter 12

Metal Burden as Template for Assessing

the Quality of Raw Water Sourced

from Two Rivers by Lagos State

Water Corporation, Nigeria

Adeleke Adeniyi, Olawale Osifeko, Olabisi Owoade, Yusuf Omotayo,

A. Emelia, Aminah Ibrahim, and Raheemot Balogun

Abstract Water and surface sediment samples from three different points of

River Owo at Isashi and Ogun River at Akute Odo were collected and quantita-

tively analyzed for metals burden. The two rivers serve as sources of raw water

processed by the Lagos State Water Corporation for domestic and industrial

consumption. The levels of lead, cadmium, copper, calcium and zinc in the samples

were determined by atomic absorption spectrometry. The results obtained revealed

high mean values of calcium in both water and sediment samples. Metals concen-

tration (mg/l) in water samples are within the Nigeria’s background values (NBV):

ND–0.46 (Pb), ND–0.35 (Cd), ND–0.78 (Cu), 8.47–330.00 (Ca) and ND–1.89 (Zn).

However, cadmium and calcium levels in sediment samples exceeded the NBV (μg/g)
with ND–2.02 and 0.24–87.50 respectively. Similarly, with the exception of lead

and cadmium, all other metals in the water samples are found to be within the World

Health Organization (WHO) limit set for drinking water. Correlation coefficient

and statistical t-test were used to test for statistical significant differences at 95 %

confidence level. The levels of cadmium and lead especially in the water samples give

cause for concern considering their potential health risk.

12.1 Introduction

Lagos is a state surrounded by water and as such it is assumed that water would

be easily accessible to the populace. The raw waters in the lagoons surrounding

Lagos are not fit for human consumption. The large expanse of freshwater around

A. Adeniyi (*) • O. Osifeko • O. Owoade • Y. Omotayo • A. Emelia • A. Ibrahim • R. Balogun

Department of Chemistry, Lagos State University, Ojo P.M.B 0001, LASU Post Office,

Badagry Expressway, Ojo, Lagos, Nigeria

e-mail: lekeadeniyi@yahoo.com; osifekoo@yahoo.com; owoadeb@yahoo.com;

yomi_boyce@yahoo.co; emi_solar@yahoo.com; lekeadeniyi@yahoo.com;

adewunmibalogun32@yahoo.com

M. Gupta Bhowon et al. (eds.), Chemistry: The Key to our Sustainable Future,
DOI 10.1007/978-94-007-7389-9_12, © Springer Science+Business Media Dordrecht 2014

163

mailto:lekeadeniyi@yahoo.com
mailto:osifekoo@yahoo.com
mailto:owoadeb@yahoo.com
mailto:yomi_boyce@yahoo.co
mailto:emi_solar@yahoo.com
mailto:lekeadeniyi@yahoo.com
mailto:adewunmibalogun32@yahoo.com


Lagos is equally not potable since it does not meet the World Health Organization

standards [1].

Changes in any component of the environment may cause discomfort and affect

normal life, consequently protection of our environment must be given the highest

priority [2]. The river and other water bodies is the ultimate repository of man’s

wastes [3, 4].

Water is one of the basic requirements for human daily life; the problem of water

pollution is increasingly becoming acute as a result of increasing population,

urbanization and industrialization [1, 4, 5].

Metals such as cadmium, lead and mercury are known to be toxic with no

beneficial effects to man and wildlife [6]. Cadmium and lead are stable and

persistent environmental pollutants and are known to exhibit extreme toxicity

even at low levels under certain conditions [7]. Meanwhile interests in metals like

copper and zinc which are required for metabolic activity in organisms lie in the

narrow “window” between their essentiality and toxicity [8]. Calcium is involved in

many chemical cycles that take place in water bodies [9]. Contamination with

heavy metals may have devastating effect on the ecological balance of the aquatic

environment and the diversity of aquatic organism becomes limited [10].

The nature of metals present in rivers depends on ore-bearing deposits in the

catchment area, the discharges of human wastes and discharges when the river

passes through urban and industrial areas [11, 12].

As a result of adsorption and accumulation, the concentration of metals in

bottom sediments is expected to be higher than in the water above and this

sometimes can cause secondary pollution problems, therefore bottom sediments

are repository of heavy metals [13]. Trace elements are easily influenced by

environmental factors such as surface run-off, atmospheric deposition and anthro-

pogenic pollutants. Hence trace metals may be sensitive indicators for monitoring

changes in an aquatic environment [14].

There are global concerns that the direct usage of water above permitted limits

could cause adverse health effects [15–17]. These concerns are manifested in

the significantly large number of freshwater metal contamination studies across

different countries. Representative global studies reviewed are from Nigeria, South

Africa, USA, India, Bangladesh, Egypt, Turkey, Macedonia, Pakistan and Greece

[18–24].

In Lagos State Waterworks fed by the two rivers used for this study, harvested

raw water is dosed with alum in the sedimentation tank. It then goes into a filtration

bed; calcium hypochlorite is added to the filtered water, allowed to stand for a while

before hydrated lime (Ca(OH)2) is used to readjust the pH. The treated water is

then released for consumption. It is apparent that this traditional water treatment

protocol used by the Water Corporation may not be able to adequately treat raw

water with high levels of contaminants. The purpose of this study is to use metal

burden as template to assess the quality of raw water sourced from two rivers by the

Lagos State Water Corporation, Nigeria. No previous work on these locations has

been reported.
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12.2 Methodology

12.2.1 Study Area

The study areas are the Ogun River at Akute Odo in Ifo Local Government Area of

Ogun State and River Owo at Isashi in Ojo Local Government Area of Lagos State,

Nigeria (Fig. 12.1). The two rivers are the sources of raw water processed by Iju,

Adiyan and Isashi Water Works respectively.

Three sampling stations were established to cover possible impacted areas.

The locations of various representative sampling points are: Point A, Entrance

point; Point B, Middle point; Point C, Point of raw water collection.

The metals, cadmium, lead, copper, zinc and calcium were selected for

this study. Previous studies have implicated these metals as the major contaminants

associated with rivers flowing through urban cities and agricultural settlements

[9, 18, 25].

Fig. 12.1 Sketch map showing sampling locations
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12.2.2 Sampling and Analyses

Surface water and sediment samples were collected at 2 weeks intervals for a period

of 4 months (May – August, 2011).

Water samples were collected using plastic containers while the sediment

samples were collected with the help of divers using plastic containers. The pH

of the water samples was determined on site. The water samples were then acidified

with conc. HNO3 and stored in a refrigerator prior to metal analyses [26].

The sediments samples were air dried and passed through a 2 mm sieve [7].

The pH of the sediment was measured by taking about 5 g of sediment samples and

adding 20 ml of distilled water using a Jenway 3505 pH meter.

Analysis of metals was based on the method previously reported for metal

analysis by Adeniyi et al. [7]. Five metals, lead (Pb), cadmium (Cd), copper (Cu),

calcium (Ca) and zinc (Zn) were determined in an air-acetylene flame using a Buck

Scientific 200A Atomic Absorption Spectrophotometer.

12.2.3 Data Analysis

Data collected from each parameter were subjected to computation and statistical

analysis followed by the correlation coefficients between the metals concentrations

in water and the sediments.

12.3 Results and Discussion

Tables 12.1 and 12.2 show the mean levels of pH and metals concentration in water

and sediment samples collected respectively from River Owo at Isashi and Ogun

River at Akute Odo. The water pH value ranges from 6.78 to 7.38, the values falling

within the NBV of 5.70–7.79 [7, 27–29]. Similarly, the values are within the WHO

limits (6.50–8.50) for drinking water, and 6.1–8.9 reported earlier for Umtata River,

South Africa [18, 30]. However, the northern Greece river values of 7.7–8.6 [23]

were higher than the values in this study.

Nevertheless, the pH values of the sediment samples are fairly acidic ranging

from 5.93 to 6.87. These values pose a threat to aquatic life as decrease in pH

aggravates toxicity [7] and this may be attributed to agricultural and industrial

activities upstream. The values for this study fall within the reported sediments

NBV of 4.02–8.73 [7, 27–29].

The mean metals concentration of sediment samples as captured in Table 12.2 is

generally higher than that of water samples (Table 12.1) in the two rivers. This is

due to the fact that sediment serves as a bottom sink for all the activities in the

aquatic ecosystem [3, 6]. Calcium has the highest levels of the metals determined.
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The trend in metals distribution is of the order of Ca > Pb > Zn > Cd > Cu for

water and Ca > Cu > Pb > Zn > Cd for sediments respectively. Similar river

sediment and water metal distribution trends have been observed for River

Buriganga, Dhaka, Bangladesh and the Cochin estuary and Periyar River, in the

southwest coast of India [19, 23].

The concentrations of the metals are higher in River Owo at Isashi when

compared with those of Ogun river at Akute Odo water and sediment samples

(Tables 12.1 and 12.2). These higher values are not unexpected because of the

proximity of Agbara Industrial Estate to River Owo.

All the elements analyzed in the water samples for both rivers are within

the NBV. Pb (0.27–0.34 mg/l) and Cd (0.03–0.08 mg/l) exceed the WHO limit of

0.05 and 0.005 mg/l respectively. However, levels of Cu, Ca and Zn are within the

WHO limit set for drinking water. The elevated levels of lead and cadmium in the

river water samples are of toxicological and ecotoxicological concern. This may

result in adverse health effects arising from bioaccumulation in tissues of living

organisms [31, 32].

Metals in river water samples reported for rivers outside Nigeria were as follows

(mg/l): 0.24–1.11 (Pb), 0.01–0.26 (Cd), 0.10–0.53 (Cu) and 0.07–0.12 (Zn) for

Umtata River, South Africa; 1.10–3.90 (Pb), 13.0–51.0 (Cu) and 5.0–142.0

(Zn) for Bindal River, Dehradum, India; 0.14–0.59 (Pb), 0.09–0.24 (Cd),

1.22–2.76 (Cu) and 0.19–0.42 (Zn) for River Buriganga, Dhaka, Bangladesh;

<0.005–0.38 (Pb), 0.002–0.003 (Cd), 0.002–0.041 (Cu) and 0.01–0.02 (Zn) for

Nile Delta in Egypt; 0.0003–0.0190 (Pb), 0.0001–0.0012 (Cd) and 0.01–0.02

(Zn) for Avsar Dam Lake, Turkey. The values for Pakistan and Greece were as

follows (mg/l): 0.01–2.43 (Pb), 0.001–3.129 (Cd), Not detected–3.0 (Cu) and

0.01–0.70 (Zn) for Indus River, Sindh province, Pakistan; 1.0–16.0 (Pb),

0.10–0.60 (Cd), 2.0–7.0 (Cu) and 20.0–157.0 (Zn) in northern Greece rivers.

These global values, many of which exceed the WHO limits for drinking water,

are an indication of the level of freshwater contamination arising from increasing

urbanization and industrialization [15, 18, 20–23, 25, 27, 33]. National, trans-

national and local authorities must therefore brace up to address the issue of water

contamination in a sustainable manner.

Pb, Cu and Zn in River Owo sediment samples are all within the reported NBV

(μg/g): ND–405.00 (Pb), ND–249.50 (Cu) and 0.04–429.10 (Zn), whereas Cd

(1.79–2.05 μg/g) and Ca (2616.87–4893.28 μg/g) exceed the NBV (μg/g) of

ND–2.02 and 0.24–87.50. On the other hand, it is only the levels of Ca

(23.26–90.38 μg/g) in Ogun river at Akute Odo sediment samples that exceed the

NBV of 0.24–87.50 μg/g.
The global sediment metals background values as captured from earlier studies

are: 0.64–2740.0 μg/g (Pb), 0.33–17.26 μg/g (Cd), 13.00–255.82 μg/g (Cu) and

7.5–3050.0 μg/g (Zn). These values along with those of this study reveal substantial
global contamination of river sediments [19–22, 24, 34]. The United States Envi-

ronmental Protection Agency (USEPA) classifies natural sediments with >6 μg/g
(Cd), >50 μg/g (Cu) and >60 μg/g (Pb), as being heavily contaminated [12].

12 Metal Burden as Template for Assessing the Quality of Raw Water Sourced. . . 169



The statistical t-test analysis comparing results obtained from the two rivers

(Tables 12.1 and 12.2) reveal non-significant differences at 95 % level of confi-

dence. This shows that the metals burden in the two rivers are not statistically

different. Generally, the correlation obtained in the metals concentration

(Table 12.3) between the water and sediment samples in both rivers is small and

negative giving a non-significant difference at 95 % level of confidence.

Coefficients close to zero or negative are indications that the concentration of the

metals in the sediment samples is not directly affecting those in the water samples.

However, the correlation coefficient of Zn (Isashi) and Ca (Akute Odo) show a

significant difference, which reveals that the amount of Zn and Ca in water is

directly dependent on the level of contamination of the sediment.

12.4 Conclusions

The occurrence of metals (Pb, Cd, Cu, Ca and Zn) at relatively elevated

concentrations in water and sediment samples in both rivers give cause for

concern. Most probable sources of the contaminants are municipal run-offs,

agricultural and industrial activities around the rivers’ catchments and the

discharge of untreated and partially treated domestic effluents into the river

bodies. Lead and cadmium occur at levels which exceed the WHO limit set for

drinking water. The Lagos State Water Corporation should be encouraged to

improve the method of treating raw water sourced from the two rivers with

emphasis on continuous raw water quality monitoring. Metals at elevated levels

have been implicated as risk to human health and the “health” of the aquatic

system. Direct disposal of effluent from domestic and industrial sources into water

bodies should be discouraged by Municipal authorities.

Table 12.3 Correlation coefficients between metals in water and sediment of Isashi and Akute

Odo samples

Sampling

location pH Pb Cd Cu Ca Zn

A 0.78ns �0.04ns �0.41ns �0.59ns 0.59ns 0.59ns

(�0.34)ns (0.41)ns (0.69)ns (�0.32)ns (�0.56)ns (�0.70)ns

B �0.31ns 0.52ns �0.41ns �0.35ns �0.39ns 0.84*

(�0.26)ns (0.12)ns (0.29)ns (�0.48)ns (0.19)ns (�0.58)ns

C 0.06ns 0.58ns 0.06ns �0.63ns 0.19ns 0.87*

(0.17)ns (0.11)ns (0.02)ns (0.23)ns (0.81)* (0.41)ns

Notes: A: Entrance point; B: Middle point; C: Point of raw water collection; Values in parentheses

are for Akute Odo (water vs. sediment) samples; ns, non significant differences at p ¼ 0.05;

*significant differences at p ¼ 0.05, ttab at p ¼ 0.05 (0.81)
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Chapter 13

Adsorption of Selected Ions

on Ferro-Precipitates

from Aqueous Solutions

Roman Marsalek

Abstract The main aim of the paper is to evaluate ferro-precipitate as an

immobilization agent for various ions from aqueous solutions. Heavy metals,

namely lead, copper and chromium were adsorbed as well as arsenate and phos-

phate. In addition, the adsorption of surfactants, sodium dodecyl sulfate (SDS)

and cetyltrimethylammonium bromide (CTAB) was carried out. Linear as well as

non-linear regression of adsorption isotherms confirmed the Langmuir model

applicability. Adsorption capacities (am) were calculated. The highest adsorption

capacity was found for arsenate and phosphate respectively (am ¼ 1.36 mmol g�1

for arsenate and 0.70 mmol g�1 for phosphate). Lower but still enough adsorption

capacity was found for heavy metals (am ¼ 0.76 mmol g�1 for lead, 0.58 mmol g�1

for copper, 0.38 mmol g�1 for chromium, and the lowest values were shown for

surfactants (a ¼ 0.38 mmol g�1 for CTAB and 0.21 mmol g�1 for SDS).

13.1 Introduction

Many pollutants are released into the environment due to human activity (industry,

agriculture, etc.). Heavy metals, surfactants, or even arsenic and phosphorus

compounds are among the most serious. These substances can be removed from

waste water in different ways, including also adsorption.

Heavy metals in waste water cause a serious environmental problem. High

toxicity and the ability to accumulate in living organisms are included among

their negative qualities. Recently, efforts have occurred to eliminate the content

of heavy metals by means of adsorption on various types of adsorption materials.

Apart from the most common active coal, cheaper options are analyzed. The

following natural materials are used – various kinds of coal (lignite coals, charcoal,
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brown coal, bituminous coal), humic acids, peat, algae, woolen and rice materials

[1–5]. The second category is waste materials, e.g. various kinds of sludge.

Other interesting adsorbents offering good prospects include ferro-compounds

such as goethite, hematite, magnetite and others [6–10]. These compounds are

very often artificially synthesized and used as nano-adsorbents.

Nitrogen and phosphorus compounds are often used as fertilizers. These

substances penetrate into the groundwater and then further into the aquatic envi-

ronment where they cause a number of problems, among the most important of

which is eutrophication. Arsenic compounds are highly toxic to living organisms.

Compounds of nitrogen and phosphorus are removed by microorganisms in the

biological purification stage in a wastewater treatment plant. An alternative to this

could be adsorption, which also applies for those substances that can be removed

using a variety of iron oxides [11–14].

Surfactants are commonly used in many industrial and commercial products

and processes throughout the world. For example, surfactants are in demand for

industrial processes requiring colloid stability, metal treatment, mineral flotation,

oil production, emulsion polymerization, pesticides, and pharmaceutical formu-

lation. This is a positive role of surface active agents, but their applications can

produce environmental pollution and increase a series of problems for wastewater

treatment plants [15]. Many materials have been studied as surfactant adsorbents,

e.g. carbon black, chitosan, latex, chrysotile, montmorillonite, kaolinite, shungite,

titania, and bentonite [16–23]. Oxidic iron compounds such as hematite, may be

used for the adsorption of surfactants similarly as in the case of heavy metals and

phosphorus compounds [24].

These oxy-ferro-compounds also occur as waste products in particular

manufacturing processes; e.g. in the Bochemie Company (Czech Republic), zinc

chloride is manufactured particularly from recycled acid, which represents waste

from zinc works.

The problem of this production is the thick and almost unsettling sediment of iron

which, moreover, retains rather large amounts of zinc chloride. The sludge consists

of approximately one third water, one third of zinc chloride, and the remnant ferro-

compounds. Due to the presence of zinc chloride, the sludge cannot be used to

charge a blast furnace. The solution is to find a suitable process of precipitating

iron in solutions, e.g. using the goethite process. The goethite process is successfully

used in the electrolytic galvanization industry to turn the iron in a solution (mostly

sulfide or chloride) into a sediment which is easy to filter [25, 26]. The Electrolytic

Zinc Company of Australasia developed a continuous process, during which all

ferrous ions in a solution are at first oxidized, and subsequently the solution

continuously flows into a reactor at a speed which eliminates the solid phase [27].

This method was also used to precipitate iron from the waste acid used to

produce zinc chloride in the Bochemie Company. The process was carried out

under varied conditions (temperature, pH, time) and resulted in sediments with

varied composition and texture parameters. Sediments high in zinc, the further use

of which is rather limited, were analyzed with regard to their possible use as

sorbents to eliminate heavy metals from aqueous solutions.
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When being adsorbed, solid anions exhibit a surface charge. Zeta potential is one

of a few effective techniques for characterization of surface charge, as well as the

surface chemical properties of solids in a solution, and for understanding changes

on the solid surfaces. Zeta potential and its changes were also observed during

adsorption on iron compounds [28–33].

The main goal of this study is to judge waste materials on the basis of ferrous

oxide as an adsorption material to eliminate selected ions from aqueous solutions.

Further goals were to describe the adsorption process by means of some adsorption

theory (Langmuir, Freundlich) and to calculate the adsorption capacity of the

sorbent. By means of the zeta potential, changes on the surface of adsorption

particles were monitored during the adsorption process.

13.2 Methodology

13.2.1 General

The chemicals used in the goethite process were zinc chloride (ZnCl2,

Sigma-Aldrich), zinc oxide (ZnO, Sigma-Aldrich) and hydrogen peroxide (H2O2,

Sigma-Aldrich). The chemicals used for preparation of stock solutions for adsorp-

tion were lead nitrate (PbNO3, Sigma-Aldrich), copper nitrate (CuNO3.3H2O,

Sigma-Aldrich), chromium nitrate (Cr(NO3)3.9H2O, Sigma-Aldrich), sodium

arsenate (NaAsO2, Sigma-Aldrich), sodium phosphate (NaH2PO4, Sigma-Aldrich),

sodium dodecyl sulfate (SDS, Sigma-Aldrich) and cetyltrimethylammonium

bromide (CTAB, Sigma-Aldrich), Fig. 13.1. Hydrochloric acid (HCl, Sigma-

Aldrich) and sodium hydroxide (NaOH, Sigma-Aldrich) were used for adjusting

the pH during zeta potential measurements. All the solutions were made in distilled

water. Analytical grade chemicals were used.

Fig. 13.1 Structures of SDS and CTAB
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13.2.2 Goethite Process

A continuous flow reactor (Fig. 13.2) was used in this process. An 800 g measure of

zinc chloride solution was put into a reaction vessel (filtering flask). The solution

had been prepared by dissolving 240 g of solid zinc chloride in 560 g of distilled

water. Recycled acid was rid of solid impurities by filtering it over a textile filter.

Subsequently, all ferrous ions were oxidized into ferric ions by slowly adding

hydrogen peroxide (30 %) and continuously stirring the substance. Intermittent

checks were carried out to find out whether all the iron had oxidized. The discharge

of oxidized acid into the reaction vessel was set on a peristaltic pump. A pH

electrode, a stirrer and hoses from both pumps (with oxidized recycled acid and a

zinc oxide suspension) were immersed into the reaction vessel. The stirrer was

switched on. After having reached the desired temperature and pH, both pumps and

a computer program for pH were switched on. This way, the experiment began.

After finishing the experiments we obtained precipitates (sediments) with varied

composition and texture parameters (see Results and Discussion).

13.2.3 Adsorption: Batch Experiments

About 0.2 g of dried sample was added to 50 ml of a given ion (Pb2+, Cu2+, Cr3+,

C12H25OSO3
�, (C16H33)N(CH3)3

+, AsO2
�, H2PO4

�) solutions of known concen-

tration varying in the range 10–0.1 mmol/l and occasionally shaken. Adsorption

equilibration took about 3 days, as deduced from previous measurements. The zeta

potential of the adsorption suspensions was measured. The samples were then

removed by filtering through a paper filter. The equilibrium concentration of the

filtered solutions was determined by inductively coupled plasma atomic emission

spectroscopy (heavy metals) and by UV/VIS spectroscopy (arsenic, phosphorus and

surfactants).

Fig. 13.2 Scheme of apparatus for precipitation of iron
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The amount of ion adsorbed (a) was determined from the change in the solution

concentration before and after equilibrium, according to:

a ¼ ðc0 � ceÞV
m

(13.1)

where c0 is the initial concentration of adsorbate, ce the concentration of adsorbate

at the adsorption equilibrium, V the volume of adsorbate solution and m the mass of

the sample.

13.2.4 The Zeta Potential Measurements

The zeta potential was measured by analyzing 0.2 g of precipitate in 50 ml of

solution using a Zetasizer Nano ZS (Malvern Instruments Ltd., GB). This machine

uses Laser Doppler Velocimetry to determine the electrophoretic mobility. The zeta

potential was obtained from the electrophoretic mobility by the Smoluchowski

equation:

ζ ¼ μ:η

ε
(13.2)

ζ is the zeta potential (V), η represents dynamic viscosity (Pa.s), and ε stands for the
dielectric constant. The fixed conditions of measuring were the following: temper-

ature (298 K), electric field (15 V), frequency (500 Hz), and the properties of the

samples – viscosity (0.0089 kg/m.s), refraction index (1.333), and dielectric con-

stant (78.36).

We had two main reasons for the measurement of zeta potential. Firstly, we

measured the zeta potential of the precipitate particles, depending on the pH.

The aim was to find the differences between precipitates and determine the isoel-

ectric points. Secondly, the zeta potential of the sample was measured after a

running adsorption, i.e. in the equilibrium. The objective was to describe the

changes on the particle surface due to adsorption of ions.

13.3 Results and Discussion

13.3.1 Characterization of Samples

Table 13.1 shows the conditions of precipitation for selected samples 1–3.

The temperature was maintained at 80 �C for these selected samples. This is the

optimal temperature. There is still a high content of zinc in the solid phase at a lower
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temperature and the higher temperature is energy consuming. The pH was adjusted

to between 1 and 2.2 and the contact time was 160 min whereas for sample

1, 360 min was used. The resulting composition was not significantly affected

by time. The most important parameter is pH and we could say that the decrease in

pH leads to a reduction of zinc.

Samples were subjected to further analysis, namely the determination of specific

surface area, X-ray diffraction, particle size distribution and zeta potential

measurements. The results are summarized in Table 13.2.

The surface area of the sample from the adsorption isotherms of nitrogen

(SBET) was evaluated according to BET theory, using a nitrogen molecular area

of 0.162 nm2 for the calculation.

The normal powder XRD patterns were recorded between 5.0� and 50.0�

2θ using CuKα radiation with an INEL CPS 120 diffractometer equipped with a

curved position-sensitive detector, in transmission mode with a germanium

monochromator.

Particle size distribution was determined as the mean value of D50. Measurements

were performed using a Mastersizer 2000 machine (Malvern Instruments Ltd. GB).

The isoelectric point (IEP) is the pH at which the zeta potential is zero. The pH

was adjusted by adding a solution of hydrochloric acid and sodium hydroxide.

Data from RTG diffraction showed that samples 1 and 2 contain a significant

amount of amorphous phase; the following two ferrous compounds are present –

ferrihydrite Fe5O7(OH).4H2O (30 %) and feroxyhyte δ-FeO(OH) (20 %). The

relatively high content of zinc makes disposal of this material (waste) in a blast

furnace impossible. On the other hand sample 3 contains only 0.8 % zinc and

the mineral composition is also different. This sample contains mainly akaganeite

β-FeO(OH) (54.5 %). Samples 1 and 2 have approximately seven times higher

specific surface area in comparison with sample 3 (see Table 13.2). Particle size

corresponds to the size of the surface. In addition we followed the influence of

pH on the zeta potential of our samples. Figure 13.3 shows the effect of pH on the

zeta potential.

The isoelectric point of sample 1 lies around pH 6. The changes of zeta potential

in sample 2 depend on whether the pH was very similar. The zeta potential

of sample 3 is shifted to positive values. The isoelectric point is about pH 8.5.

These data are very important for the adsorption of ions, especially by surfactants.

Table 13.1 Conditions of precipitation and composition of precipitates and solutions

Sample

Conditions of precipitation

Sludge composition

(% wt.) Composition

of solutionsSolid

pH T (�C) Contact time (min) % wet Fe Zn Cl� ZnCl2 (%) Fe (ppm)

1 2.2 80 360 62.3 55.2 7.4 0.7 23.1 8

2 2.2 80 160 63.9 55.1 6.8 2.3 21.9 1

3 1.0 80 160 35.6 55.4 0.8 7 20.8 3
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For all adsorptions the pH was maintained at pH 6, at which the zeta potential of

samples 1 and 2 showed values around 0 mV, and the zeta potential of sample

3 approximately +17 mV.

13.3.2 Adsorption of Selected Ions

Heavy Metals

Figure 13.4 depicts typical adsorption isotherms obtained from the experimental

data.

The shape of isotherms indicates that the adsorption data could be well suited to

the Langmuir adsorption model of monolayer coverage. In a linear form, the

Langmuir equation is given by:

ce
a
¼ ce

am
þ 1

amb
(13.3)

Table 13.2 Specific surface area, mineral composition, particle size and isoelectric points of

samples

Sample SBET (m2/g) RTG diffraction D50 (μm) IEP

1 220.45 ferrihydrite + feroxyhyte 3.25 6

2 250.21 ferrihydrite + feroxyhyte 2.49 6.2

3 30.04 akaganeite 4.75 8.5
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Fig. 13.3 Isoelectric points of samples 1 and 3, influence of pH on zeta potentials
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where a is the amount of the surfactant adsorbed, ce is the equilibrium concentration

of the surfactant in solution, b represents a monolayer binding constant and am is the

monolayer adsorption capacity.

All adsorption isotherms proved to be consistent with the Langmuir model as

deduced from calculated r-squared values close to 1 (minimal r2 value was 0.985).

The most informative parameter in the Langmuir equation is am, providing infor-

mation on the adsorbed amount at monolayer surface coverage. These values are

compiled in Table 13.3 as found for studied metals on sample 1. There are also

comparable parameters of Freundlich adsorption isotherms:

a ¼ k:ce
1=n (13.4)

where k and n are dimensionless Freundlich constants.

The Langmuir adsorption theory is based on the adsorption of gases and it is not

apparently valid without any differences for adsorption from the solutions. Thus,

the experimentally obtained data were also analyzed in terms of non-linear regres-

sion. Four adsorption models (Langmuir, Freundlich, Langmuir-Freundlich and

Temkin) were used and compared. The non-linear regression was calculated by

means of the OPstat program using various algorithms – genetic algorithm, sim-

plex, and Levenberg-Marquardt algorithm. Akaic criterion was chosen to evaluate

the experimental data correspondence with a given theory.
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Fig. 13.4 Adsorption isotherms of heavy metals on sample 1

Table 13.3 Results obtained from the Langmuir and Freundlich equations for heavy metals

adsorptions

Langmuir isotherm Freundlich isotherm

Heavy metal am (mmol/g) b (l/mmol) r2 k n r2

Pb 0.756 4.001 0.985 0.517 5.487 0.983

Cu 0.584 7.112 0.996 0.430 5.060 0.956

Cr 0.376 46.296 0.999 0.373 7.000 0.859
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The lowest value of Akaic criterion was found for Langmuir model, Table 13.4.

In other words non-linear regression also confirmed Langmuir model applicability.

From Fig. 13.4 and Table 13.3 it is apparent that the maximum adsorption

capacity was found in lead ions, followed by copper and the lowest affinity was in

chromium ions. The reason for this behavior may be less hydration of lead ions

in comparison with copper and chromium ions. Lead ions are thus better available

as an adsorbent surface. Similar results were also found for the second sample.

Conversely adsorptionwas practically not realized on the third sample. Sample 3 has a

much smaller surface area. It seems that the specific surface area plays a decisive role

for the adsorption of heavy metals on this type of material. In addition to physical

adsorption on the surface, the ion exchange is probably the second way of heavy

metals immobilization. Zinc ions are replaced with the appropriate heavy metal.

Samples 1 and 2 contain relatively significant amounts of zinc (see Table 13.1).

This fact is also demonstrated by an increased amount of zinc in the solution after

adsorption.

Surfactants

Adsorption of surfactants was different from the adsorption of heavy metal ions.

Molecules of surfactants are much larger and contain a hydrophobic chain and a

hydrophilic head. Formation of micelles at the critical micelle concentration is also

one of the important traits of these compounds. The critical micelle concentration

was determined for both surfactants by conductivity measurements. The critical

micelle concentrations were 8.5 mmol/dm3 for SDS and 1 mmol/dm3 for CTAB

respectively. Figure 13.5 shows the adsorption isotherms for SDS samples 1 and 3.

The shape of adsorption isotherms of anion active surfactant SDS suggests that it

can be described by Langmuir adsorption theory. The parameter r2 is closer to one

in comparison with the Freundlich theory and it is possible to calculate concrete

adsorption capacities. The data are summarized in Table 13.5.

From Table 13.5 it is obvious that SDS adsorption on sample 3 is approximately

two times higher in comparison with sample 1. These results are surprising because

sample 1 has a markedly larger specific surface area (see Table 13.2). It seems that the

specific surface area does not play the most important role in the immobilization

process and specific interactions between iron minerals and surfactant molecules

probably exist. The reason for the higher determined adsorption capacity of sample 3

Table 13.4 Akaic criteria for adsorption theories, adsorption of heavy metals on sample 1

Akaic criterion

Heavy metal Langmuir Langmuir-Freundlich Freundlich Temkin

Pb �41.82 �39.74 �26.16 �26.66

Cu �43.36 �40.63 �34.04 �23.84

Cr �52.47 �48.98 �45.65 �25.22
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is in its different zeta potential value. At pH 6 (value for all studied systems), the

surface of sample 3 has zeta potential around +18 mV; on the other hand the surface

of sample 1 is without charge. The positively charged surface of sample 3 attracts and

subsequently reacts with the negatively charged SDS molecules. So from the zeta

potential measurements, as well as from the surface characteristics of the precipitate,

it was deduced that the sorption mechanism of SDS on the adsorbent surface is

connected mainly with interactions between the hydrophilic part of the surfactant and

the precipitate surface. A similar mechanism was also described in the SDS adsorp-

tion on hematite [24]. In all cases further measurement is necessary to explain the

mechanism of the impact of the surfactant.

The situation is different for adsorption of CTAB. A lower solubility and lower

critical micelle concentration (1 mmol/l) made it impossible to measure the whole

concentration range as like in the previous cases, and the default concentration is

in the range of 0.1–3 mmol/l. It first reached maximum before a dissociation of

some micelles occurred, and these free molecules again adsorbed on the surface.

The system is not in equilibrium. At these initial concentrations the system has not

reached equilibrium, and it was not possible to determine the adsorption capacity

using the Langmuir theory. The adsorption quantity calculated from the differences

between the initial and equilibrium concentrations was shown to be higher than

0.35 mmol/g.
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Fig. 13.5 Adsorption isotherms of SDS and CTAB on samples 1 and 3

Table 13.5 Results obtained from the Langmuir and Freundlich equations for SDS adsorptions

Langmuir isotherm Freundlich isotherm

Sample am (mmol/g) b (l/mmol) r2 k n r2

1 0.207 3.706 0.999 0.135 3.605 0.860

3 0.443 0.674 0.987 0.152 1.968 0.856
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Arsenate and Phosphate

A third group (Fig. 13.6) of substances to be adsorbed on the surface of iron

precipitates was inorganic anions: arsenate (AsO2)
� and phosphate (H2PO4)

�.
Samples 1 and 2 showed a high adsorption capacity for these inorganic anions,

especially for arsenate. Sample 3 also adsorbed the followed inorganic anions.

The course of adsorption was similar to the previous cases and the results are

summarized in Table 13.6.

In the case of the adsorption of arsenate and phosphate, we assume there was

a complex formation between iron atoms on the adsorbents surface (Fig. 13.7).

The formation of such complexes was also confirmed using IR-FTIR during the

adsorption of phosphate on akageinete and goethite [12, 14]. The higher adsorption

capacity of samples 1 and 2 compared with sample 3 is again attributed to the

significantly greater surface area of samples 1 and 2.
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Fig. 13.6 Adsorption isotherms of arsenate and phosphate on samples 1, 2 and 3

Table 13.6 Results obtained from the Langmuir and Freundlich equations for arsenate and

phosphate adsorptions

Langmuir isotherm Freundlich isotherm

Adsorbate Sample am (mmol/g) b nl/mmol) r2 k n r2

Arsenate 1 1.420 4.949 0.994 0.930 2.703 0.984

2 1.398 2.895 0.989 0.801 2.393 0.985

3 0.438 1.682 0.993 0.230 3.125 0.981

Phosphate 1 0.736 4.013 0.992 0.482 5.270 0.990

2 0.889 3.244 0.979 0.552 4.874 0.992

3 0.245 1.931 0.962 0.177 17.292 0.758
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13.3.3 Changes of Zeta Potential

Figure 13.8 shows the noteworthy similarity of the adsorption isotherms with the

changes of zeta potential of the adsorption systems. In other words the adsorption of

ions causes a change of the surface charge. The same results were found for other

adsorption systems [34–37].

The figure shows the adsorption of copper on sample 1, and SDS surfactant

adsorption on the same sample, to be both solid symbols. Adsorption took place at

pH 6, the value of the zeta potential of sample 1 in water at this pH was equal to

0 mV. After the addition of copper ions and similarly surfactant SDS, the ions were

adsorbed and caused a change to the zeta potential. In the case of adsorption

of copper, but also other heavy metals (Pb and Cr), the zeta potential increased.

In the case of copper, the resulting value of the zeta potential was about 20 mV in

the equilibrium. In contrast, in the case of adsorption of anionic surfactants (and

inorganic anions arsenate (AsO2)
� and phosphate (H2PO4)

�) zeta potential is

shifted into negative values. After adsorption of SDS the final value of zeta

potential was approximately �33 mV. Total changes of the zeta potential

Fig. 13.7 Adsorption of

phosphate ions by inner

sphere complexes
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Fig. 13.8 Dependence of zeta potential (blank symbols) and adsorption of Cu and SDS (full

symbols) on sample 1 on the equilibrium concentration of the Cu and SDS solution (ce)
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correspond to the amount adsorbed at the highest initial concentration of the

substances. The more ions on the surface to be adsorbed, the greater the change

in zeta potential appeared.

13.4 Conclusions

Adsorption of selected heavy metals, surfactants and inorganic anions on ferrous-

precipitates was monitored. We changed conditions of precipitation which resulted

in a wide spectrum of precipitates. They varied in composition and textural

parameters. Our materials contained various iron compounds such as akageinete,

ferrihydrite and feroxyhyte. These materials, which represent unusable waste, show

a relatively high adsorption capacity for ions, especially for inorganic anions.

The adsorption process can be described by the “classic” Langmuir theory and

the calculated parameters of the Langmuir equation can be used for potential

particular applications. The adsorption process was studied as well with regard to

changes of surface charge. Measuring proved a connection between adsorption and

the change of the zeta potential of the particles. Particularly due to its adsorption

capacity and price, this material ranks among many cheap adsorption materials

possibly usable to treat waste water containing heavy metals.
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Chapter 14

Stochastic Approach for Enzyme Reaction

in Nano Size via Different Algorithms

Farid Taherkhani and Shahram Ranjbar

Abstract Stochastic simulations have been done for enzyme kinetics reaction with

Michaelis-Menten mechanism in low population number. Gillespie and Poisson

algorithms have been used for investigation of population number and fluctuation

population around their mean values as a function of time. Our result shows that

equilibrium time for population dynamics via Poisson algorithm is smaller than

Gillespie algorithm. Variations of average population number versus time for all

species have the following order: deterministic approach (mean fields) > Gillespie

> Poisson. There is asymptotic limit for fluctuation population as a function of time

via Poisson algorithm but there is not such trend for fluctuation population via

Gillespie algorithm. There is a maximum for fluctuation population for all species

for kinetics reaction with Michaelis-Menten mechanism as a function of time via

Gillespie algorithm. The stochastic approach has also been used for horse liver

alcohol dehydrogenase which catalyses the NADþ (nicotinamide heterocyclic ring)

oxidation of ethanol to acetaldehyde and three kinds of third order reactions.

Probability distribution function and fluctuation population for reactants are calcu-

lated as a function of time. Increasing a variety of species for third order reactions

leads to decrease of coefficient variation.

14.1 Introduction

Within its host cell, a complex coupling of transcription, translation, genome

replication, assembly, and virus release processes determines the growth rate of a

virus. Mathematical models that account for these processes can provide insights

into the understanding as to how the overall growth cycle depends on its constituent

F. Taherkhani (*) • S. Ranjbar

Department of Physical Chemistry, Razi University, Kermanshah, Iran

e-mail: f.taherkhani@razi.ac.ir; ranjbar@razi.ac.ir

M. Gupta Bhowon et al. (eds.), Chemistry: The Key to our Sustainable Future,
DOI 10.1007/978-94-007-7389-9_14, © Springer Science+Business Media Dordrecht 2014

189

mailto:f.taherkhani@razi.ac.ir
mailto:ranjbar@razi.ac.ir


reactions [1]. A virus infection may be initiated by a single virus particle that

delivers its genome, a single molecule of DNA or RNA, to its host cell [2]. Under

such conditions, the inherently stochastic nature of the ensuing processes may give

rise to dynamics that differ significantly from those predicted by deterministic

models. At the molecular level, random fluctuations are inevitable, with their effect

being most significant when molecules are at low numbers in the biochemical

system. This typically occurs in the regulation of gene expression where transcrip-

tion factors interact with DNA binding sites in the gene’s regulatory sequences.

These intrinsic fluctuations have recently been measured using fluorescent probes

[3, 4]. Deterministic approach for studying the kinetics of small systems is not

appropriate [5]. To investigate the chemical kinetics, the stochastic approach is

more consistent than deterministic approach for small systems [6–9]. Deterministic

approach does not give any information regarding the fluctuation of concentration

as a function of time [10–12]. McQuarrie et al. [10, 11] worked on the irreversible

first and second order elementary reactions and compared the average concentration

obtained from the master equation (ME) with that of the deterministic approach.

In addition, Rose and Zheng [12] solved numerically the cubic Schlogl model with

a single steady state. Erdi and Toth [13] also considered simple enzyme kinetics,

ligand migration kinetics and membrane noise, to compare the stochastic results

with those of deterministic. Stochastic simulations of homogeneous chemically

reacting systems have been done by Fabio and Stefano [14] for Lotka–Volterra

mechanism. Kramers theory of the rates of chemical reaction was reviewed by

Gomes [15]. Many studies have been done on enzyme kinetics reaction with

Michaelis-Menten mechanism [16–18].

The stochastic version of the enzyme kinetics predicts that catastrophic

bottlenecks in the system are more likely than one would expect from deterministic

theory for Michaelis-Menten mechanism [17]. Many biochemical reactions occur-

ring in human are catalyzed by enzymes. On the other hand all biological reactions

occur in low population number. Stochastic simulation yields a correct average

population number for all reactants species as a function of time. There is no

information regarding fluctuation via deterministic approach. In present work

development of stochastic simulation for enzyme kinetics has been done via two

different algorithms namely Gillespie and Poisson.

Eþ S
k2

�! �
k1

ES��!k3 Eþ P (14.1)

Rate constants for k1, k2 and k3 are 10 (molecule�1.s�1), 0.1 (s�1) and 0.14

(s�1) respectively. The mentioned rate constants can be applied for Chymotrypsin

enzyme [19]. Fluctuation populations for all species in enzyme reaction have been

calculated via the two mentioned algorithms. Many biological reactions contain

some elementary reactions, therefore we investigate probability distribution,

coefficient variation, average number of particles, and discrepancy for the number

of particles with regard to the stochastic and deterministic approaches as a
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function of time for reversible second order and three kinds of third order reaction

namely:

Aþ B
k2

�! �
k1

Cþ D (14.2)

3A!P (14.3)

2Aþ B!P (14.4)

Aþ Bþ C!P (14.5)

It is worthwhile to notice that McQuarrie et al. [10, 11] did mention that the

master Eq. 14.2 can be solved exactly by using the method of separation of

variables and the ordinary differential equation. However the evaluation of Fourier

type coefficients is very difficult and it seems unlikely that numerical results could

be easily found for the coefficients [20]. It is noteworthy that the master equation

was exactly solved only at the equilibrium state by Darvey et al. [21].

14.2 Methodology

14.2.1 Master Equation for General Chemical Reaction

AMarkov process, which satisfies the Markov property, is defined by the following

relation:

Pðyn; tn yn�1j ; tn�1; . . . y1; t1Þ ¼ Pðyn; tn yn�1j ; tn�1Þ (14.6)

where

t1 < t2 < . . . < tn (14.7)

The Markov property merely expresses that, for a Markov process, the probabil-

ity of a transition at time tn�1 from a yn�1 value to a yn value at time tn (Eq. 14.6)
depends only on the value of yn�1 at time tn�1 and not to the previous history of the
system [22]. For a discrete set of states, the ME may be given as [23]:

dPnðtÞ
dt
¼

X

j

Wj;nPjðtÞ �Wn;jPnðtÞ (14.8)

Wn;j is the conditional probability that n reactant molecules exist in the system at

time tþ Δt, assuming that j reactant molecules existed at time t [23].
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14.2.2 Stochastic Algorithm and Simulation

Another way to investigate the kinetics of a small system is stochastic algorithm.

Up to now several authors have applied the stochastic algorithms [24–29]. In recent

years, stochastic modeling has emerged as a physically more realistic alternative for

modeling of the vivo reactions [2]. Let consider X as the time of the event. By a

constant hazard we mean that:

PðX 2 ðt; tþ dt� X > tÞ ¼ αdtj (14.9)

where α > 0 is a constant whose value may be calculated as, α ¼PM

i¼1
Wj;n ¼

PM

i¼1
αi,

where αi ¼ Wj;n ¼ ki
j!

n! j�nð Þ! , k is a rate constant and it can be obtained via density

functional approach [30, 31]. For a small δt we will have:

PðX 2 ðt; tþ dt� X > tÞ ¼ αδtj (14.10)

Considering a time t > 0, and a large integer N, dividing the interval ð0; t� into N
subintervals of the form ðði� 1Þδt; iδt�, i ¼ 1, 2, . . ., N where δt ¼ t

N , then we have:

PðX > tÞ ¼ P½ðX =2 ð0; t�Þ� ¼ PðfðX=2ð0; δt�Þg \ fX=2ðδt; 2δt�g \ . . .

fX=2ðN � 1Þδt; t�gÞ (14.11)

Hence

PðX > tÞ ¼ PðX=2ð0; δt�ÞPðX=2ðδt; 2δt� X > δtÞj
. . .PðX=2ððN � 1Þδt; t� X > ðN � 1ÞδtÞj

� ð1� αδtÞ � ð1� αδtÞ � . . . ð1� αδtÞ
¼ ð1� αδtÞN

¼
�
1� αt

N

�N

(14.12)

IfN !1 and δt! 0, therefore Eq. 14.12 will convert to expð�αtÞ then PðX � tÞ
¼ ð1� expð�αtÞÞ. Consequently, whenever we consider a time dependent event with

constant hazard α , in Gillespie algorithm [24–27], we can conclude that the time

distribution is an exponential function. By choosing two uniform random numbers and

within the interval ½0; 1� and by definition of two following expressions, we may write:

τ ¼ 1

α
ln

�
1

r1

�
(14.13)
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Xμ�1
i¼1 αi < r2α �

Xμ

i¼1 αi (14.14)

There are three loops for algorithm as follows:

1. Calculating αi ¼ ki
j!

n! j�nð Þ! , whereas k is a rate constant (1 � μ � M).

2. Generating two uniform random numbers r1 and r2 and calculating τ and μ
according to Eqs. 14.13 and 14.14.

3. Increasing t by τ and adjusting population of reactants for reaction μ.

In Poisson algorithm, simulation time which is needed for the phenomenon to

take place is [26, 31]:

PrðPðλt ¼ nÞÞ ¼ e�λtðλtÞn
n!

(14.15)

and

λt ¼
X

i

ki
j!

n! j� nð Þ! (14.16)

where ki, j, and n are rate constants, initial population, number of particles which are

created or destroyed on the basis of stoichiometry coefficient of reaction i and λ ¼ α.

14.3 Results and Discussion

14.3.1 Stochastic Simulation for Average Number
of Particles via Gillespie Algorithm for Michaelis-
Menten Reaction

It is possible to study enzymatic reactions at the level of a single molecule via

fluorescence correlation spectroscopy [32]. At low population of reactant, the usual

description of such reactions via rate equations breaks down, so more appropriate

stochastic models of single-molecule Michaelis-Menten kinetics have been devel-

oped recently [16, 32]. Stochastic simulations have been done for Eq. 14.1 for

enzyme (E), substrate (S), intermediate (ES) and product (P) species. Stochastic

simulation result has been shown for substrate via Gillespie algorithm in Fig. 14.1.

Initial populations for substrate, enzyme, intermediate and product species are

100, 10, 0, and 0 respectively. It is worthwhile to notice that rate constant k1, k2
and k3 of 10 (molecule�1.s�1), 0.1 (s�1), 0.14 (s�1) can explain a real dynamics of

Chymotrypsin enzyme. On the basis of Fig. 14.1, substrate population decreases as

a function of time and finally it approaches zero.

14 Stochastic Approach for Enzyme Reaction in Nano Size via Different Algorithms 193



Figure 14.1 shows the average of 1,000 stochastic simulations via Gillespie

algorithm for substrate species as a function of time.

Figure 14.1 indicates that fluctuation of substrate population is not small. On the

basis of Eq. 14.1, 1,000 stochastic simulations have been done for product species

(P). The result of stochastic simulation is shown in Fig. 14.2. On the basis of

Fig. 14.2, product population increases as a function of time. It is important to

notice that there is a fluctuation around mean population number of product species.

The obtained simulation result is consistent with that observed in the literature [33].

Fig. 14.1 1,000 stochastic

simulations for population

number of product

(P) species and its average

as a function of time via

Gillespie algorithm

Fig. 14.2 Gillespie

algorithm for 1,000

stochastic simulations of

substrate population

number and its average

as a function of time
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14.3.2 Poisson Algorithm for Stochastic Simulation

Stochastic simulations have been done for substrate species via Poisson algorithm.

Similar to Gillespie algorithm, 1,000 stochastic simulations have been done for

average population number of substrate species via Poisson algorithm. Result of

Poisson algorithm for substrate species is shown in Fig. 14.3. Figure 14.3 indicates

that substrate population approaches the equilibrium as a function of time quickly.

Stationary population for substrate species via Poisson algorithm is 85 particles

which is greater than zero particle for substrate species from Gillespie algorithm.

Stochastic simulation is investigated for population number of product species as

a function of time. The result of simulation for product species is shown in

Fig. 14.4. Average population number of product species from stochastic simula-

tion via Poisson algorithm shows that stationary population for product species is

5 particles. On the basis of Fig. 14.4, average population number for product species

is very much smaller than average population number of product from Gillespie

algorithm. If 100 particles as an initial population for substrate are considered, the

population of substrate species is predicted to be 100 particles in stationary state.

As a result, Poisson algorithm does not predict the correct population number for

stationary state of Michaelis-Menten kinetics. It is worthwhile to notice that

equilibrium time for substrate and product species via Poisson algorithm is less

than Gillespie algorithm. Variation of population for substrate and product as a

function of time via Poisson algorithm is smaller than Gillespie algorithm (see

Figs. 14.1, 14.2, 14.3, and 14.4).

Fig. 14.3 1,000 stochastic

simulations via Poisson

algorithm for substrate

population as a function

of time
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14.3.3 Comparison of Gillespie and Poisson
Algorithm with Mean Field Approach

Comparison of Gillespie and Poisson algorithms with mean field approach (deter-

ministic differential equation) has been done for substrate population as a function

of time. 1,000 stochastic simulations have been done to obtain average number of

substrate. Initial population for substrate, enzyme, intermediate, and product of

10, 1, 0, 0 is taken respectively.

On the basis of Fig. 14.5, substrate population from mean field approach,

stochastic simulations via Gillespie and Poisson algorithms are shown as a function

Fig. 14.4 1,000 stochastic

simulations for population

number and its average as a

function of time for product

species via Poisson

algorithm

Fig. 14.5 Average

population number for

substrate species as a

function of time via

Gillespie, Poisson

algorithms and mean field

approach
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of time. Population variation of substrate species via mean field approach is greater

than Poisson and Gillespie algorithm. On the other hand, substrate population

approaches equilibrium in lower time via mean field approach. There is a little

variation for substrate population as a function of time via Poisson and Gillespie

algorithms. As a result, equilibrium time for substrate population via Poisson and

Gillespie is greater than mean field approach.

14.3.4 Fluctuation of Population for Substrate, Enzyme,
Intermediate, Product Species as a Function of Time

Mean field approach does not represent fluctuation population CVðtÞ

CVðtÞ ¼< N2ðtÞ > � < NðtÞ>2 (14.17)

during the dynamics, where N(t) is number of particles. It is worthwhile to note that

there is a significant fluctuation for the number of particles in low population level.

Stochastic simulations have been done for investigation of fluctuation of population

for all species in Michaelis-Menten reaction as a function of time via Poisson and

Gillespie algorithms. Average result of 1,000 stochastic simulations for fluctuation

population of enzyme (CVEn) and substrate (CVS) versus time have been shown in

Figs. 14.6 and 14.7 via Gillespie algorithm respectively. Initial population for

substrate, enzyme, intermediate, product of 100, 10, 0, 0 is considered respectively.

On the basis of Fig. 14.6, fluctuation population for enzyme species is zero

initially and it increases after elapsing time, then it approaches zero finally. Result

of stochastic simulation for fluctuation population number for intermediate

(CVES), product (CVP) species are shown versus time in Figs. 14.8 and 14.9

respectively.

Fig. 14.6 Fluctuation

population number as a

function of time for enzyme

(CVEn) from averaging of

1,000 simulations via

Gillespie algorithm
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14.3.5 Comparison of Gillespie and Poisson Fluctuation
of Population

Gillespie and Poisson algorithms have been used for investigation of fluctuation

population of product species as a function of time. Result of average of 1,000

stochastic simulations is shown in Fig. 14.10. It indicates fluctuation population for

product species via Gillespie algorithm is greater than Poisson algorithm. Fluctua-

tion population for product species approaches a constant value as a function of

time. On the other hand fluctuation population for product species via Gillespie

algorithm first increases, after some time it approaches its maximum value, then it

decreases and approaches zero finally.

Fig. 14.7 Average of 1,000

stochastic simulations of

substrate species (CVS)

versus time via Gillespie

algorithm

Fig. 14.8 Fluctuation

population of intermediate

species (CVES) as a

function of time via

Gillespie algorithm
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14.3.6 Numerical Solution of Master Equation
of Some Elementary Reactions

Master Equation for Second Order Reversible Reaction

An example of a second order reversible reaction is the horse liver alcohol dehy-

drogenase which catalyses the NADþ (nicotinamide heterocyclic ring) for oxidation

of ethanol to acetaldehyde. Incubation of the enzyme with deuterated ethanol

CH3CD2OH followed by re-isolation of oxidized NADþ revealed no deuterium

Fig. 14.9 Gillespie

algorithm for fluctuation

population of product

species (CVP) as a function

of time

Fig. 14.10 Comparison

of Gillespie and Poisson

algorithms for fluctuation

of product population as

a function of time
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incorporation into the oxidized cofactor, showing that the deuterium atom transfer

to the cofactor is stereospecific, which is removed in the reverse reaction [34].

ð14:18Þ
In order to derive the master equation for the second order reversible reaction,

Eq. 14.2, we suppose a, b, c and d, with their values achieved randomly, as the

number of A, B, C, D species, respectively. The possible states of a system at time

t which could lead to state specified by a, b, c, d at time tþ Δt are (a + 1, b + 1,
c-1, d-1) and (a, b, c, d ). Consequently, we may choose Δt! 0 . If the initial

concentrations of A, B, C and D are a0, b0, c0 and d0, respectively at t ¼ 0, then due

to the fact that the total number of species is constant, we may get a conclusion as

below:

a0 � a ¼ b0 � b ¼ c� c0 ¼ d � d0 (14.19)

Then

dPaðtÞ
dt
¼k1ðaþ 1Þðb0 � a0 þ aþ 1ÞPaþ1ðtÞ þ k2ðc0 þ a0 � aþ 1Þðd0 þ a0 � aþ 1ÞPa�1ðtÞ
� ½k1aðb0 � a0 þ aÞ þ k2ðc0 þ a0 � aÞðd0 þ a0 � aÞ�PaðtÞ

(14.20)

This is the master equation for the reversible second order reaction. This

equation has been already derived by McQuarrie without giving any solution for

it [20]. Later, we will discuss its numerical solution.

Master Equation for Three Kinds of Third Order Reaction

The solution of deterministic reaction rate for Eq. 14.3 can be shown:

With a similar argument which led to Eq. 14.20, we may find the ME as:

dPxðtÞ
dt
¼ 1

6
Pxþ3ðtÞ � k � ðxþ 3Þ � ðxþ 2Þ � ðxþ 1Þ

� 1

6
PxðtÞ � k � ðxÞ � ðx� 1Þ � ðx� 2Þ (14.21)
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To obtain master equation Eq. 14.4, let concentrations of A and B at time t be
X(t) and Y(t), respectively. We may define

Z0 � 2YðtÞ � XðtÞ (14.22)

According to both Eqs. 14.8 and 14.22 we can write:

dPxðtÞ
dt
¼ 1

4
Pxþ2ðtÞ � ðxþ 2Þ � ðxþ 1Þ � ðxþ Z0 þ 2Þ

� 1

4
PxðtÞ � k � ðxÞ � ðx� 1Þ � ðxþ Z0Þ (14.23)

In Eq. 14.23, coefficient 1
4
is derived from Eq. 14.22 and combinational term.

To obtain master equation Eq. 14.5, let the concentrations of A, B and C be x(t),
y(t), z(t), respectively, at time t. We define the time independent variablesZ1 andZ2 as:

Z1 � BðtÞ � AðtÞ (14.24)

Z2 � CðtÞ � AðtÞ (14.25)

With a similar discussion which led to Eq. 14.20 we find the master equation as:

dPxðtÞ
dt
¼Pxþ1ðtÞ � k � ðxþ 1Þ � ðxþ Z1Þ � ðxþ Z2Þ
� PxðtÞ � k � ðxÞ � ðxþ Z1Þ � ðxþ Z2Þ (14.26)

Numerical Solution of Master Equation

Number of particles given by deterministic approach, Ad , can be easily obtained

from the solution of the rate equation (Note that Ad is the same as A). However, the

average number of particles obtained from the solution of Master equation, hAmi,
given by the stochastic approach may be easily calculated as:

Am ¼
X

A

APAðtÞ (14.27)

where A(t) is the number of A and PAðtÞ is the probability of having A particles at

time t. Consider the following equation:

ΔAðtÞ ¼ Am � Ad (14.28)
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where Am and Ad are the average number of A species obtained from the Master

equation and deterministic approaches, respectively (Note that the probability

distribution function for A in deterministic approach is a delta function). At t ¼ 0

the initial conditions are:

PAð0Þ ¼ 1 if A ¼ A0 (14.29)

PAð0Þ ¼ 0 if A 6¼ A0 (14.30)

then Am ¼ A0 and

ΔAð0Þ ¼ Am � Ad ¼ 0 (14.31)

For numerical solution of Master equation, we have chosen the value of dt
¼ 0.00005 s for each time step, for smaller time steps all quantities become

unchanged. Besides that, we have calculated all values of PAðtÞ and then the

average number of A molecules. Result of probability distribution of Eqs. 14.3,

14.4, and 14.5 is shown in Fig. 14.11, right to left, respectively. In the same way, the

mean value of A2
� �

and hAi2 can be calculated, from which we may calculate the

coefficient variation, CF, as follows:

CF ¼ hA
2i � Ah i2
Ah i2 (14.32)

Fig. 14.11 Probability of having A molecules as a function of time and number of A particles for

Eqs. 14.3, 14.4, and 14.5, when total number of molecules is 30
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It is worthwhile to note that the value of CF versus time for three different types

of third order reactions are shown in Fig. 14.12 and are compared to those obtained

from equilibrium statistical mechanics 1ffiffiffi
A
p . As shown in Fig. 14.12, the value of CF

obtained from the solution of ME is smaller than 1ffiffiffi
A
p of the equilibrium statistical

mechanics for all reactions. By using Markov assumption via the mentioned time

step, the probability of having A molecules at time t;PAðtÞ , may be calculated

numerically. The results of such calculations for Eq. 14.2 are given in Fig. 14.13.

Also the CF for the second order reversible reaction is calculated, for which the

results are shown in Fig. 14.14.

14.4 Conclusions

We have simulated enzyme kinetics reaction via stochastic simulation. Two different

algorithms namely Gillespie and Poisson have been used for stochastic simulation.

Our results show that equilibrium time via Poisson algorithm is smaller than Gillespie

algorithm. Fluctuation population via Poisson algorithm is lower than Gillespie

algorithm as a function of time. There is an asymptotic limit for fluctuation popula-

tion for product species as a function of time via Poisson algorithm. Fluctuation

population via Gillespie algorithm is zero at the first time, and it increases as a

function of time, then it approaches its maximum value. Finally it decreases and goes

to zero. Average population number via Gillespie algorithm is less than Poisson

algorithm. Also Master equations have been solved for three different third order

reactions, namely Eqs. 14.3, 14.4, and 14.5, and for the reversible second order

Fig. 14.12 The comparison

of CF obtained from

equilibrium statistical

mechanics (a, b, c) and the

Master equation (d, e, f) for
three different third order

reactions Eqs. 14.3, 14.4,

and 14.5 respectively

(Initial number of reactant

in all of the reactions is

90 and Z1 ¼ 0, Z2 ¼ 0)
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reaction Eq. 14.2. Graph of probability of particles and fluctuation about the mean

value for third order and reversible second order reactions are shown in Figs. 14.11,

14.12, 14.13, and 14.14 respectively. For all third order reactions, fluctuation about

the mean value is greater than those of the second order reactions (see Figs. 14.12 and

14.13). For elementary kinetics of small systems, maximum coefficient variance is

smaller than 1ffiffiffi
N
p (Fig. 14.12) (N is number of particles). Besides that, by increasing a

variety of species, coefficient variation decreases (see Fig. 14.12).
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Fig. 14.13 Probability of

having A molecules for

Eq. 14.2 as a function of

time and the number of A

molecules

Fig. 14.14 Calculated

coefficient variation for

Eq. 14.2 when A ¼ 10

(dash –), 20 (dash dot -.-.),
30 solid -) as a function

of time
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Chapter 15

Enhancing Conceptual Understanding

of the “Chemistry of Life” at the ‘A’-Level

Through Use of Computer Animations

Ummeh W. Ahsun and Fawzia Narod

Abstract “Chemistry of Life” is a topic that forms part of the “Applications of

Chemistry” section introduced as a compulsory part in the Cambridge International

Examinations (CIE) Advanced Level (‘A’-Level) chemistry syllabus in 2007. In the

present study, an attempt was made to enhance students’ conceptual understanding

of the “Chemistry of Life” through use of computer animations. The research was

carried out in a girls’ private secondary school, located in the central region of

Mauritius. The sample consisted of 14 girls of age 18–19 years, who were preparing

to sit for the CIE ‘A’-Level examinations in November 2011. The study was carried

out through an action research involving three cycles; each cycle included three

lessons during which computer animations were used. Data were collected through

observation checklists, achievement tests, and a students’ questionnaire. The

findings have clearly revealed that use of computer animations has impacted posi-

tively on students’ motivation, interest, and engagement, leading to enhanced concep-

tual understanding, as evidenced by data gathered through observation checklists and

students’ questionnaire. These results were further supported by an improvement in

students’ performance in the achievement tests administered at the end of the second

and third cycles, even though the concepts taught became increasingly more difficult

fromCycles 1 to 2 and 3. Further, it was found that “cues and labeling”, proper design

in terms of colour and graphics, as well as embedded “voice questions” can all play a

crucial role in helping learners to retrieve information from computer animations, and,

to develop understanding of the concepts under study. Last but not least, results have

also indicated that learner-controlled interactive computer animations are most effec-

tive in enhancing students’ motivation, interest, and conceptual understanding as

compared to non-interactive ones.
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15.1 Introduction

“Chemistry of Life” is a topic that forms part of the “Applications of Chemistry”

section introduced as a compulsory part in the Cambridge International

Examinations (CIE) ‘A’-Level chemistry syllabus in 2007, following phasing out

of the option topics “Phase Equilibria”, “Transition Elements”, “Biochemistry”,

“Spectroscopy” and “Environmental Chemistry”. This has been specially a chal-

lenge for almost all chemistry educators in Mauritius, who were used to teaching

the options “Phase Equilibria” and “Transition Elements”. It has indeed been

reported by Cambridge examiners [1] that “Phase Equilibria” and “Transition

Elements” were the most popular options among Mauritian candidates. This can

be attributed to the fact that “Phase Equilibria” and “Transition Elements” were the

most common options taught in the chemistry classrooms in the years 1990–2006.

Thus, most chemistry educators were confident in, and familiar with the teaching of

“Phase Equilibria” and “Transition Elements”. The sudden phasing out of option

topics, and the incorporation of the “Chemistry of Life” as a compulsory integral

part in the CIE ‘A’-Level syllabus in 2007, have proved to be a challenge not only

for chemistry educators, but also for students who have not opted to study Biology

at ‘A’-level. Chemistry educators were required to prepare for the new curriculum

content, and to review their teaching strategies and teaching resources. Further-

more, analysis of CIE Examiners’ Reports (2007–2010) [2] has revealed that many

chemistry students encountered difficulties when dealing with questions pertaining

to the “Chemistry of Life”.

The topic “Chemistry of Life” is very closely related to biochemistry, which

deals with the study of chemical substances, and chemical reactions and processes

occurring in living organisms. Thus, “Chemistry of Life” as per CIE ‘A’-Level

syllabus, comprises entirely biochemistry-related concepts, namely, proteins and

amino acids, enzymes, nucleic acids, ATP and metal ions in biological systems. In

addition, just like chemistry, biochemistry is a science that is investigated within

the macroscopic, microscopic, and particularly, the submicroscopic (molecular)

levels of organization [3, 4]. Accordingly, for proper and meaningful understanding

of biochemistry or “Chemistry of Life”, students are required to readily translate

between these three levels of organization, a condition that can be rather difficult

and confusing for them. Not surprisingly, several authors have highlighted that

students’ difficulties and misconceptions in learning biochemical concepts and

processes emerge at the molecular level due to the abstract nature of the concepts

[5, 6]. Another reported difficulty in learning biochemistry includes the visuali-

sation of the three dimensional orientation of molecules, which play a critical role

in determining reactivity and properties [7].

According to CIE Examiners’ Reports [2], many students encountered

difficulties in answering questions pertaining to “Chemistry of Life”. Some of the

problems encountered by students relate to: deducing the sequence of amino acids

condensing and drawing correct polypeptide chain; reading the sequence of codons

given; explaining the roles of RNA in protein synthesis; understanding the sequence
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of events occurring during protein synthesis; and sketching curves to illustrate the

effect of competitive and non-competitive inhibitors on the rate of enzyme-

catalyzed reactions amongst others. It has also been reported by CIE examiners

that some students tend to answer questions of the “Chemistry of Life” from a

biological perspective rather that from a chemical perspective, and students made

little efforts to apply chemical knowledge when answering the questions. Further-

more, “Chemistry of Life” is a topic that involves many microscopic chemical

concepts that cannot be easily viewed or demonstrated.

On the other hand, it is acknowledged that computer technologies offer potential

means to promote molecular understanding and to enhance the teaching and

learning of chemistry concepts [8]. Computer technologies are also reported to

allow simultaneous representation of molecular and macroscopic views of the same

phenomena [9]. Further, findings from research in education have revealed that, use

of ICT coupled with the necessary pedagogical strategies, can engage students in

higher-order thinking [10], and can allow students to work at their own pace

[11]. Findings from Abdoolatiff and Narod [8] have also shown that use of

computer simulations in classroom teaching has a positive impact on students,

both in terms of enhancing acquisition of concepts, and of increasing their motiva-

tion, interest and engagement in the lessons. Modern computer aids and ICT tools

thus not only represent an innovative model on which chemistry teaching can be

based, but also offer a wide range of potential uses in classroom teaching and

learning of chemistry, ranging from powerpoint presentations, use of short videos,

computer simulations to the use of 3D-animations, and data-logging amongst

others.

In the literature, numerous advantages have been linked with the use of computer

animations in the teaching and learning of chemistry concepts. Computer-generated

animations are series of still computer generated pictures that are presented in

succession so that the illusion of motion is developed, much like a picture flip-book

[12]. Animations differ in that they offer two unique attributes that still pictures do not,

namely trajectory and motion [13]. Further, O’Day [14] claimed that animations can

address the different learning styles of students, and can assist long-term memory

retention. It has also been reported that students enjoy learning with animations

[13]. Findings from several studies have also shown that students who receive

instructions including computer animations of chemical processes at the molecular

level are better able to answer conceptual questions about particulate phenomena

representation [12, 15, 16]. Computer animations also allow dynamic phenomena to

be visualized and are represented more easily; research has indeed shown that

computer animations can enhance understanding of dynamic molecular processes

[17]. Further, according to Gardner et al. [18] learning is multi-dimensional with

computer animations.

In addition, Muñoz-Repiso and Tejedor [19] claimed that in this technological

era and information age, students are required to restructure their conceptions on

the characteristics of learning environments, while Selwyn and Husen [20] men-

tioned that the ability to make good use of ICT, in this highly globalised world, is

seen as an essential ‘life skill’ for individuals. On the national scale, it needs to be
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highlighted that there has been a concerted endeavour and emphasis on integrating

use of ICT in classroom teaching in Mauritius over the past years. It has been

clearly specified [21] that to be able to function effectively in the fast evolving

socio-economic context, and to respond to challenges and opportunities of the

modern world, learners should be able to use ICT tools. In fact, it is clearly

stipulated that technology be embedded in the education system as from the

pre-primary to secondary levels in the Education and Human Resource Strategy

Plan 2008–2020 [22]. It is also recommended that ICT be used as a support for

learning [21], and that pre-primary and primary schools be encouraged to use ICT

as a tool in the teaching/learning process in view of exposing young learners to

modern technology [22]. It has also proposed that ICT facilities would be provided

to all secondary schools to ensure that teachers use ICT on a regular basis for

teaching and learning, and it is envisaged that all students leaving secondary

schools are equipped with ICT skills to adapt to the requirements of future needs

of independent learning [22]. In the same context, the National Curriculum Frame-

work for Secondary Education has also called upon teachers to exploit ICT tools in

their practice to empower students to cope with our technology-oriented society

[23]. Thus, the incorporation of ICT as a subject at primary level with the provision

of a computer room with computers in primary schools, and the provision of ICT

equipment in state secondary schools provide clear evidence of the commitment of

the Government in supporting and facilitating the use of ICT in classroom teaching.

In light of the above discussions pertaining to the difficulties encountered in

teaching and learning of the topic “Chemistry of Life”, and taking into consider-

ation the apt need of incorporating modern technology in the teaching/learning

process, we have planned this study to investigate the use of computer animations in

the teaching of the afore-mentioned topic through an action research. Further, being

aware of the reported underpinning benefits of the use of computer animations in

the teaching of abstract and complex concepts brought forward by other research

studies, the present action research aimed at enhancing students’ conceptual under-

standing of the “Chemistry of Life” by making use of computer animations.

15.2 Methodology

15.2.1 Participants

The action research was carried out in a girls’ private secondary school during the

second school term of year 2011, over a period of 9 weeks in the months of May and

June. The participants were 14 students, girls in the range of 18–19 years, who have

opted to study chemistry as a main subject at the CIE ‘A’-Level. The participating

students were enrolled in an Upper Six class, which is the second and final

preparatory year for the CIE ‘A’-Level examinations (students are usually prepared

for the CIE ‘A’-Level examinations over a period of 2 years). The participants were
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preparing to sit for the CIE ‘A’-Level examinations in November 2011. While all

the participants have studied biology at the CIE Ordinary-Level (‘O’-Level), only

five of them had opted to study biology as a main subject at the ‘A’-level together

with chemistry.

15.2.2 Data Collection Tools

For the purpose of the study, a multi-method approach known as triangulation [24]

has been used to obtain both qualitative and quantitative data. The data-gathering

instruments employed during the study include:

a. Observation Checklists

While implementing the lessons during the action research, the students were

observed at work to gather information about their motivation, interest, partici-

pation, interactions and understanding when computer animations were used.

For this purpose, detailed observation checklists were used. The checklists were

carefully designed and included criteria like students’ motivation, interest,

participation, interactions and understanding of concepts being addressed. In

addition, the observation checklists also included criteria related to the use of

computer animations, types of computer animations used as well as the different

ways in which animations were presented to students during the lessons.

b. Students’ Achievement Tests

Students’ achievement tests were designed and administered to the participants

to gather information regarding their understanding of concepts taught through

use of computer animations. Three tests were set, namely Tests 1, 2 and 3 which

were administered to all participant students, after Cycles 1, 2 and 3 respectively

to find out about their understanding of concepts dealt with in each cycle. All the

tests set included multiple choice items, short answer questions and structured

open-ended questions. The maximum number of marks achievable for each test

was 40 and students were allocated 80 min to complete each test.

c. Students’ Questionnaire

After completing the three cycles of the action research, a questionnaire was

administered to all participants in an attempt to determine whether use of

computer animations had an impact on students’ motivation and interest during

the lessons. The questionnaire also sought to answer other questions related to

students’ understanding of concepts taught through use of computer animations,

as well as their perceptions, attitudes and personal opinions regarding use of

computer animations during the lessons. In addition, the questionnaire also

included items that helped the researchers to find out about students’ preferences

for the different types of computer animations used during the study. Further, it

allowed the researchers to get an insight into features and certain aspects that

could not be observed during the lessons.
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The questionnaire was designed in line with the objectives of the study, and

consisted of both open-ended and close-ended questions. For the close-ended

questions, the participants were required to select the answer they found most

appropriate from given answers. On the other hand, the open-ended questions

ensured qualitative dimensions to the participants’ views and opinions.

15.2.3 Research Design

The study was carried out during May and June 2011, through an action research

comprising three cycles, each of which included three lessons with a duration of either

70 min (2 periods of 35 min) or 105 min (3 periods of 35 min). During all the nine

lessons of the action research, computer animations have been used to teach the

“Chemistry of Life” topic. The section “ComputerAnimationsUsed” gives an overview

of the types of computer animations used during the study, and the concepts addressed.

Computer Animations Used

As mentioned in Sect. 15.1, computer animations are series of still computer-

generated pictures that are presented in succession so that the illusion of motion

is developed, much like a picture flip-book [12]. Computer animations used for the

purpose of the present study have been broadly classified into the following three

groups depending on their sources and interactivity:

1. Teacher-prepared PowerPoint 2D computer animations
These 2D-animations were designed and prepared by the teacher-researcher

using Microsoft PowerPoint. The animations were non-interactive. Thirteen

such animations were prepared and used during the study to teach the following

concepts:

• The generalized structure of an amino acid;

• Peptide link formation;

• Apoenzyme, holoenzyme, cofactors, coenzymes and prosthetic group;

• Chemical denaturation of enzymes;

• ATP and its role in metabolism; and

• Role of metal ions (Fe2+, Na+ and K+) in biological systems.

2. 2D and 3D flash animations
2D and 3D flash animations were selected from the web in line with concepts

pertaining to the “Chemistry of Life” and were downloaded freely. These

downloaded 2D and 3D-animations were also non-interactive. A total of nine

such animations were used to teach the following concepts:

• The different levels of protein structure (primary, secondary and tertiary);

• Components and structure of DNA and RNA;

• The genetic code and codons; and

• Protein synthesis – transcription and translation.
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3. Interactive online animations
The third type of animation included interactive flash animations which could be

used freely online. These animations were selected in line with concepts

pertaining to the “Chemistry of Life”. A total of nine interactive flash animations

were selected from the web and used in the teaching of the following concepts:

• Enzyme specificity;

• Enzyme inhibition (competitive and non-competitive);

• Complementary base pairing in DNA;

• Semi-conservative replication of DNA;

• DNA replication;

• Mutations and types of mutations; and

• Genetic diseases (sickle cell anaemia and cystic fibrosis).

Thus, a total of 31 computer animations were used in the present study. All the

computer animations were either prepared by the teacher-researcher, or selected

from the web in line with the aims and objectives of the CIE ‘A’-Level chemistry

syllabus for the topic “Chemistry of Life”. The lessons were carefully planned,

and appropriate worksheets were designed in line with the syllabus requirements

and the animations’ contents, in an attempt to incorporate use of the selected

computer animations during the lessons.

15.3 Results and Discussion

For the purpose of the present study, both quantitative and qualitative data-

collection tools have been used. Qualitative data were collected mostly through

observation checklists and open-ended questions in the questionnaire, while quan-

titative data were collected through achievement tests and close-ended questions

in the questionnaire. The data gathered during the research are presented and

discussed in this section.

15.3.1 Observation Checklists

In Cycle 1, it was observed that the use of PowerPoint 2D animations did facilitate

students’ understanding of concepts, like ‘condensation polymerization of amino

acids’ and ‘peptide bond formation’. However, it was also noted that some students

encountered difficulties to retrieve information from the animations. Based on

observation and reflection, these difficulties were attributed to the fact that the

designed animations lacked verbal cues and labeling that would have facilitated

retrieval of appropriate information. Indeed, Mautone and Mayer [25] reported that

when using computer animations, an important aspect to consider is the “detection
of information by the learners, especially if the latter are novices”. Further,
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students’ participation level was generally low; they passively and silently watched

the PowerPoint animations. It was also noted that a few students were not showing

signs of motivation as evident from their facial expressions; this might be due to the

fact that students were not actively engaged but were passively viewing the

animations. The lack of motivation could be related to the fact that the teacher-

designed animations were not appealing to students, in terms of colour or design, in

line with Grabe and Grabe [26] who mentioned that attractive integrated features in

animations such as colour may tap on students’ interest. Based on observations

during lessons of Cycle 1, amendments and improvements were made for the design

of the PowerPoint animations, as well as regarding strategies to be used during the

lessons in Cycle 2.

Observations during the lessons in Cycle 2 have revealed that students’

motivational level has increased compared to Cycle 1; they were found to view

the animations with greater zeal. This was attributed to the fact that the computer

animations designed for Cycle 2 included more colour schemes as well as accom-

panying verbal cues and labeling which were absent in the teacher-designed

animations used in Cycle 1. It was also observed that the use of the designed

computer animations promoted understanding of complex and abstract concepts,

like cofactors, prosthetic groups and coenzymes. In addition, verbal cues and labels

integrated in the animations were found to facilitate retrieval of information, and to

promote conceptual understanding. The verbal cues directed students’ attention to

the relevant key information as claimed by Mautone and Mayer [25]. Observations

made during Cycle 2 have clearly pointed out that use of questioning (both oral and

written) together with computer animations not only helped to increase classroom

interactions (teacher-students and student-student) but also enhanced students’

understanding of the concepts. It was clearly evident in Cycle 2 that students’

participation and engagement during the lessons were improved when the computer

animations included appropriate colour schemes, verbal cues and labeling.

During the present study, two separate animations were designed by the teacher-

researcher to explain what coenzymes are, and what prosthetic groups are. A very

interesting finding of the study was that students were found to have difficulties to

differentiate between these two terms without teacher’s scaffold. These difficulties

could be attributed to students’ inability to relate information presented through the

two animations, in concurrence with Ainsworth [27] who claimed that translation

between two representations can influence students’ understanding; the author also

emphasized on the need of supporting translation across representations to maxi-

mize learning outcomes.

Observations from Cycle 3 have further revealed that the designed computer

animations helped to promote conceptual understanding and that students were

successful in retrieving relevant information from the animations. For example,

they could easily identify the components of ATP as ‘adenine’, ‘ribose’, and

‘phosphate groups’ from the relevant animation. They were also able to develop

understanding of abstract concepts such as ‘role of ATP in metabolism’, and

‘hydrolysis of ATP’, through use of the designed PowerPoint animations. It was

also observed that integrated ‘audio-questioning’ in the designed animations
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enhanced students’ conceptual understanding. Students were also found to be fully

and actively engaged in the lessons including use of PowerPoint animations; they

viewed the animations attentively and answered the oral and written questions. It

was also noted that students’ motivational level and engagement were highest in

Cycle 3 as compared to Cycles 1 and 2. This could be attributed to improvements

made in the PowerPoint animations in terms of colour design, graphics and integra-

tion of “audio” questions as the action research moved from cycle to cycle. Thus,

we report here that designed PowerPoint animations can promote students’ under-

standing of concepts related to the “Chemistry of Life”. This is in line with Parette

et al. [28] who claimed that PowerPoint animations allow presentation of instruc-

tional content in a clear and systematic format while students are engaged in the

lessons.

Regarding downloaded 2D and 3D flash animations, in Cycle 1 they were used

with their accompanying audio-narrations. One major difficulty faced by students

was language barrier, which impeded on their comprehension of certain key words

in the different animations. The mother tongue of the participant students is

‘Creole’ (French-based creole language); thus they lacked the appropriate phonetic

skills that would have enabled them to understand the English-based audio narra-

tion. According to Wong [29], lack of phonetic skills can hinder listening ability.

Nevertheless, it was found that when the animations were accompanied with

written texts, together with the audio-narrations, students were better able to follow

and understand the animations. Another important finding was that when the flash

animations were played in a continuous manner, the participants encountered

difficulties to retrieve information; the animations had to be viewed several times

for students to develop conceptual understanding. This might be explained by the

Cognitive Load Theory, which postulates that working memory can only accom-

modate a limited amount of information at a time; when this limit is exceeded,

‘cognitive overload’ results and processing (learning) is impaired [30]. Thus, when

animations were viewed in a continuous manner, students could not grasp all

information displayed at one go. These findings are also in line with Ayres

et al. [31] who mentioned that students may be confused and overwhelmed

throughout animation viewing if they are unable to properly process all incoming

information before it disappears. Thus, in Cycles 2 and 3 of the present action

research, two major amendments were made regarding use of flash animations –

firstly, the animations were not played in a continuous fashion, but each animation

was played with intermittent pauses during which students had to answer oral

and/or written questions. Secondly, students were provided with written transcripts

of the audio narrations. It was interesting to note that allowing students to view

animations with intermittent pauses, during which they could answer questions and

discuss with peers and teacher helped to enhance conceptual understanding better

than viewing the animations continuously. Retrieval of information was also

facilitated through use of animations with pauses, which allow for increased

classroom interactions. Lowe [32] highlighted that it is important to break

animations into chunks to help students integrate each piece of information. On

the other hand, provision of written transcripts of the animations helped in
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minimizing students’ language problems, thereby further facilitating retrieval of

information. Most importantly, it was noted that use of flash animations also

increased students’ motivational and engagement levels; indeed, students were

more motivated and engaged with use of the flash animations than with PowerPoint

animations.

Our findings have also revealed that use of interactive online animations

facilitated understanding of concepts like enzyme inhibition, competitive and

non-competitive inhibition, as well as DNA structure. Most importantly, we

found that students’ participation, engagement and motivation were highest when

the animations were interactive, allowing learners to interact with technology and

with the concepts under study. Students’ motivation and enjoyment of the interac-

tive animations were evident during the lessons. They were found to appreciate

animations with increased levels of interactivity; this impacted positively on their

conceptual understanding. It was also observed that teacher-student interactions

were greater in lessons involving use of interactive animations, as compared to

non-interactive ones. Interactive animations are indeed reported to motivate

students to invest more mental effort in learning, thereby enabling them to achieve

higher performance [33]. Interactive animations were also found to allow partici-

pant students to take ownership of their learning thereby increasing their motiva-

tional level, in agreement with Deci and Ryan [34] who reported that increasing

learners’ sense of control can impact positively on their motivation.

It needs to be highlighted that during the first lesson involving use of online

interactive animations, several students were slightly distracted by the fact that they

were working online and had a tendency to open side pages of the internet.

Nevertheless, as soon as the teacher reminded them to focus on their tasks, they

became focused and engaged in the lessons. Interestingly, no such problems arose

during subsequent lessons involving use of online interactive animations. Thus, our

findings tend to support Hembrooke and Gay [35], who mentioned that when

integrating technology in classroom teaching, it is essential to keep learners on

task and to minimize electronic distractions.

Another problem that was noted in the first cycle of the action research was that

students had a tendency to copy verbatim the short notes projected in the animations

while answering questions in teacher-prepared worksheets. Reflecting on this

problem leads to the insinuation that questions set in the worksheets were too

straightforward and did not encourage thinking. Thus, in the later cycles, more

challenging and higher-order questions were included in the worksheets in an

attempt to foster higher order thinking skills amongst the students.

15.3.2 Students’ Achievement Tests

After completing each cycle of the present action research, information was gath-

ered about students’ understanding of concepts taught by administering a Students’

Achievement Test. Thus, three different tests were administered to participant
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students, namely Test 1, 2 and 3 after cycles 1, 2 and 3 respectively, to assess their

conceptual understanding, and to obtain information about their performance after

each cycle. The maximum score achievable for each test was 40.

The marks and percentage marks scored by students in the three tests are given in

Table 15.1, while Fig. 15.1 gives a comparison of the minimum, maximum and

average marks obtained by students in the three tests. (Students have been given
code names for ethical reasons).

From Fig. 15.1, it can be seen that there has been a slight, but definite, improve-

ment in students’ performance from Test 1 to 2 and 3. The maximum mark rose

from 30 in Test 1 to 34 and 35 in Tests 2 and 3 respectively, while the average

Table 15.1 Students’ scores and percentage scores obtained in Tests 1, 2 and 3

Student’s code name

Score out of 40

in Test 1 (%)

Score out of 40

in Test 2 (%)

Score out of 40

in Test 3 (%)

A1 28 (70 %) 29 (73 %) 26 (65 %)

A2 27 (68 %) 27 (68 %) 31 (78 %)

A3 19 (48 %) 16 (40 %) 20 (50 %)

A4 25 (63 %) 20 (50 %) 22 (55 %)

A5 30 (75 %) 34 (85 %) 35 (88 %)

A6 23 (58 %) 24 (60 %) 20 (50 %)

A7 25 (63 %) 25 (63 %) 28 (70 %)

A8 23 (58 %) 26 (65 %) 28 (70 %)

A9 27 (68 %) 28 (70 %) 30 (75 %)

A10 20 (50 %) 29 (73 %) 29 (73 %)

A11 19 (48 %) 23 (58 %) 29 (73 %)

A12 27 (68 %) 32 (80 %) 29 (73 %)

A13 26 (65 %) 22 (55 %) 23 (62 %)

A14 15 (38 %) 12 (30 %) 17 (42 %)

Fig. 15.1 Comparison of minimum, maximum and average marks scored by students in Tests 1, 2

and 3
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marks rose from 24 in Test 1 to 25 and 26 in Tests 2 and 3 respectively. Though the

minimum mark decreased from 15 in Test 1 to 12 in Test 2, it then rose to 17 in

Test 3. Analysis of Table 15.1 reveals that the minimum mark in the three tests has

been scored by one and the same student (A14); though she scored less than 40 %

(Pass mark: 40 %) in Tests 1 and 2, she was able to pass in Test 3 with a score of

42 %. Data from Table 15.1 also show that the performance of the majority of the

students (10 out of 14, representing 71.4 %) has improved as the action research

moved from Cycles 1–3. Nevertheless for the remaining four students, their perfor-

mance was satisfactory in the three tests, with percentage scores ranging from 50 %

to 73 %, with no one failing.

In order to have a more detailed view about students’ performance in the tests, a

comparison of the number of students scoring in the different percentage ranges in

the three achievement tests is given in Fig. 15.2.

It is noted that all students have obtained pass marks (�40 %) in the three tests,

except for the one student (A14) who failed (score < 40 %) in Tests 1 and 2, but

managed to score a pass mark in Test 3. Both Figs. 15.1 and 15.2 point to an overall

improvement as the research moved from Cycle 1 to Cycles 2 and 3. From

Fig. 15.2, it is also noted that the number of students scoring percentage marks in

the ranges 51–60 % and 61–70 % has decreased from Test 1 to 2 and 3, while there

has been an increase in the number of students scoring in the range of 71–80 %.

In view of the above discussion and interpretation of data presented in Table 15.1

and Figs. 15.1 and 15.2, it is obvious that use of computer animations has impacted

positively on students’ conceptual understanding of “The Chemistry of Life”.

Students were able to develop understanding of the concepts involved and were

able to perform well in the three tests. Further, the performance of most students

Fig. 15.2 Comparison of the number of students scoring in the different percentage ranges in the

three achievement tests
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shows a definite improvement as we moved from cycle to cycle – this may be

accounted for by two reasons. Firstly, students got more andmore acquainted to use of

computer animations as the research moved on and secondly, due to improvements

and amendments made while implementing use of computer animations during the

lessons. Thus, our findings tend to support results from other researchers who reported

that computer animations can improve students’ understanding of chemistry and

biology concepts by facilitating understanding of chemical processes at the molecular

level, dynamic phenomena and processes involving motion resulting in enhanced

students’ achievement and performance [17, 36–39].

15.3.3 Students’ Questionnaire

After completing the three cycles of the action research, a questionnaire was

administered to all participants to collect data regarding their attitudes and opinions

on the use of computer animations in the teaching of the “Chemistry of Life”. In this

section, pertinent findings from the students’ questionnaire are presented and

discussed.

• Students’ exposure to computer animations prior to this study

When asked whether they have been exposed to use of computer animations

during classroom teaching prior to this study, the majority of the students (64 %)

answered negatively, while the remaining answered positively as shown in

Fig. 15.3. On further probing, it was found that those who answered positively

were those studying biology as a principal subject – their biology teacher made

use of videos and animations to teach certain biological concepts using her

personal laptop. However, it seemed that they were exposed only to teacher-

controlled mode of presenting animations.

• Students’ responses to whether computer animations can help in better

understanding of concepts

From Fig. 15.4, it is noted that most students (71.4 %) agreed or strongly agreed

that computer animations helped them to better understand concepts, while the

Fig. 15.3 Students’

exposure to computer

animations prior to this

study

15 Enhancing Conceptual Understanding of the “Chemistry of Life”. . . 219



remaining 28.6 % answered negatively. Students who answered positively

claimed that computer animations helped them to visualize concepts better

allowing them to understand complex concepts such as protein structure, factors

affecting enzyme activity, DNA replication and protein synthesis. Some even

mentioned that use of computer animations helped them to understand concepts

faster than in traditional classroom situation. These findings support results

obtained through observation checklists and achievement tests, and are in line

with findings from Starbek et al. [40] who reported that computer animations can

enhance students’ comprehension skills.

Students who answered negatively pointed out that they found it difficult to

develop understanding of concepts from the animations. This might be due to the

fact that they lacked spatial aptitudes, and preferred the traditional expository

teaching method. Evidence suggests that the effectiveness of multimedia

learning designs varies according to the learner’s spatial aptitudes [41].

• Students’ responses to whether computer animations can help in better

retention of concepts

Findings from Fig. 15.5 reveal that almost all students (92.9 %) agreed or

strongly agreed that computer animations can help in retention of concepts.

Fig. 15.4 Students’ responses to whether computer animations can help in better understanding of

concepts

Fig. 15.5 Students’ responses to whether computer animations can help in better retention of

concepts
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These students stated that they were able to recall about concepts taught through

use of computer animations during the achievement tests. Our findings concur well

with those of Rebetez et al. [42]; these authors asserted that computer animations

do have a beneficial effect on students’ retention. Only one student (7.1%) claimed

that computer animations did not help her to retain concepts; she mentioned that

she had difficulty remembering facts about DNA, protein synthesis and ATP.

• Students’ views regarding use of computer animations in the teaching of

“Chemistry of Life”

When asked about how they found use of computer animations in the teaching of

the “Chemistry of Life”, it is worth noting that all students unanimously stated

that they found it very interesting (43 %) or interesting (57 %) as depicted in

Fig. 15.6. Students said that computer animations allowed them to learn in a

different way, and that they liked the ‘colored images’ and ‘sound effect’.

Indeed, adding graphics to scientific text has been reported to increase students’

interest [43].

• Students’ responses to whether use of computer animations has helped

to motivate them

From Fig. 15.7, it can be noted that the majority of students (13 out of

14, representing 93 %) claimed that use of computer animations in the teaching

of “Chemistry of Life” has helped to motivate them. This finding not only

confirms data collected through observation checklists, but is also in line with

results from earlier research which has shown that use of computer animations

and simulations does have beneficial effects on students’ motivation [8, 44].

Only one student (7 %) claimed that she was not motivated by use of computer

animations and that she preferred teacher expository explanation and note-giving.

Fig. 15.6 Students’ views

regarding use of computer

animations in the teaching

of “Chemistry of Life”

Fig. 15.7 Students’

responses to whether use

of computer animations has

helped to motivate them
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She was the same student who scored minimum marks in the three tests. This

finding thus shows that lack of motivation may impact negatively on students’

conceptual understanding and achievement.

• Students’ perceptions regarding the different types of computer animations

used during the present study

Most students (57 %) claimed that they were more motivated during the lessons

when the computer animations were interactive. This finding further confirms

data gathered during classroom observation; students were found to be more

motivated when they were interacting with the computer animations. Rotbain

and co-workers [44] have recently reported that to use computer animations

effectively in the teaching/learning process, it is important to make them inter-

active so as to increase students’ involvement in their learning. Further, Deci and

Ryan [34] pointed out that one way of enhancing learner’s motivation is to

increase his or her sense of control by providing choice or locus of control. Most

students (57 %) also stated that use of interactive animations made the lessons

more interesting than non-interactive ones; this further supports the finding that

students were more motivated and more interested when using interactive

animations during the lessons. These findings are in line with those of Lepper

[45], who reported that students showed more enjoyment, better performance,

and greater persistence at a variety of activities when dealing with animations

having a higher degree of control and interactivity.

Furthermore, most of the participant students (64 %) claimed that interactive

animations were more effective in promoting thinking than non-interactive ones.

These findings not only confirm data gathered through observation, where it was

noted that students were more engaged in thinking while working with learner-

controlled animations, but also concur well with results from the study by White

and Bolker [46] who found that interactive animations promoted the active

engagement and application of the learnt material.

• Students’ responses to whether computer animations can be used in the

teaching and learning of other subjects

When asked whether computer animations can be used in the teaching and

learning of other subjects, most of the participants (71 %) answered positively

(Fig. 15.8), claiming that computer animations would help them understand

certain concepts faster.

Students who answered negatively to this question argued that use of computer

animations is time consuming; this might affect syllabus completion or coverage.

Fig. 15.8 Students’

responses to whether

computer animations can be

used in the teaching and

learning of other subjects
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15.4 Conclusions

The purpose of the present study was to enhance conceptual understanding of the

“Chemistry of Life” at the CIE ‘A’-Level by making use of computer animations

during the lessons. Our findings have revealed that use of computer animations had

a positive impact on the participant students, not only in terms of conceptual

understanding, but also on their motivation, interest and engagement during the

lessons. Findings from the different data-collection tools all pointed out to

enhanced students’ motivation and engagement during the lessons as well as

improved understanding of the concepts under study. Thus, results from the present

study lend further support to earlier claims that computer-based animations can

deepen students’ conceptual understanding and enhance their motivation, interest

and engagement [40, 44, 47, 48].

In addition, our findings have also revealed that when designing computer

animations for classroom teaching, it is important to include relevant cues and

labeling. The latter were found to impact positively on students’ conceptual under-

standing and motivational level as they facilitated retrieval of information from the

animations; verbal cues are reported [25] to direct students’ attention to key

information thereby promoting conceptual understanding. We found that in the

absence of appropriate cues and labeling, students encountered difficulties to follow

the animations and to retrieve information that would help them to develop under-

standing of the concepts under study. On the other hand, embedded oral questions in

teacher-prepared PowerPoint computer animations were found to promote

students’ thinking and teacher-students interactions, both of which contributed

positively to students’ engagement and understanding of concepts.

The use of computer animations in classroom teaching is more effective when

students are allowed to view them with intermittent pauses rather than viewing the

complete animation continuously. During the pauses, students can be engaged

either in oral discussion with teacher and/or peers, or in answering guiding

questions (in designed worksheets) that focus their attention on the concepts, and

help them to retrieve relevant information. Such activities during the pauses were

found to contribute positively to students’ engagement and understanding. Further-

more, we would also like to emphasize that when designing worksheets to be used

in conjunction with computer animations, teachers should integrate high-level

cognitive questions that would help learners to construct understanding of the

concepts addressed by the animations. This is in line with what Rotbain

et al. [44] recommended based on a study on the use of computer animations in

the teaching of high school molecular biology.

Findings from our study have also revealed that students’ motivation and level of

engagement during the lessons were highest when the animations were interactive.

Learner-controlled interactive animations were found to be the most effective in

enhancing students’ motivation and engagement as compared to non-interactive

ones. In addition, participant students have claimed that interactive animations were

more motivating and more interesting, have helped in better retention of concepts,

and were better to encourage thinking as compared to non-interactive ones.
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We also report here that use of computer animations in classroom teaching can

accommodate a variety of strategies and resources like cooperative learning, hands-

on practical, use of analogies and specially designed worksheets amongst others.

For instance, written questions (in worksheets) and oral questions used in conjunc-

tion with computer animations were found to encourage students’ thinking, and to

keep them engaged during the lessons, thereby facilitating retrieval of information

and promoting conceptual understanding. When using practical activity in conjunc-

tion with computer animations, it was found that while practical work allowed

students to develop conceptual understanding at the macroscopic level, computer

animations facilitated conceptual understanding at the microscopic level [38,

49]. We also found that when using downloaded animations, language barrier can

impede on students’ comprehension of the accompanying oral narration or expla-

nation. This barrier can be overcome by providing learners with a written transcript

of the narrations, or by allowing learners to view the animations with teacher-

recorded oral narration.

Based on experiences gained during the present study, we assert that prior

planning and preparation by teacher allows proper implementation of lessons

incorporating use of computer animations. All the animations to be used need to

be carefully previewed by teacher and organized in labeled folders so that they

are easily accessed during the lessons. The teacher also needs to ensure that the

required software(s) are properly installed on the computers or laptops. Further-

more, relevant worksheets need to be prepared based on the animations for achiev-

ing the desired learning outcomes in line with the curriculum content. Prior

planning also requires teacher to identify what resources and strategies to be used

in conjunction with the computer animations. This would help to actively engage

learners in retrieving relevant information from the computer animations for con-

ceptual understanding.

In conclusion, our results clearly indicate that use of computer animations has

impacted positively on students’ motivation, interest, engagement and conceptual

understanding of the “Chemistry of Life”. In line with Rotbain et al. [44], the

present study thus provides further support for the use of new technologies, such as

computer animations, in classroom teaching.
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Chapter 16

NaBH4-Mediated Complete Reduction

of the α,β-Unsaturated Ketone Units

of Chalcones in the Synthesis of Flavans

Ishmael B. Masesane and Ofentse Mazimba

Abstract In this chapter, the NaBH4-mediated reduction of both the carbon-carbon

double bond and the carbonyl group of chalcones and subsequent acid mediated

cyclisation of the resulting saturated alcohols to flavans is described. The chalcones

were readily prepared from commercially available acetophenone and salicylal-

dehyde derivatives. Through this sequence of reactions, 30,40-dimethoxyflavan

and 30,40,8-trimethoxyflavan were prepared in good overall yields.

16.1 Introduction

Borohydrides form part of the chemist’s classic arsenal of reducing agents employed

in organic synthesis. Sodium and potassium borohydrides in methanol or ethanol

for example are used for the reduction of ketones and aldehydes [1–6]. The use of

borohydrides in the reductions of ketones and aldehydes is classically thought to be a

chemoselective reaction. Isolated double bonds are normally inert to borohydride

reaction conditions. However, a few reports have appeared in the literature outlining

the NaBH4-mediated reduction of both the carbon-carbon and carbon-oxygen

double bonds of α,β-unsaturated carbonyl compounds to give saturated alcohols

[7–9]. In this paper we report the synthesis of 30,40-dimethoxyflavan and 30,40,8-
trimethoxyflavan involving the non-chemoselective NaBH4 mediated reduction of

the corresponding chalcones to give saturated alcohols which were cyclized in acid

to give the flavans.

Flavans are a class of flavonoids distinguished by the benzopyran core and are

widely distributed in the plant kingdom. It is of interest to develop an efficient

general method for the synthesis of flavans because many of them exhibit signifi-

cant biological and pharmacological activity [10–14].
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Prior to our work discussed in this chapter, Xue and co-workers [8] described

the reaction of salicylaldehyde derivative 1 and acetophenone derivative 2 in the

synthesis of the natural occurring flavan 5 (Scheme 16.1). To begin, a solution of

1 and 2 in the presence of KOH was stirred at room temperature to give chalcone

3. To set the stage for the cyclisation reaction, the trans carbon-carbon double bond
of 3 must either be isomerized to the cis form or completely reduced. In this case,

chalcone 3 was treated with H2 in the presence of a catalytic amount of Pd to give

intermediate 4 in 99 % yield. It is instructive to draw attention to the fact that both

the carbon-carbon and carbon-oxygen double bond of 3 were reduced by H2/Pd,

a reagent usually used for carbon-carbon double bond reduction. To complete the

synthesis, Lewis acid mediated cyclisation of intermediate 4 and acidic

de-protection of the MOM-protected hydroxyl groups delivered the desired natu-

rally flavan 5 in good yield.

Initial work of our group [9] involved reaction of salicylaldehyde 6 with

methoxyacetophenone derivatives of type 7 to give chalcones of type 8, followed

by NaBH4-mediated reduction of chalcones 8 and final cyclisation of the

corresponding intermediates to give flavans of type 9 (Scheme 16.2). During this

study, we noted that using m-methoxyacetophenone 7a resulted in the lowest

yields in all the three reactions involved in the synthesis of the flavans. In an effort

to understand these low yields, we decided to investigate the effect of using

3,4-dimethoxyacetophenone instead ofm-methoxyacetophenone, on the percentage

yields of the reactions.
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R = CH3OCH2 (MOM)

Scheme 16.1 Reagents and conditions: (i) KOH, CH3OH, 85 %. (ii) H2/Pd, EtOH, 99 %. (iii) BF3.

Et2O, 1,4-dioxane. (iv) deprotection, 90 % from 4
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16.2 Results and Discussion

Our synthesis of 30,40-dimethoxyflavan commenced with the commercially avail-

able 3,4-dimethoxyacetophenone 10 and salicylaldehyde 6 which were dissolved in

ethanol and allowed to react in the presence of NaOH to give chalcone 11 in 79 %

yield. Subsequent treatment of a solution of chalcone 11 in methanol with NaBH4

led to the reduction of both the carbon-carbon double bond and the carbonyl group

of the chalcone to give alcohol 12 in 85 % yield. Lastly, treatment of alcohol 12

with acetic acid at reflux for 30 min gave 30,40-dimethoxyflavan 13 in 82 % yield

(Scheme 16.3).

For the preparation of 30,40,8-trimethoxyflavan, a solution of acetophenone

derivative 10 and salicylaldehyde derivative 6a in ethanol and aqueous NaOH

was refluxed for 2 h and then neutralized with HCl to give chalcone 11a in 85 %

yield. Non-chemoselective NaBH4 mediated reduction of the alkene and carbonyl

group of chalcone 11a afforded alcohol 12a in 91 % yield. Subsequent cyclization

of 12a in acid gave the desired flavan 13a in 88 % yield (Scheme 16.3).

It is instructive at this juncture to draw attention to the fact that the use of

3,4-dimethoxyacetophenone gave significantly higher percentage yields for the

three reactions involved in the synthesis of the flavans than when m-methoxyace-

tophenone was used. However it is not clear yet to what this difference should be

attributed, so we offer no rationalization at this point.

The NaBH4-mediated reduction of the conjugated carbon-carbon double bond is

thought to proceed by conjugate addition of a hydride from the borohydride ion to

O

HO

O

OH

O

+ OMe MeO

OMe

i

ii, iii

6 7 = o-OMe 8 = o-OMe
7a = m-OMe 8a = m-OMe
7b = p-OMe 8b = p-OMe

9 = o-OMe
9a = m-OMe
9b = p-OMe

CHO

Scheme 16.2 Reagents and conditions: (i) 40 % NaOH(aq), ethanol, 60
�C, 2 h, 83 % [8], 66 %

[8a], 78 % [8b]. (ii) NaBH4, MeOH, 25�C, 10 min. (iii) AcOH, reflux, 30 min, 70 % [9], 38 %

[9a], 78 % [9b]
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the β-carbon atom of the chalcone 11 to give enolate 14. Protonation of enolate 14

affords saturated ketone 15 (Scheme 16.4) which is then reduced by NaBH4 to give

the observed alcohol. It is instructive to note that while we used NaBH4 in the

non-chemoselective reduction of α,β-unsaturated carbonyl system, Xue and

co-workers [8] reported the reduction of related compounds using H2/Pd.

O

OMe
MeO

CHO

OH
+

O

HO

OH

HO
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MeOMeO
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10 6. R = H 11. R = H
6a. R = OCH3 11a. R = OCH3

13. R = H 12. R = H
13a. R = OCH3 12a. R = OCH3

i
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R R

R

R

Scheme 16.3 Reagents and conditions: (i) 40 % NaOH(aq), ethanol, reflux, 2 h, 79 %(11), 85 %

(11a). (ii) NaBH4, MeOH, 25�C, 10 min, 85 %(12), 91 %(12a). (iii) AcOH, reflux, 30 min, 82 %

(13), 88 %(13a)
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Scheme 16.4 Possible mechanism of the NaBH4 mediated reduction of the conjugated C–C

double bond
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16.3 Methodology

16.3.1 General

All chemicals were purchased from Aldrich and were used without further purifica-

tion. Column chromatography was performed using Merck column-silica gel 60

particle size 0.040–0.063 mm. Infrared spectra were measured on a Perkin-Elmer

spectrum100 spectrophotometer fitted with a universal attenuated total reflectance

sampling device. 1H NMR, 13C NMR and 2D NMR spectra were acquired on a

300 MHz Bruker Avance DPX spectrometer using standard pulse sequences

and referenced to the residual solvent signal. Mass spectra were acquired using a

Waters GCT Premier mass spectrometer.

16.3.2 Experimental Procedure

To a solution of acetophenone (40 mmol) and salicylaldehyde (40 mmol) in EtOH

(50 ml) was added aq. NaOH (40 %, 10 ml) dropwise and the reaction was refluxed

for 2 h. The solution/suspension was poured into cold water and the reaction

mixture was neutralized with 2 M HCl until the solution was acidic. The yellow

precipitate was collected, washed with water and recrystallized from EtOH to yield

the clean chalcone. Sodium borohydride powder (5 eq, 33.5 mmol) was slowly

added to a stirred methanolic solution of the chalcone (6.7 mmol) at 25 �C.
The resulting suspension was stirred for 10 min and after cooling the reaction

mixture was quenched with 2 M HCl. The organic layer was separated and the

aqueous phase extracted with EtOAc (3 � 15 ml). The combined organic phase

was dried with MgSO4 and concentrated to obtain the saturated alcohol. Glacial

acetic acid (10 ml) was added to the saturated alcohol (4.4 mmol). The solution was

heated at reflux for 30 min, then cold water (15 ml) followed by saturated NaHCO3

(30 ml) were added, and the solution was extracted with EtOAc (2 � 20 ml).

The combined organic layer was washed with water and brine and dried over

anhydrous MgSO4. The solvent was then evaporated under reduced pressure and

the residue was purified by silica gel column chromatography eluting with petro-

leum ether-EtOAc (v/v, 4:1) to give the flavan.

16.3.3 Spectral Data of Flavans

Flavan 13; brown gum, υmax (neat): 2962, 2937, 1611, 1519, 1445 cm�1;

δH (300 MHz, acetone-d6): 2.09 (1H, m, H-3a), 2.20 (1H, m, H-3b), 2.77 (1H, m,
H-4a), 2.98 (1H, m, H-4b), 3.82 (3H, s, MeO-30), 3.83 (3H, s, MeO-40), 5.02 (1H,

dd, J ¼ 2.4, 10.5 Hz, H-2), 6.82 (1H, t, J ¼ 7.5 Hz, H-50), 6.84 (1H, t, J ¼ 1.6 Hz,
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H-20), 6.97 (1H, br s, H-60), 6.99 (1H, br d, J ¼ 1.8 Hz, H-7), 7.08 (1H, t, J ¼ 1.8

Hz, H-8), 7.09 (1H, t, J ¼ 1.8 Hz, H-6), 7.10 (1H, br s, H-5); δC (75 MHz, acetone-

d6): 24.8 (C-4), 29.5 (C-3), 55.2 (MeO-30), 55.3 (MeO-40), 77.4 (C-2), 110.1 (C-20),
111.6 (C-8), 116.5 (C-50), 118.3 (C-6), 120.0 (C-60), 122.0 (C-4a), 127.0 (C-7),

129.5 (C-5), 134.6 (C-10), 149.1 (C-40), 149.4 (C-30), 155.3 (C-8a); HRMS

(EI) found M+, 270.1258 C17H18O3 requires 270.1256.

Flavan 13a; brown gum, υmax (neat): 2937, 2844, 1611, 1519, 1445 cm�1; δH
(300MHz, acetone-d6): 2.08 (1H,m, H-3a), 2.16 (1H,m, H-3b), 2.78 (1H,m, H-4a),
2.97 (1H, m, H-4b), 3.77 (6H, s, MeO-30 and 40), 3.82 (3H, s, MeO-8), 5.00 (1H, dd,
J ¼ 3.3, 10.2 Hz, H-2), 6.68 (1H, dd, J ¼ 2.1 7.2 Hz, H-6), 6.77 (1H, dd, J ¼ 2.7,

7.8 Hz, H-60), 6.79 (1H, dd, J ¼ 2.1, 7.2 Hz, H-7), 6.97 (1H, d, J ¼ 7.8 Hz, H-50),
7.00 (1H, dd, J ¼ 2.1, 7.2 Hz, H-5), 7.10 (1H, d, J ¼ 2.7 Hz, H-20); δC (75 MHz,

acetone-d6): 19.6 (C-4), 24.8 (C-3), 55.22 (MeO-40), 55.23 (MeO-30), 55.4

(MeO-8), 77.3 (C-2), 109.9 (C-7), 110.3 (C-20), 111.7 (C-50), 118.4 (C-5), 119.5

(C-60), 121.2 (C-6), 122.6 (C-4a), 134.6 (C-10), 145.0 (C-8a), 148.8 (C-40), 149.0
(C-30), 149.4 (C-8); HRMS (EI) found M+, 300.1363. C18H20O4 requires 300.1362.

16.4 Conclusions

The use of NaBH4 in the reduction of both carbon-carbon double bond and

keto-group of chalcones has been described. This reduction reaction has been

shown to be central in the synthesis of flavans from chalcones. The use of chalcones

for the synthesis of flavans is also discussed.
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Chapter 17

Workshop on Unlocking the Potential

for Low-Cost Teaching in Third

World Countries

Jared C. Ogunde, Antony J. Rest, and Raymond G. Wallace

Abstract The sciences, i.e. Biology, Chemistry and Physics, together with

Mathematics are regarded as difficult by students, especially in thirdWorld Countries,

with the consequences that the number of students taking them was relatively small,

courses are expensive to stage, students get low grades, and the number of students

embarking on careers in these subjects is small whereas the needs for indigenous

scientists, engineers, technicians and medical practitioners are huge. A Workshop

was organised at ICPAC 2012 to highlight and address the problems and to promote

“hands-on” Chemistry and “live” Chemistry via multimedia resources. In order that

these resources can be available to both urban and rural students, the participants were

introduced to the Chemistry Aid solar classrooms whereby rural students could gain

access to IT and modern teaching and learning via low cost solar equipment which

could be used both for schools and in their communities. Other modern technology

was also demonstrated which could enable on-line resources to be customised for

science curricula. To enable students to realise that Chemistry is all around them, low
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cost resources and experiments using chemicals available in kitchen and supermarkets

were demonstrated in an interactive session. The practicalities of making the new

resources available via grants and sponsorship were part of a “brainstorming” session.

Feedback from participants was very positive about solar classrooms and “hands-on”

Kitchen and Supermarket Chemistry using plastic equipment.

17.1 Introduction

A principal goal for Governments of Developing Countries is to develop an

indigenous body of scientists, engineers, industrialists, medical practitioners and

technicians.

Some problems with this goal are that:

a. Science subjects, e.g. Biology, Chemistry, Mathematics and Physics, are

regarded as difficult by students;

b. Traditional science subjects, e.g. Biology, Chemistry, Mathematics and Physics,

are expensive to teach in schools, colleges and universities;

c. Students in rural villages have no electricity and water with which to support the

teaching of science subjects;

d. The grades achieved by students studying Biology, Chemistry, Physics and

Mathematics at all stages are very much lower than those for Humanities and

the number of students achieving A grades in science subjects is low (Fig. 17.1).

Fig. 17.1 Subject grade distribution in chemistry, physics, biology, agriculture, C.R.E (Christian

Religious Education) and history for the Kenya Certificate of Secondary Education in a rural

school in Western Kenya for 2010
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17.1.1 How Can These Problems Be Overcome?

The aim of the Workshop was to share experiences and innovations for supporting

the teaching and learning of Chemistry in Developing Countries, especially for

students in schools in rural regions and their communities. Pilot studies have been

carried out by the Scientific Advisory and Information Network of Kenya (SAIN),

the Chemistry Video Consortium (CVC) and Chemistry Aid in Kenya, Uganda and

Zambia (2003–2012). These pilot activities provided the basis for activities and

discussions in the workshop.

17.2 Background

In 2003 the Scientific Advisory and Information Network of Kenya (SAIN)

contacted the Chemistry Video Consortium (CVC), a project team based at

the University of Southampton, developing multimedia resources for teaching

Chemistry in the UK, to ask for assistance in supporting Chemistry teaching in

Kenya. In collaboration with the Education Department of the Royal Society of

Chemistry, the CVC forwarded books and multimedia resources and the Chemistry

Aid project was born [1].

In subsequent years the CVC and SAIN explored a number of ways to enable

students in Africa and Developing Countries to access modern aspects of teaching

and learning Chemistry, Physics and Biology through “hands-on” pilot schemes

(see below).

Microscale Chemistry.Microscale Chemistry [2] has the potential to drastically

reduce the costs of equipment and chemicals needed for practical Chemistry and to

enable experiments which normally require fume cupboards to be carried out on the

open bench (Fig. 17.2). Pilot evaluation was carried out in Kenya in 2004 and

seemed promising. Further research revealed, however, that the manufacture of

Microscale equipment in East Africa would not be feasible and so this approach

was abandoned.

Transfer of Equipment from UK. Many companies and institutions in the UK

offer redundant equipment for recycling in the UK and overseas. This recycling is

primarily carried out by a charity called LabAid (www.labaid.org). For example,

Fig. 17.2 Microscale

equipment; taken from CD

ROM number 11 of

“Practical Laboratory

Chemistry” produced

by CVC
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a consignment of equipment was sent to the Londiani Township Secondary School

in Kenya for use in neighbouring schools and colleges in 2010. This was a very

successful exercise and other “pump priming” shipments could be envisaged.

It would not be feasible, however, for LabAid to service the needs of all Developing

Countries.

Multimedia Resources. The CVC carried out a pilot Road Show in Kenya,

Uganda and Zambia in 2005 to evaluate the potential for using multimedia

resources to provide “live” Chemistry experiments and demonstrations of practical

Chemistry experiments [3, 4] (Fig. 17.3). It was found that while schools and

colleges in towns and cities had mains electricity supplies to run multimedia

equipment (the video equipment was of low basic standard, e.g. VHS video tape),

in the rural villages there was no mains electricity and a petrol generator was

needed to show the videos. A further Road Show was carried out in 2009. In this

Road Show it was found that CDROMs could now be played in towns and cities and

that most urban students had mobile phones. For rural villages, however, there was

still no mains electricity and the prospect of such a fundamental energy supply in

the near, medium and long term future remains poor.

Use of Plastic Equipment. Chemistry experiments traditionally use glass appa-

ratus. In Developing Countries glassware is costly, easily broken and difficult to

replace. This raises problems for schools and colleges for students sitting practical

examinations as part of national examinations. It was demonstrated during Road

Shows that inexpensive plastic equipment, readily obtainable from market stores

and supermarkets, can be used as a substitute for glassware in routine Chemistry

practical work. Additionally, plastic trays/sheets and Ziploc plastic bags can be

used in place of traditional laboratory benches (Figs. 17.4, 17.5 and 17.6). In the

case of the former, small drops of reagents can be used, thus keeping down costs

(Johnson JM, personal communication, johnson.j.m@btinternet.com) and plastic-

ware can be safely disposed of. In the case of the latter, kitchen chemicals

(see below), local minerals, and local fruits, flowers and vegetables can be used.

Experiments using gases can be devised safely and easily and in tiny quantities

using plastic Petri dishes [5]. Improvements in practical Chemistry facilities and

“hands-on” experiments have resulted in dramatic improvements in motivation and

Chemistry examination grades, e.g. from D to B, in a pilot project in rural schools in

the Kabale district of Uganda (Johnson JM, personal communication, johnson.j.

m@btinternet.com).

Fig. 17.3 Science bus used

for chemistry road shows in

Kenya
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Fig. 17.4 Students in

Uganda using plastic sheets

for chemical reactions

Fig. 17.5 Students in a

chemistry club in the UK

using ziploc plastic bags

Fig. 17.6 Interactive open day demonstrations at the University of Southampton
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Supermarket/Kitchen Chemistry. Chemistry teaching, especially in rural schools

and colleges, often involves just “chalk and talk” teachingwith learning by rote and no

experiences of “live” Chemistry. In the Road Show in 2007 in Kenya, Uganda and

Zambia it was demonstrated to students and teachers that local materials frommarkets

and supermarkets could be used to demonstrate that Chemistry is all around them.

This was often a surprise to students and teachers. Materials for such supermarket/

kitchen Chemistry teaching are inexpensive and can be easily disposed of after use

[Johnson JM, personal communication, johnson.j.m@btinternet.com; [6, 7]].

Solar Classrooms. In order to make resources universally available, the

Chemistry Aid team developed a solar classroom in 2010 [8] so that students in

towns and cities, where electricity supplies are often intermittent, and particularly

for students in rural villages, with no mains electricity, can have access to

modern teaching and learning and to IT facilities (Figs. 17.7, 17.8 and 17.9;

Fig. 17.7 News/press releases from science daily and the University of Southampton
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www.Chemistry-aid.com/news). In addition to the solar classrooms being used in

the daytime in schools, such facilities can be used in the evenings and weekends

for local communities, e.g. for training, information about agriculture and health,

and for social events. Request for information about solar classrooms have

been received from many countries, e.g. Burma, Cameroon, Haiti, India, Malawi,

Mauritius, and Thailand.

17.3 The Future

A basic principle of the work of Chemistry Aid is that resources should be available

to ALL students. It was not until the breakthrough with solar classrooms that this

principle was achieved. The next steps in various countries will be to generate

Fig. 17.8 Power balance

between solar panels and

solar classroom equipment

Fig. 17.9 Typical costs of

solar classroom equipment
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funding to implement the provision of resources and facilities, e.g. through the

on-line “Chemistry Images” database provided by the Royal Society of Chemistry

and the CVC, links on the Chemistry Aid web site, FACEBOOK, YouTube, and

iPad apps. It should be noted that the solar classroom concept is applicable not only

to Chemistry but to ALL subjects taught in schools, colleges and universities.

17.4 ICPAC Workshop

The Workshop was divided into three parts:

• A “brainstorming” session of participants in small groups to provide practical

suggestions about delivering “live” Chemistry and practical Chemistry

experiments especially for students in rural schools and colleges where there is

no electricity and running water.

• “Hands-on” session for participants to use techniques brought by the Chemistry

Aid team and to share experiments, techniques, materials and expertise brought

by ICPAC participants.

• A “brainstorming” session of participants in small groups to come up with

realistic solutions for implementing innovative schemes and applying for grants

to fund such schemes.

17.4.1 Experiments

During the workshop, several innovative experiments were carried out. These

included Microscale Chemical reactions such as micro-scale displacement reaction

of metals, reactions of transition metals and ‘Supermarket Chemical’ reactions

(also referred to as Kitchen Chemistry).

Microscale Chemistry Experiments: Displacement

Reaction of Metals

In these experiments Microscale reactions between metals and metal salt solutions

were carried out. More reactive metals react with less reactive metals in solution.

Worksheet

Plain photocopy papers were provided to the workshop participants. They were

required to draw a worksheet with five columns and five rows as shown below

(Fig. 17.10).
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Metals were delineated in columns as shown above and the aqueous solutions of

the metals, CuSO4, Mg(NO3)2, ZnCl2 and Fe(NO3)3 appear in rows (Fig. 17.10).

The Worksheets were placed in A4 plastic wallets.

Procedure

The metals, copper, magnesium, zinc and nail were placed in the corresponding

column on the Worksheet. Two drops of copper sulphate solution were then added

to each metal in the CuSO4 column. The procedure was then repeated for

Mg(NO3)2, ZnCl2 and Fe(NO3)3 solutions. A few minutes were allowed for

reactions to take place.

Small Scale Chemistry Experiments: Typical Reactions

of Transition Metals

Requirements

The chemicals required for these experiments are 0.1 M solutions of the transition

metal cations: Cr3+, Mn2+, Fe2+, Fe3+, Co2+, Ni2+, Cu2+, and Zn2+. In addition 2.0 M

solutions of NaOH and NH3 are required.

Plain photocopy papers were provided to the Workshop participants. The

participants were then asked to make a worksheet as shown below (Fig. 17.11).

Procedure

The Worksheet was then placed in an A4 plastic wallet (Fig. 17.12). A drop

of each cation solution was then placed in each box. In the box with the heading

‘one drop’, a drop of NaOH solution was added. In the other box the NaOH

solution was added in excess until some change was observed. This was repeated

with NH3 solution. The participants were asked to observe if any precipitate was

formed and whether the precipitate changed when excess of NaOH or NH3

solutions is added in excess.

CuSO4 Mg(NO3)2 ZnCl2 Fe(NO3)3
Copper turnings
Mg ribbon
Zn granules
Iron nail NOT steel
(or Fe filings)

Fig. 17.10 Worksheet 1
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Chemical Reactions in Supermarket Ziploc Bags Experiments

The materials used in these experiments are readily available in supermarkets, are

safe and can be easily disposed. In these experiments Small Scale reactions can be

used to demonstrate acid/base reactions as well as exothermic and endothermic

reactions.

Requirements

In order to carry out these experiments, several reagents were required such as

calcium chloride powder, sodium hydrogen carbonate, and citric powder among

other chemical reagents. Also required is the red cabbage juice which was made by

cutting the red cabbage into small pieces and then boiling in water until the water

was dark purple. The purple cabbage juice was used as an acid–base indicator.

Cation  1 drop NaOH  Excess NaOH  One drop NH3   Excess NH3  

Cr3+     
Mn2+     
Fe2+     
Fe3+     
Co2+     
Ni2+     
Cu2+     
Zn2+     

Fig. 17.11 Worksheet 2

Fig. 17.12 Picture showing results of the experiments
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Procedure for Exothermic Reaction

A teaspoon of calcium chloride powder was placed into a Ziploc plastic bag and a

teaspoon of sodium hydrogen carbonate was also added to the same Ziploc plastic

bag. About 15 cm3 of the purple cabbage juice was placed in a mini plastic cup.

The mini plastic cup with the cabbage juice was then placed inside the Ziploc bag.

Air was then squeezed out. The purple cabbage juice was then emptied into the

Ziploc plastic bag (Fig. 17.5). Observations of what happened were made.

Procedure for Endothermic Reaction

A teaspoon of citric acid powder was placed into a Ziploc bag. In the same bag a

teaspoon of baking soda (sodium hydrogen carbonate) powder was added. About

15 cm3 of purple cabbage juice was placed in a mini plastic cup and then carefully

transferred into the bag. Air was then squeezed out and the liquid in the cup emptied

into the bag. Observations of what happened were made (Fig. 17.6).

17.4.2 Brainstorming Sessions

The ideas from the Brainstorming sessions were recorded on “flip charts”:

• Ways Ahead
Use of solar energy to provide electricity for rural schools and colleges so as

to enable students to use IT resources and teachers to incorporate multimedia

courseware in their teaching, e.g. to provide “live” Chemistry experiments

(see www.Chemistry-aid.com/news).

Use of mobile classrooms, e.g. via Chemistry Bus Road Shows (See Fig. 17.3)

to take innovative ideas to students, teachers, parents and educational

administrators so as to effect changes in teaching and learning practices.

Involve students in more “hands-on” experiments to increase interest and moti-

vation in Chemistry and other science subjects, e.g. Biology (Institute of Biol-

ogy, UK) and Physics (Institute of Physics, UK) [9].

Provide students with examples of multimedia resources on industrial Chem-

istry via “Industrial Chemistry for Schools and Colleges” [10] so that students,

teachers and parents can relate Chemistry in schools and colleges to the Chem-

istry in industrial processes which generate wealth for the nation.

The use of plastic equipment instead of glassware, which is easily broken, is

costly to replace, and often takes a long time to replace, enables students to have

more “hands-on” experiences of Chemistry.

In addition to support for Chemistry, the Chemistry Bus on its Road Shows

could include presentations from other sources, e.g. Water Aid [11] and sanita-

tion [12]. The latter is important because girls in rural areas from the age of

11 can lose up to 5 days per month of schooling because of menstruation.
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• Networking Ideas
The Internet and e-mail can be used to provide help and support networks on a

national and international basis [13]. For example, there is a Chemistry Teachers

network in the United Kingdom in which teachers ask for help and share ideas by

submitting them to:

CHEMISTRY-TEACHERS@YAHOOGROUPS.CO.UK

The Chemistry Aid web site (www.Chemistry-aid.com) could be used to share

news and innovations about Chemistry teaching.

Networking sites can also serve as a database for lists of e-mails of teachers

and lecturers.

• Use of Modern Technology
The Workshop participants discussed the use of modern technology, e.g. mobile

phones, YouTube, FACEBOOK, iPad to download and transfer resources.

Rather than each school, college, and university downloading its own

resources, it will almost certainly be best to create a “National Centre”
which can download from on-line sources, e.g. the Royal Society of Chemistry

Learn-Chemistry site, and re-master them according to the needs of a national

curriculum and to produce packages of resources in the format and language

appropriate to that country.

• Funding
The Workshop participants discussed the use of national and international

funding in order to progress the implementation of innovative schemes,

e.g. via grants, sponsorship and discounting arrangements from manufacturers

for the cost of equipment.

17.5 Feedback from Workshop Questionnaires

Positive feedback has been received primarily concerning the use of solar

classrooms and supermarket/kitchen Chemistry.

17.6 Conclusions

It was concluded from the “flip chart” comments that:

• Many opportunities already exist for students and teachers to obtain improved

and more interesting resources but these would be enhanced, especially for rural

regions, by the use of solar classroom technology to support teaching and

learning of Chemistry

• National and international resources exist for funding from various funding

bodies and institutions but that such resources need to be made more available

to Developing Countries
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• It is a vital requirement in harnessing both the above conclusions that good

communication structures are implemented and disseminated via Networking

amongst teachers and administrators

• In the limited time available in the Workshop, there could only be a “taster” of

the types of materials, experiments, technology, techniques and funding that are

available but that, through the Bibliography (see References) and the Internet,

participants could share and network resources and deliver improved Chemistry

teaching and learning in schools, colleges and universities in Developing

Countries.
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Chapter 18

Percolation Studies of Single- and

Multi-Walled Carbon Nanotubes/Poly

(methyl methacrylate) Nanocomposites

Riyadh M. Mungur and Soonil D.D.V. Rughooputh

Abstract Using an ultrasonication method, the dispersion of single-walled carbon

nanotubes (SWCNTs) and multi-walled carbon nanotubes (MWCNTs) in a poly-

mer matrix, poly(methyl methacrylate) (PMMA), were used to produce SWCNT/

PMMA and MWCNT/PMMA composites. Composites were made using purified

SWCNTs and MWCNTs with different SWCNT and MWCNT loadings (ranging

from 0.2 % to greater than 2.0 % by weight) and viscous Plexiglas® (PMMA)

solutions. DC electrical conductivity measurements were performed on high

quality samples, attaining conductivities of the order of 103 S/m for high loading.

The electrical percolation threshold (φc) and the critical exponent, t, for SWCNT/

PMMA and MWCNT/PMMA samples have been obtained. Our measured values

are consistent and within the range reported in the literature. The t values obtained
by our method are consistent with a quasi-two dimensional network for MWCNT

nanocomposites and three-dimensional network for SWCNT nanocomposites.

18.1 Introduction

The concept of nanotechnology originated with the American physicist Richard

P. Feynman in a talk to the American Physical Society in December 1959, entitled

“There’s Plenty of Room at the Bottom” [1]. Nanotechnology can, in one way, be

defined as the ability to engineer and explore new attributes through controlling

characteristics at a relatively very small scale – at the atomic level [1].

In the last decade, much attention has been given to the use of carbon nanotubes

(CNTs) as filler in conductive nanocomposites in order to harness their exceptional

electrical properties [2]. By now, more than 200 publications have been reported

on the electrical percolation threshold of CNT embedded in different polymer
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systems [3]. Due to the much higher electrical conductivity and aspect ratio of

CNTs, outstanding electrical properties can be achieved with CNT nanocomposites

containing far less filler material than usual fillers like short carbon fibers or carbon

flakes. Potential applications of nanocomposites as functional materials include

organic field emitting displays, photovoltaic cells, highly sensitive strain sensors,

and, because of their capability of dissipating electrostatic charges, as shielding

devices from electromagnetic radiation. Significant research efforts have been

directed towards the synthesis and characterization of CNT – polymer nanocom-

posites to further improve and explore their functional and mechanical properties

with the aim of identifying their potential capabilities in several different

applications [4].

The aim of writing this paper is threefold. Firstly, there is still a lot of contro-

versy in the experimental determination of critical exponent values for SWCNT and

MWCNT composites as reported in the literature. Secondly, we wanted to situate

our experimental values using a specific procedure of preparing the high quality

films of CNT embedded in a polymer (i.e. PMMA) which have not been reported

yet, and, thirdly, to gain additional insight in the theory and in the design aspects of

functional nanocomposites.

18.2 Theory

Percolation theory deals with the effects of varying, in a random system, the

richness of interconnections present [5]. The intellectual appeal of the percolation

model resides in its almost game-like mathematical aspects and the fact that it

provides a well-defined and intuitively satisfying model for spatially random

processes [5]. Many authors have reported that the electrical behavior of polymer

nanocomposites filled with CNTs turns out to be very complex, especially in the

narrow region around the percolation threshold, which seems to strongly depend on

the processing conditions. The single most seductive aspect of the percolation

model is the presence of a sharp phase transition at which long-range connectivity

suddenly appears [5].

The well-known scaling law describing the statistical percolation behaviour in

the vicinity of the percolation limit, which refers to a situation where randomly

distributed conducting elements form percolating paths [6]:

σ ¼ σ0ðφ� φcÞt (18.1)

where σ0 is a scaling factor that may be comparable to the effective conductivity of

the filler, φ is the CNT weight fraction, and φc is the percolation critical concentra-

tion. The parameter t is a critical exponent that governs the scaling law in the vicinity

of percolation and has been associated to the dimensionality of the system [4].
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18.3 Experimental

18.3.1 Materials

In Table 18.1, we give the physical properties of:

(a) Single-walled carbon nanotubes (SWCNTs) 8,653 M/MJ supplied from

Carbolex Inc.® and,

(b) Multi-walled carbon nanotubes (MWCNTs) M7110328 supplied from

Timesnano Company® (China).

PMMA Plexiglas® (density: 1.19 g/cm3) was used in pellet form.

Analytical chloroform (CHCl3) ReagentPlus® (Sigma-Aldrich Co. LLC®) was

used as solvent to dissolve PMMA and to disperse the carbon nanotubes.

Silver Conductive Paint (Kemo L100™) highly conductive approximately

0.02–0.1 Ω/cm2 was supplied from Kemo-Electronic GmbH Leher Landstraße

20 D-27607 Langen®.

18.3.2 Sample Preparation

The method used in fabricating thin films of CNT-reinforced PMMA composites is

sonicated solution mixing and casting. All glassware was carefully washed with

distilled water followed by ethanol for removal of possible contaminants. Different

masses of PMMA pellets are weighed and left to dissolve in chloroform for 24 h and

kept in vials. Different masses of CNT powder are weighed and stored in separate

vials. The CNT powder is poured into chloroform and underwent an ultrasonication

process for 30 min. Then, this ultrasonicated solution of CNT is then added to the

viscous solution of PMMA and further ultrasonicated for 30 min. The resulting

solution is then used to cast a thin film on microscope slides kept at a temperature of

50 �C. At this temperature, high quality homogeneous films of the nanocomposites

were obtained free from bubbles.

Table 18.1 Physical

properties of CNTs
Properties

CNT

SWCNT MWCNT

Outer diameter 0.7–1.4 nm 30–50 nm

Length 0.5–3 μm 10–20 μm
Purity >90 wt% >95 wt%

Density 1.80 g/cm3 1.66 g/cm3

Ash <1.2 wt% <1.5 wt%

Specific surface area >60 m2/g >60 m2/g

Electrical conductivity >102 S/cm >102 S/cm
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18.3.3 DC Conductivity Measurements

After the application of silver conductive paint acting as electrical contacts on the

four corners of the thin film CNT-reinforced PMMA composites, four-point probe

dc conductivity measurements were conducted on the rectangular thin films using

the Van der Pauw technique [7] as shown in the circuit in Fig. 18.1. Through a

record of a series of ammeter and voltmeter readings conducted at room tempe-

rature and pressure, the critical parameters φc, σ0 and t were determined via

graphical illustrations (see Sect. 18.4).

18.3.4 Size Distributions

Dilute suspensions (of SWCNT and MWCNT), of the order of 1.0 % by volume as

per the requirements of DLS Particle Size Analyzer (90 Plus Particle Size Analyzer,

Brookhaven Instruments Corporation™, USA) were prepared and the latter was

used to characterize the particle size and distribution of SWCNT and MWCNT,

separately. Analyses were performed at 25 �C with angle of detection of 90�.
Figures 18.2 and 18.3 show respectively the histograms of SWCNT and

MWCNT agglomerate sizes measured by particle size analyzer. In this work, size

is considered as the ‘effective diameter of CNT agglomerates’ and is given as the

corresponding mean value � one standard error after dispersion in chloroform by

using the method described as follows: Ultrasonication of CNTs in addition to
PMMA in CHCl3 for 1 h.

For SWCNT and MWCNT, a mean value of 125.4 � 10.3 nm (polydispersity of

0.203) and 114.7 � 6.3 nm (polydispersity of 0.161) was obtained respectively.

Fig. 18.1 Schematic circuit

for four-probe electrical

conductivity measurement
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Fig. 18.2 Size distribution of SWCNT

Fig. 18.3 Size distribution of MWCNT
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18.4 Results and Discussion

The variation of direct current conductivity of the:

• SWCNT/PMMA composite films with varying SWCNT concentration is shown

in Fig. 18.4 (top).

• MWCNT/PMMA composite films with varying MWCNT concentration is

shown in Fig. 18.4 (bottom).

The overall behavior of conductivity variation can be explained in terms of

percolation theory. At low concentration of CNT, proper percolation paths are not

(For jc= 0.03; t = 2.004and log s0= 2.6814; R² = 0.9964)
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set up by the carbon nanotube network. As the concentration of the CNT in the

composite increases, the percolation paths via conducting carbon nanotubes are

set up whence the nanotubes form a conducting network in the polymer matrix.

From the electrical conductivity plots of SWCNT/PMMA and MWCNT/PMMA

composites, the percolation threshold, φc, the critical exponent and the scaling

factor can be extracted, especially with the help of a log-log plot of conductivity

against (φ�φc) as shown in Fig. 18.4. The latter provides as slope, the t value and
the y-intercept, log σ0.

Reported ranges for SWCNT composites in the literature are: φc ~ 0.17–1.3

and t ~ 1.3–2.3 and, for MWCNT composites, φc ~ 0.003–0.65 and t ~ 1.8–2.3.

A few researchers have reported values of t of ~ 4.9 and even higher than

7 [8, 9]. Moreover, Stauffer [6] showed that the critical exponent t depends on

the dimensionality of the system, with values of t ~ 1.3 (or slightly higher)

representing a two-dimensional network and t ~ 2 (or slightly higher) a three-

dimensional one. A lower value of t is generally ascribed to a percolation network

consistent with a large number of dead arms and with a network that deviates from a

classical random network. The value of percolation threshold seems to depend on

the type of nanotubes used (such as single walled, double walled or multi walled

carbon nanotubes) and on the bundle size of the nanotubes actually taking part in

the conduction.

Whilst the value of φc is traditionally taken to be the onset of the sharp transition

read off from the linear plot, this practice is not correct and will be the subject of a

detailed study in a following publication. We believe that this has led to the

reporting of many erroneous values of the critical exponent, scaling factor and

the percolation threshold in the literature; hence, the controversial nature of the

physical interpretation of the critical exponent t for polymer nanocomposites filled

with CNTs [4].

The electrical percolation threshold (φc) and the critical exponent for SWCNT/

PMMA and MWCNT/PMMA samples measured in this work are as follows: For

SWCNT/PMMA: φc ~ 0.03 % by weight, t ~ 2.00 and σ0 ~ 480 S/m. For

MWCNT/PMMA: φc ~ 0.03 % by weight, t ~ 1.47 and σ0 ~ 1,213 S/m. Based

on the dimensional dependence [4], the t values obtained by our method are

consistent with a 3D network for SWCNT nanocomposites and a quasi-2D network

for MWCNT nanocomposites.

18.5 Conclusions

Conductivities of systems of SWCNT/PMMA and MWCNT/PMMA nanocom-

posites increase due to the introduction of conducting paths in the polymer matrix.

Percolation theory and scaling laws are applicable to CNT-based composites, with

enhanced maximum conductivity achievable at relatively low filler concentrations

will, no doubt, be important for many applications. The concentration of nanotubes

required for the unique region from insulator to conductor transition referred to
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as percolation threshold concentration or percolation limit, the critical exponent

and the scaling factor have been deduced experimentally and are consistent to those

of published [4–9]. Based on the dimensional dependence, the critical exponents

are consistent with a polymer matrix system adopting a 3D/quasi2D conducting

network for SWCNT/MWCNT nanocomposites, respectively. We can therefore

conclude that from our results and those reported in the literature that the variation

in the values obtained for electrical percolation threshold, φc and critical

parameters, t and σ0 depend on the polymer matrix, the processing technology,

and the type of carbon nanotube utilised. We also believe that many authors have

reported wrong values by adopting traditional methods of percolation threshold

analysis.
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Chapter 19

Chemistry Aid: How Innovative Solutions

to Chemistry Education Are Making

a Difference

Jared C. Ogunde, Aggrey Omolo, and Antony J. Rest

Abstract In Kenya, as in many developing countries, the government has placed

great importance on science education. This importance on science education is

difficult to realize, however, because of the challenges facing science education,

especially Chemistry education. These challenges include a lack of well equipped

laboratories, the high cost of chemicals and equipment, a lack of mains electricity,

lack of mains water, and students’ lack of laboratory gear such as goggles and lab

coats. Many students continue to perform dismally in Chemistry as well as other

sciences. In addressing this problem, the Scientific Advisory and Information

Network (SAIN) Kenya and the Chemistry Video Consortium (CVC) UK have

initiated a program, the Chemistry Aid initiative that has been working on devising

and promoting the use of innovative solutions to problems facing Chemistry

education in Kenya and other developing countries.

19.1 Introduction

Science education in Kenya is regarded as important to the economic development

of the nation. There are however numerous challenges that are experienced in the

teaching and learning of sciences in Kenya. This situation is not unique to Kenya

alone. Many developing countries also face similar challenges in the teaching and
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learning of sciences especially Chemistry. Chemistry has therefore become unpopular

among many students in developing countries. Lack of properly equipped laboratories

and high cost of chemicals are some of the challenges that many developing countries

are facing in Chemistry education. Also, in many rural schools there is lack of

electricity and running tap water. In addition to the above challenges, students find

Chemistry to be very abstract. In developing countries the students also lack important

gear such as lab coats and goggles [1].

Due to the numerous challenges facing the teaching and learning of Chemistry

(as well as other sciences and mathematics), the grades achieved by students in

national examinations are lower for these subjects compared to humanity subjects

as portrayed by Fig. 19.1.

In order to tackle the challenges faced in Chemistry education, the Scientific

Advisory and Information Network (SAIN) a non-profit making, non-governmental

organization (NGO) in Kenya has partnered with the Chemistry Video Consortium

(CVC) of the University of Southampton in UK to develop and offer innovative

solutions to the challenges facing the teaching and learning of Chemistry in

developing countries. The two organizations have been working under the banner

of the Chemistry Aid initiative (see http://www.chemistry-aid.com) to promote and

encourage the use of innovative solutions.

19.2 Innovative Approaches to Chemistry Education

Our innovative approaches to the challenges facing Chemistry education are geared

towards making Chemistry ‘lively’ and therefore very interesting to both teachers

and students. These approaches are as follows:

Fig. 19.1 Subject grade distribution in chemistry, physics, biology, agriculture, C.R.E (Christian

Religious Education) and history – Kenya Certificate of Secondary Education (KCSE) 2010
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(a) Promoting and encouraging the use of ICT multimedia resources (audio-visual

resources) in the teaching and learning of Chemistry;

(b) Promoting and encouraging the use of readily available chemicals and

materials that can be used to perform Chemistry experiments;

(c) Use of sporting activities in encouraging Chemistry education;

(d) Devising a simple solar power generator that can be used in schools that do not

have mains power connection.

19.2.1 Promoting and Encouraging the Use of ICT
Multimedia Resources

For a long time in many Kenyan schools, Chemistry has been taught as a “theoreti-

cal” subject making the students to have a feeling that Chemistry is an abstract

subject. The lack of properly equipped laboratories has meant that students taking

Chemistry have not been able to have a “hands on” experience on Chemistry. In

order to overcome this challenge the Chemistry Video Consortium (CVC) has

provided ICT multimedia resources, mainly Chemistry CDRoms and DVDs to the

SAIN for distribution to schools in order to enhance the teaching and learning of

Chemistry in Kenya (Fig. 19.2). These materials have been developed by the Royal

Society of Chemistry (RSC), UK and the CVC [2]. Also, the RSC has made

Chemistry educational materials available for download in developing countries [3].

The ICTmultimedia resources have been found to have several benefits as follows:

(a) They have been found to be very motivating to the students. Through the use of

these materials students have been encouraged to learn Chemistry;

(b) Since these resources mainly involved the use of computers students have been

motivated to develop ICT skills even when they are out of class or even school;

(c) The use of these resources by students has encouraged independent learning as

well as active learning;

(d) The students have been able to see practical experiments that they are not able

to perform due to lack of laboratory equipment. The students are therefore able

to see “live” Chemistry via the ICT multimedia materials;

(e) The ICT multimedia materials have instructional consistency.

19.2.2 Promoting and Encouraging the Use of Readily
Available Chemicals and Materials

Readily available chemicals and materials can be used in doing Chemistry

experiments. The Chemistry Aid initiative has been promoting and encouraging

the use of materials such as:
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(a) Use of plastic Ziploc bags in doing Chemistry experiments [4].

(b) Use of kitchen/supermarket chemicals such as bi-carbonate, vinegar, lime juice

in doing Chemistry experiments (Fig. 19.3).

(c) Use of plastic document wallets in doing ‘micro-scale’ Chemistry experiments.

Fig. 19.2 June 2004 RSC news article
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One advantage of the use of readily available resources is that it has been found

to cut on the cost of doing “hands on” experiments. Also the materials are environ-

mentally friendly hence are easy to dispose after use. Since these experiments focus

on everyday life, and could be done outside the laboratory/classroom, they were of

great interest to the students. The plastic Ziploc bags and plastic document wallets

can be used in place of the laboratory bench.

19.2.3 Use of Sporting Activities in Encouraging
Chemistry Education

Sports are a great youth attraction all over the world. The SAIN and the CVC under

the Chemistry Aid initiative have launched the Sports 4 Science program aimed at

using sports in enthusing young people in science (Fig. 19.4). The program uses

sports to promote science education among the youth. The SAIN and CVC

acknowledge that it is possible to associate science with youth sporting activities.

One of the activities in our ‘Sports 4 Science’ program is football tournament for

the teens. During the tournaments the teens are motivated to perform well in science

subjects by giving them talks on how science is related to football. We have

informed the teens that the sporting gear such as the uniforms, shoes, gloves and

the soccer ball are made from materials that are products of chemical processes. As

a result, the teens have been able to associate their favourite sporting activity with

Chemistry. Some scholars have argued that youth participation in sporting activities

is essential for their education [5]. Sporting activities can therefore be used to

influence young learners’ attitude in Chemistry.

Fig. 19.3 Students during a

‘hands-on’ supermarket

chemical reactions

workshop
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19.2.4 Solar Power Program

A major challenge facing many rural schools in developing countries is lack of

mains electricity. In order that schools benefit from the use of ICT multimedia

resources, they need electricity. A way of overcoming the challenge of lack of

electricity is by the use of portable power generators. However, portable power

generators have several disadvantages and are associated with several safety

hazards. Also, in developing countries, producing power via a petrol powered

generator is expensive due to the cost of petrol fuel and maintenance. Solar

power is an alternative to petrol driven generators, so under the Chemistry Aid

initiative a simple Solar Power Generator has been devised for use in solar powered

classroom. The solar powered generators enable students to make use of the ICT

multimedia materials, hence experience the “hands-on” experiences of chemical

experiments. The generators can be connected to portable computers such as laptop

and data projectors [6] (Fig. 19.5).

Fig. 19.4 Teens during

a Sports 4 Science

tournament organized

by the SAIN and CVC

Fig. 19.5 Solar power generator kit: hand held projector, phone, laptop and solar panel
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19.3 Conclusions

In several developing countries, the teaching and learning of Chemistry as well as

other Sciences and Mathematics remain a big challenge. Most schools especially in

the rural areas lack important facilities such as laboratories and equipment. Also

chemicals are expensive and most schools cannot afford to offer practical labora-

tory sessions. This is in addition to lack of mains electricity. In order to overcome

these challenges, there is need of developing countries to embrace innovative

solutions. The Chemistry Aid Initiative of the SAIN and CVC is a model that can

be used by developing countries in applying innovative solutions to the challenges

facing teaching and learning of Chemistry as well as other Sciences.
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Chapter 20

Synthesis and Characterization of Some New

Metal Complexes of Condensation Reaction

Products of 3-Amino-1,2,4-Triazole

with Isatin, N-Acetylisatin and Bis

(2,3-Dioxoindolin-1-yl)Mercury(II)

Ahlam J. Abdulghani and Zainab Z. Ahmed

Abstract The condensation reaction of 3-amino-1,2,4-triazole (amitrol, 3-AT)

with N-acetylisatin caused the opening of the indole ring and led to the formation

of the new ligand (Z)-2-(1H-1,2,4-triazol-3-ylimino-2-(2-acetamido-phenyl)-

N-(1H-1,2,4-triazol-3-yl) acetamide (1), while the reaction with isatin and bis

(2,3-dioxoindolin-1-yl)mercury(II), (Hg(isatin)2) caused no ring opening and the

Schiff base (Z)-3-(1H-1,2,4-triazol-3-ylimino) indolin-2-one (2), and the new

mercury complex 2-(E)-3-(1H-1,2,4-triazol-3-ylimino)-2-oxoindolin-1-yl)((Z)-

3-(1H-1,2,4-triazol-3-ylimino)-2-oxoindolin-1-l)mercury(II) (3) were formed.

New complexes of Co(II), Ni(II), Cu(II), Pd(II) and Zn(II) ions with the two ligands

(1) and (2) were prepared. The studied products were characterized by elemental

analysis, NMR, IR, mass spectra and thermal analysis. In all the complexes the

metal was coordinated to the nitrogen atoms of the triazole ring and to the

azomethine group.

20.1 Introduction

The interest in the structural properties of N-acetylisatin derivatives was primarily

attributed to their cytotoxic activity, and a variety of pharmacological activities such

as bactericides, antitumor and antiviral [1]. Some Schiff bases of N-acetylisatin

have shown fibrinolytic, muscle relaxant, antiallergic, immunosuppressant, hypo-

tensive respiratory depression and antidiuretic effects [2]. The chemistry of

1,2,4-triazole derivatives have attracted the attention of chemists owing to their

bactericidal, fungicidal and pharmacological activities in addition to their use as

antiulcer agents [3]. Due to the presence of more than one donor atom in the triazole

ring, Schiff base derivatives of 3-AT were considered powerful chelating agents
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giving rise to bi- and polynuclear complexes [4, 5]. Different isatin derivatives

incorporating heterocyclic rings like thiazole, thiadiazole, benzothiazole, and

imidazole moieties and their corresponding cobalt(II), copper(II), nickel(II) and

zinc(II) complexes were reported [2]. The isatin derivatives showed good

antibacterial, antiviral, antifungal and anticancer activities against different strains,

and most of them had their activity enhanced on complexation with the metal ions.

The reaction of N-acetylisatin with some alcohols, amines, pyrrolidine and water

yielded products resulting from nucleophilic attack at the C-2 carbonyl that leads

to heterocyclic ring cleavage.

In this work we study the stability of N1-acetyl and Hg(II) substituted isatin ring

toward nucleophilic attack of 3-amino-1,2,4-triazole (3-AT). We also study the

coordination behavior of the N-acetyl condensation product (1) with some divalent

metal ions and compared it with that of the Schiff base (Z)-3-(1H-1,2,4-triazol-3-

ylimino) indolin-2-one (2), which has been prepared previously by us from the

condensation reaction of unsubstituted isatin and 3-AT [5].

20.2 Methodology

20.2.1 General

All chemicals were purchased either from Fluka or BDH Chemicals and were used

without further purification, with the only exception of ethanol which was distilled

prior to use. N-acetylisatin was prepared according to methods reported in the

literature [6–8]. Purity of products was ascertained by using TLC techniques

using a mixture of acetone: chloroform (1:1, 1:2 and 2:1 v/v) and acetone, chloro-

form, and ethanol individually as eluents.

The melting points of all samples were determined using a Gallenkamp M.F.D.

600-010f melting point apparatus. Infrared spectra were measured on a Shimadzu

FTIR 8400S spectrometer in the range of 4,000–200 cm�1 using KBr or CsI pellets.

Electronic spectra of compounds were recorded on a Shimadzu 1650 UV-visible

recording spectrophotometer (200–1,100 nm). Elemental analysis of samples was

determined on a Euro vector EA 3000A. The metal contents were determined by

atomic absorption technique using a Shimadzu AA 6200 flame atomic absorption

spectrophotometer. The mass spectra were recorded on a Shimadzu Qp 5050A.
1H NMR and 13C NMR spectra were obtained from a Bruker Ultra Shield 300 MHz

NMR spectrometer. Thermal analysis by TG, DTG and DTA technique was

recorded on a STA 409 PC Lux thermal analyzer under a nitrogen atmosphere at

25–1,000 �C. The molar conductivity of complexes in DMF and DMSO (10�3 M)

at room temperature was measured on a Radiometer Copenhagen CDM 83 conduc-

tivity meter. Magnetic moments (μeff) were measured at room temperature by using

a Bruker Magnet B.M. 6 and a magnetic susceptibility balance Model MSB-MK-1.
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20.2.2 Synthesis of Compounds (1)–(3)

1-(Z)-2-(1H-1,2,4-triazol-3-ylimino-2-(2-acetamido-phenyl)-N-(1H-1,2,4-triazol-3-yl)
acetamide (1): To a stirred solution of N-acetylisatin (1.115 g, 5.9 mmol) in dry

ethanol (30 ml) heated to 70 �C was added a solution of 3-AT (0.5 g, 5.9 mmol)

in ethanol followed by six drops of glacial acetic acid. The mixture was heated

under reflux for 4 h with continuous stirring. The color of solution changed from

red orange to yellow. The resultant solution was left overnight at room temperature

and a yellow precipitate was formed. The product was filtered, washed with

hot ethanol followed by ether and vacuum dried. Yield 65.5 %; m.p. 164 �C; IR
(ν, cm�1): 3255 (N-H), 1720 (C¼O, acetyl), 1689 (C¼O, amide), 1650 (C¼N,

azomethine), 1609 (C¼N, 3-AT), 1527 (N-C¼N, 3AT), 1275 (N-N¼C, 3-AT);MS

[EI]: C16H19N9O3 (M), m/z (I%): 189 [M-C6H10N7O] (16), 162 [(M-C6H10N7O-

HCN] (90), 146 [(M-C6H10N7O-COCH3] (100), 135 [(M-C6H10N7O-COCN]

(11), 120 [(M-C6H10N7O-COCNCH3] (80), 111 [(M-C6H10N7O-C2NH2] (40),

84 [M-C14H8N5O2] (81), 77 [(M-C6H10N7O-C3H2N2O3] (5), 66 [M-C6H10N7O-

COCN-CH3-COCN] (69), 43 [M-C14H13O2N9] (90); Elemental analysis (%)

calculated for C16H19N9O3: C 50.5, H 3.2, N 32.7 %, found: C 49.9, H 3.7, N

32.2; 1H NMR δ (ppm, DMSO):13.9 (2H, N-H triazole ring), 10.5–10.9 (2H, N-H

amide), 7.2–8.1 (4H, Ph), 8.3–8.4 (2H, olefinic protons), 1.1–1.2 (3H, CH3 of

EtOH), 1.9–2.9 (3H, COCH3), 3.3 (2H, CH2CH3);
13C NMR δ (ppm): 169.4 (2C,

CO amide), 162.6 (1C, C¼N), 144 (4C, C¼N of triazole ring), 103–124 (4C, Ph

(C-1,C-2)), 132–135 (2C, Ph(C-3,C-6)), 24–25 (3C, aliphatic carbon atoms);

Electronic spectra (DMF): λmax (nm) 242 sh, 321 and 400, νmax (cm�1) 41322,

31152 and 25000, εmax 6693 and 247660 (π ! π*) and 2231 (n ! π*); DMSO:

λmax (nm) 274, 340, νmax (cm
�1) 36496 and 29411, εmax 10127 and 2310 (π ! π*).

2-(Z)-3-(1H-1,2,4-triazol-3-ylimino) indolin-2-one (2): This ligand has been

prepared as in our previous work [5a] with some modification. To a stirred solution

of isatin (0.1 g, 0.68 mmol) in boiling super dry ethanol (10 ml) was added a

solution of 3-AT (0.05 g, 0.68 mmol) dissolved in the same solvent (2 ml), followed

by addition of six drops of glacial acetic acid. The mixture was heated under reflux

for 14 h with continuous stirring. An orange yellow precipitate was formed. The

product was filtered, washed with hot ethanol followed by ether and vacuum dried.

Yield 58.3 %; m.p. 258–260 �C; IR (ν, cm�1): 3124 (NH isatin ring), 1728 (C¼O),

1645 (C¼N), 3184, 1612, 1530, 1270 (NH, C¼N, N-C¼N, N-N¼C respectively,

triazole ring); MS [EI]: C10H7N5O (M), m/z (I%): 213.2 [M]+ (81), 185 [M-CO]+

(22), 170 [M-OCNH] (7), 158 [(M-CO)-HCN) (34), 144 [M-C2H2N3] (17),

130 [(M-CO-HCN)-N2] (41), 116 [M-OC2N4H] (14), 103 [(M-CO-HCN-N2)-

HCN] (100), 90 [(M-OC2N4H)-CN] (25); Elemental analysis (%) calculated

for C10H7N5O: C 56.30, H 3.28, N 32.86, found C 56.80, H 3.37, N 32.66;
1H NMR δ (ppm, DMSO): 14.4–14.8 (d, 1H, triazole NH), 10.95 (1H, isatin NH),

6.7–8.4 (4H, aromatic), 8.7 (s, 1H, triazol olefinic C-H); 13C NMR δ (ppm):

164.1–164.6 (1C, carbonyl of isatin ring), 155 (1C, azomethine carbon), 152 (1C,

triazole ring at 3), 151 (1C, N-C¼N, triazole), 148–99.9 (6C, aromatic carbons).
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3-(E)-3-(1H-1,2,4-triazol-3-ylimino)-2-oxoindolin-1-yl)-(Z)-3-(1H-1,2,4-triazol-3-
ylimino)-2-oxoindolin-1-yl)mercury(II) (3): To a stirred solution of Hg(isatin)2 [9]

(0.1 g, 2 mmol) in DMF (2.85 ml) containing four drops of glacial acetic acid was

added a solution of 3-AT (0.0406 g, 4mmol) in DMF (1.1ml). Themixture was heated

under reflux for 30min.Awhite precipitate was formedwithin 5min. Themixture was

left to cool to room temperature. The product was filtered, washed with DMF, ethanol,

ether and vacuum dried. Yield 52 %; m.p. 202 �C.

20.2.3 Synthesis of Metal Complexes of (1) and (2)

To a stirred solution of each ligand in hot ethanol was added an ethanolic solution of

the metal(II) chloride (except Zn(II) ion as acetate and Pd(II) ion as dichloro

(benzonitrile)palladium(II) [PdCl2(PhCN)2] [10] in mole ratios of 2:1 and 1:1 of

(1):M and (2):M respectively. The mixture was heated under reflux for 1 h. Precipi-

tation of complexes took place within 5–30 min. The products were filtered hot,

washed thoroughly with hot ethanol, followed by ether and vacuum dried. The zinc

(II) complex of (1), C4, was prepared by adopting the same procedure but DMF was

used instead of absolute ethanol and the reaction was refluxed for 4 h. The product

was filtered, washed with DMF, hot ethanol followed by ether and vacuum dried.

20.3 Results and Discussion

20.3.1 Synthesis

The synthesis route of the two ligands (1) and (2) and compound (3) are illustrated in

Schemes 20.1 and 20.2 respectively. The physical properties and elemental analyses

results of the prepared compounds are described in Table 20.1. The ligands and their

metal complexes were soluble in DMF and DMSO, sparingly soluble in ethanol,

methanol, chloroform and dichloromethane but insoluble in less polar solvents.

20.3.2 NMR Spectra

The 1H and 13C NMR spectra of (1) (Fig. 20.1a, b) confirmed the presence of amide

NH protons and amide carbonyls at C(3) of triazole ring and at C(2) of phenyl group

moiety. The 1H NMR spectrum (Fig. 20.1a) exhibited a signal at δ 10.5–10.9 ppm

which was attributed to chemical shifts of amide protons [11, 12]. Chemical shifts

assigned to (N-H) protons of triazole rings of (1) and (2) (Fig. 20.1a, c) were

observed at δ 13.9 and 14.5 ppm respectively [13–15].
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The 1H NMR spectrum of (2) in DMSO (Fig. 20.1c) exhibited chemical shifts at

δ 8.70 and 10.95 ppm assigned to olefinic (CH) proton of triazole ring [12] and

isatin (N-H) proton [2, 16] respectively.

The 13C NMR spectra of (1) and (2) (Fig. 20.1b, d) exhibited peaks assigned to

carbon atoms of azomethine groups at δ 162.6 and 155.0 ppm respectively [12,

17–19] which confirms the condensation of the amine with C-3 carbonyl of isatin

ring. The signals observed at δ 169.4 and 164.0 ppm in the two spectra were

attributed to the carbons of amide carbonyl [13] and isatin ring carbonyl [12]

respectively. The peaks appearing at δ 103–135 ppm and 99.9–148 ppm [12]

were assigned to the aromatic carbons of the two ligands respectively [12, 20].

20.3.3 Mass Spectra

The mass spectra of the two ligands (Figs. 20.2 and 20.3 respectively) were

obtained using electron impact mode of fragmentation at 70 eV [12, 21, 22]. The

peak corresponding to [M]+. was not observed in the spectrum of (1). Other
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characteristic peaks were observed at m/z values 189.1, 162, 146, 135, 120,

111, 84, 77, 66 and 43. The mass spectrum of compound (2) exhibited a peak

assigned to [M]+. m/z 213.4 which was located at 214 in our previous work [5a].

Structural assignments of the main fragments of (1) and (2) are described in

Schemes 20.3 and 20.4.

20.3.4 IR Spectra

The important IR vibrations and tentative assignments of compounds (1), (2) and

their metal complexes are given in Table 20.2. The infrared spectra of the two

ligands exhibited the absence of bands assigned to stretching vibrations of both

C¼O groups at position (C-3) of isatin ring and the NH2 group of 3-AT, and the

appearance of a new band related to azomethine group [11, 12, 16, 23, 24] which

confirms the formation of Schiff base ligands. The spectrum of compound (1)

exhibited two bands at 1720 and 1689 cm�1 attributed to acetyl and (C-2) amide

carbonyls respectively [12, 16, 24]. A new sharp strong band appeared at

3255 cm�1 and was attributed to N-H amide stretching vibration caused by ring

Table 20.1 Physical properties and analytical data for the prepared compounds

Cpd Color

M.p.

(�C) Yield

% Found (calc.)

C H N M Cl

(1) Yellow 164 65.5 49.90 3.70 32.20 – –

(50.50) (3.20) (32.70)

C1 Blue >300 22.0 26.34 3.10 20.63 18.20 22.45

Co(II) (26.88) (2.80) (20.61) (18.70) (22.72)

C2 Light green 246 33.2 23.54 3.40 17.57 16.33 20.50

Ni(II) (23.78) (3.50) (17.83) (16.61) (20.10)

C3 Green 243 21.4 23.65 3.10 17.95 17.62 19.44

Cu(II) (23.45) (3.48) (17.58) (17.78) (19.82)

C4 Pale yellow >300 72.9 39.52 3.20 23.11 11.90 –

Zn(II) (40.00) (3.88) (23.32) (12.09)

C5 Light

brown

>300 58.3 23.50 2.50 17.80 29.50 19.86

Pd(II) (23.02) (2.33) (17.26) (29.16) (19.46)

(2) Orange

yellow

260 58.3 56.80 3.37 32.66 – –

(56.30) (3.28) (32.86)

C6 Green >300 34.0 32.15 2.90 18.83 15.60 19.10

Co(II) (31.70) (2.90) (18.49) (15.40) (18.76)

C7 Yellow-

brown

>300 17.0 32.50 2.55 19.60 16.11 19.96

Ni(II) (33.20) (2.96) (19.40) (16.27) (19.68)

C8 Green 200 50.6 31.95 2.66 18.64 16.55 18.71

Cu(II) (31.27) (2.86) (18.26) (16.59) (18.50)

(3) Off-white 202 52.0 35.90 2.85 21.35 30.60 –

(36.30) (2.40) (21.19) (30.36)
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Fig. 20.1
1H and 13C NMR spectra of compounds (1) (a, b) and (2) (c, d)

Fig. 20.2 Mass spectrum of compound (1)
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Fig. 20.3 Mass spectrum of compound (2)
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opening of N-acetylisatin [2, 12, 25]. The band observed at 3409 cm�1 was

attributed to OH stretching vibration of lattice ethanol [12]. Vibrational modes of

C(2) carbonyls were observed unchanged in the IR spectra of Hg(isatin)2 and

compound (3). This indicates that the condensation of 3-AT with N-acetylisatin

led to ring opening while reaction with isatin and Hg(isatin)2 occurred without ring

opening (Scheme 20.2).

The spectra of the metal complexes exhibited shifts in the azomethine and both

νC¼N and νN-C¼N vibrations of triazole ring to lower vibrations indicating bidentate

nature of the two ligands [5, 6, 13, 26, 27]. The spectra of complexes of (2), C6-C8

exhibited also shifts of bands assigned to C(2)-carbonyl group of isatin ring to

higher frequencies which rules out the coordination of metal ions [5, 16, 23, 27].

The spectrum of Hg(isatin)2 exhibited the absence of N-H stretching vibration of

isatin ring with no significant changes in the vibrational modes of the two carbonyls

inferring bonding of nitrogens only to the metal ion [28]. The strong sharp bands

appearing at 1500–1481 cm�1 were attributed to aromatic C¼C vibrations [11, 12].

The spectrum of (3) exhibited the absence of C(3) carbonyl and the appearance of

four new bands attributed to stretching vibrations of azomethine group [16, 24] and

C¼N, N-C¼N, and N-N¼C vibrations of the triazole ring [5, 13] (Table 20.2). The

band observed at 3201 cm�1 was assigned to N-H stretching vibration of triazole
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ring [5, 13]. Characteristic bands of coordinated water νðOHÞ; ρrðH2OÞ and ρwðH2OÞ
vibrations) were observed in the spectra of C2-C4 and C6-C8 [11, 27] whereas

vibrational modes of lattice water were observed in the spectra ofC1, C2, C3 and C5

[26, 27, 29], Hg(isatin)2 [24] and (3). Bands assigned to M-N, M-O and M-Cl

stretching modes [18, 27, 30, 31] appeared at lower frequencies. Vibrational modes

of monodentate and ionic acetate of the zinc complex, C4, were observed at 1334

and 1404 cm�1 respectively [27].

20.3.5 Electronic Spectra, Magnetic Moments
and Conductivity Measurements

The spectrum of compound (1) in DMF exhibited a sharp single band at

31,152 cm�1 with a shoulder at 41,322 cm�1. In DMSO, the spectrum exhibited a

sharp single band at 36,496 cm�1 with one shoulder at 29,411 cm�1. The spectrum

of compound (2) in DMF exhibited a multiplet band at 37,174, 29,674 and

23,530 cm�1. All these bands were attributed to π ! π* transitions [12, 32, 33].

The spectra of metal complexes are described in Table 20.3. All complexes

exhibited shifts and changes in the profiles of ligand bands with the appearance

of bands in the visible and near IR regions assigned to charge transfer bands and

ligand field d-d transitions. The spectrum of the Co(II) complex of (1), C1, in DMF

exhibited two new bands assigned to the spin-allowed transitions 4A2 ! 4T1 (ν2)
and to 4A2 ! 4T1(P) (ν3) related to the tetrahedral geometry of Co(II) complexes

[29, 32, 33]. By applying band ratio ν3/ν2 ¼ 1.59 on the Tanabe-Sugano diagram,

the values of Dq/�B, �B, 10Dq, β and ν1 assigned to 4A2 ! 4T2(F) were obtained. The

magnetic moment of the complex (4.9 B.M.) indicates a binuclear structure with

spin orbital contribution [33, 34]. The spectrum of the Ni(II) complex, C2, in DMF

exhibited three new bands. The first two low intensity bands were attributed to the

transitions 3T1 ! 3A2 (ν2) and 3T1 ! 3T1(P) (ν3) respectively and the third high

intensity band was assigned to LMCT transitions of tetrahedral geometry [32, 33].

By applying the band ratio ν3/ν2 (1.6) on the Tanabe-Sugano diagram, the energy of

ν1 assigned to the transition 3T1 ! 3T2 was calculated [32–34]. The magnetic

moment (3.1 B.M.) is in agreement with tetrahedral nickel(II) complexes [33, 34].

The spectrum of the Cu(II) complex, C3, in DMF exhibited a new low intensity

band which appeared as a doublet with two maxima at 15,000 and 13,888 cm�1.

The average value (14,444 cm�1) was attributed to 2Eg ! 2T2g transition of a

tetragonally distorted Cu(II) octahedral complex [22]. The magnetic moment of

the complex (1.83 B.M.) refers to binuclear Cu(II) complexes [33, 34]. The spectrum

of the zinc(II) complex, C4, in DMSO showed one additional band at 30,770 cm�1

which was assigned to a ligand to metal charge transfer (LMCT) transition
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characteristic of d10 metal complexes [32, 33]. The spectrum of the diamagnetic Pd

(II) complex,C5, in DMF exhibited one additional band at 18,085 cm�1 attributed to

the transition 1A1g ! 1B1g of square planar geometry [35]. The bands observed

in the spectra of the Co(II), Ni(II) and Cu(II) complexes of (2), C6-C8 and their

magnetic moment values are indicative of octahedral geometries [33, 34].

The energies of ν1 for the Co(II) complex, C6, and ν3 for the Ni(II) complex, C7,

assigned to the transitions 4T1g ! 4T2g and
3A2g(F) ! 3T1g(P) respectively were

calculated by applying the band ratios ν3/ν2 (1.345) and ν2/ν1 (1.573) respectively on
appropriate Tanabe-Sugano diagrams. The magnetic moments of the Co(II) and Cu

(II) complexes (4.5 and 1.72 B.M. respectively) are in agreement with mononuclear

complexes [33, 34, 36], while that of the Ni(II) complex (2.8 B.M.) refers to a

binuclear complex [33, 34]. The spectra of Hg(isatin)2 and compound (3) in DMSO

exhibited high intensity bands assigned to π ! π* transitions at 31,447 and 36,900,
and 38,610 cm�1 respectively, and lower intensity bands assigned to LMCT

transitions at 22,075 and and 28,818 cm�1 respectively [32]. The values of the

nephelauxetic ratio β for the cobalt(II) and Ni(II) complexes indicate the presence of

covalent character in the bond between the ligands and metal ions [32, 33]. Results

of conductivity in DMF or DMSO indicate the electrolytic nature of C2, C4 and C5

with ionic ratios of 1:2, 1:1 and 1:2 respectively and non-electrolytic nature of the

other complexes [37].

From the above data together with elemental analyses and IR spectra, the

suggested structures of complexes are shown in Scheme 20.5.

20.3.6 Thermal Analysis of Metal Complexes

Thermographs of selected complexes are shown in Fig. 20.4.

Water molecules in the crystal lattice of complexes were lost at the tempe-

rature range of 50–150 �C as was observed in the TG curves [38]. At the early

stages the decline in DTA curves refers to endothermic reactions [11, 38, 39],

while at temperatures higher than 350 �C the progress of weight loss was com-

bined with continuous rise of DTA curve. This is attributed to further decomposi-

tion of metal complexes leading to fragments that undergo exothermic reactions

[38]. At the final stages of the thermal decomposition of metal complexes of (1),

C1, C2, C3 and C5, the end products correspond to the formation of CoCl2 + CoO,

2NiO, CuO + CuCl2 and PdCl2 + PdO respectively as final residues [38], while

95 % of the Hg(II) complex (3) has been sublimed. This confirms the difference in

the bonding nature between the four transition metal complexes and the Hg

(II) complex [38].
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20.4 Conclusions

The condensation reaction of 3-AT with isatin and Hg(isatin)2 resulted in the

formation of the azomethine linkage at C(3) of isatin ring without cleavage of the

isatin ring while, like other reported amines, reaction of 3-AT with N-acetylisatin

led to ring opening and consequently to different coordination behavior of (1)

compared with (2). In all the metal complexes the present ligands showed bidentate

behavior in which at least one of the three nitrogens of triazole ring is participating

in coordination with the metal ions. The thermal analysis of the selected metal

complexes of compound (1) proved their binuclear structure.
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Fig. 20.4 TG, DTG and DTA curves of (a) [(Co2(1)Cl4)]1.5H2O (C1); (b) [Cu2(1)

Cl4(H2O)4].2H2O (C3); (c) C20H12N10OHg.2H2O (3)
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Chapter 21

Propericiazine as a Reagent

for the Spectrophotometric

Determination of Osmium

Thimme A. Gowda

Abstract Propericiazine (PPC) is proposed as a new sensitive and selective

reagent for the spectrophotometric determination of microgram amounts of

osmium. PPC forms an orange-red colored species with osmium(VIII) or osmium

(VI) instantaneously at room temperature in 6 M hydrochloric acid medium. The

orange-red species exhibits maximum absorbance at 511 nm. Beer0s law is valid

over the concentration range 0.1–8.0 ppm for osmium(VIII) and 0.20–10 ppm for

osmium(VI). Sandell’s sensitivity of the reaction is 9.4 ng/cm2 for osmium(VIII)

and 13.5 ng/cm2 for osmium(VI). The effects of time, temperature, acidity, order of

addition of reagents, reagent concentration and diverse ions are investigated. The

application of the proposed method in the determination of osmium content in

synthetic syserkite mineral has been explored.

21.1 Introduction

The use of several chromogenic reagents in the spectrophotometric determination of

osmium has been reviewed by several workers [1–5]. Most of the methods reported

suffer from the disadvantages of one kind or the other. The various experimental

conditions, such as reaction time, temperature, acidity, reagent concentration and

certain foreign ions, that affect the color development and hence the analytical

method require rigid control over them. Although 1,5-diphenylcarbohydrazide [6]

is a sensitive reagent for osmium, it has many disadvantages. The color development

is dependent on temperature, time of standing in aqueous phase, the acid concentra-

tion, the period between the extraction of the complex into chloroform and

subsequent absorbance measurement and even the order of addition of reactants.
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In addition, the associated ions of platinummetals and base metals interfere. For this

reason, despite the lack of sensitivity, thiourea [7] remains the reagent of choice for

osmium. 2-Amino-8-naphthol-3,6-disulphonic acid [8] has been claimed to be a

good reagent for osmium. Although there is no interference by other platinum

metals, the method lacks sensitivity.

Propericiazine (PPC), 2-cyano-10-[3-(4-hydroxy-1-piperidyl)propyl]phenothia-

zine, is a tranquilizing agent which was used for the spectrophotometric determi-

nation of ruthenium(III) [9] and palladium(II) [10]. In the present work, PPC has

been proposed as a reagent for the spectrophotometric determination of osmium in

solution. The proposed method offers the advantages of simplicity, rapidity, good

sensitivity and reasonable selectivity. The application of the method in the deter-

mination of osmium content in the industrial samples such as syserkite mineral has

also been investigated.

21.2 Methodology

21.2.1 Materials

Osmium(VIII) solution: A stock solution of osmium(VIII) was prepared by

dissolving 1 g sample of osmium tetroxide (Johnson Matthey Chemicals Ltd,

London) in about 100 ml of 0.2 M sodium hydroxide in a glass-stoppered flask as

described by Ayres and Wells [11]. The orange-red solution was transferred to a 1-l

volumetric flask and diluted with doubly distilled water. The solution was

standardised by the method of Klobbie as follows: To 25 ml of the solution were

added 15 ml of 6 M sulphuric acid and 2 g of potassium iodide. The liberated iodine

was titrated against 0.01 N sodium thiosulphate. The difficulty in determining the

endpoint due to the green color of the reduced osmium was circumvented by adding

5 ml of benzene and titrating with standard sodium thiosulphate until a colorless

layer of benzene was obtained. The sample solutions were prepared by diluting the

stock solution in order to give convenient strengths.

Osmium(VI) solution: Osmium(VI) solution was prepared by dissolving a

known amount of potassium osmate (Johnson Matthey Chemicals Ltd, London)

in a known volume of 1 M hydrochloric acid.

Osmium(IV) solution: Osmium(IV) solution was prepared by dissolving 0.54 g

of potassium chloroosmate (Johnson Matthey Chemicals Ltd, London) in a known

volume of 1 M hydrochloric acid and stored in a refrigerator.

PPC solution: A 0.2 % solution of PPC was prepared in doubly distilled water

and stored in an amber bottle in a refrigerator.

Diverse ions: Aqueous solutions of diverse ions of suitable concentrations were

prepared using analytical grade reagents.

Beckman Model DB spectrophotometer with matched 1 cm thick silica cells

(Beckman Instruments, Inc., Fullerton, USA)was used for absorbancemeasurements.
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21.2.2 Standard Procedure for the Determination
of Osmium(VIII) or Osmium(VI)

To an aliquot of the sample solution containing 2.5–200 μg of osmium(VIII) or

5–250 μg of osmium(VI), were added 15 ml of 10 M hydrochloric acid and 3 ml of

0.2 % PPC solution and diluted to 25 ml with doubly distilled water. The solution

was shaken well and the absorbance was measured at 511 nm against a reagent

blank prepared in the same way. The amount of osmium(VIII) or osmium (VI) was

calculated using the standard calibration curve.

21.3 Results and Discussion

PPC is readily oxidized to the orange-red colored species by osmium(VIII) or

osmium(VI) at room temperature (25 � 2 �C) in hydrochloric, sulphuric or phos-

phoric acid medium (Fig. 21.1). The sensitivity and stability of the orange-red

species, which is believed to be a free radical [12–14], depend on the nature and

concentration of the acid employed. The sensitivity in the three-acid media is in the

order HCl ffi H3PO4 ffi H2SO4. The color development in acetic acid medium is

very slow. The orange-red free radical formed in sulphuric acid medium is stable

for only 10 min. Nitric acid cannot be used as it oxidizes PPC to an orange-red

intermediate. Maximum color intensity is achieved in 4.5–8.0 M hydrochloric acid

or 4.0–6.0 M phosphoric acid medium. The maximum color intensity is not

observed below 4.5 M hydrochloric acid. The reagent undergoes further oxidation

at acidities higher than 8 M hydrochloric acid or 6.0 M phosphoric acid. The

stability of the red species in 6 M hydrochloric acid and phosphoric acid is 2 and

1 h respectively. Hydrochloric acid medium (6 M) was selected for further studies

because of its longer stability and less interference of foreign ions. Osmium(IV) did

not produce any colored species with PPC. The structures of PPC and the orange-

red species are shown in Fig. 21.1.

21.3.1 Absorption Spectra

The absorption spectra of the orange-red colored oxidation product of PPC, osmium

(VIII), osmium(VI) and PPC in 6 M hydrochloric acid medium are shown in

Fig. 21.2.

The orange red-colored species exhibits maximum absorbance at 510–512 nm

and the reagent, osmium(VIII) and osmium(VI) do not absorb near this wavelength

range thus promoting excellent analytical conditions. Further studies were made at

511 nm.
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21.3.2 Effect of Reagent Concentration

The effect of reagent concentration was examined by measuring the absorbance at

511 nm of solutions containing 4 μg/ml of osmium(VIII) or 6 μg/ml of osmium

(VI) and varying amounts of PPC. A 30-fold molar excess of PPC over osmium

(VIII) or a 20-fold molar excess of PPC over osmium(VI) was needed for com-

pleteness of the reaction. Addition of more reagent had no effect on the absorbance

reading. An optimum amount of 3 ml of 0.2 % reagent solution was used.

21.3.3 Effects of Sequence of Addition of Reactants
and Temperature

Therewas no change in the absorbance readingwhen the order of addition of reactants

was changed. The absorbancewas not affected by temperature in the range of 8–52 �C,
afterwards the absorbance gradually decreased with increase in temperature.

Fig. 21.2 Absorption spectra of solutions of red species, reagent blank and osmium(VIII)/

osmium(VI) in hydrochloric acid medium. A: Solution of orange red species of PPC with

osmium(VIII) versus reagent blank (concentration of osmium(VIII) ¼ 5 μg/ml). B: Solution of

orange red species of PPC with osmium(VI) versus reagent blank (concentration of osmium

(VI) ¼ 5 μg/ml). C: Reagent PPC blank versus water. D: Solution of osmium(VIII)/osmium

(VI) versus water (concentration of osmium(VIII)/osmium(VI) ¼ 5 μg/ml)

Fig. 21.1 Structures of

propericiazine and orange-
red species
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21.3.4 Calibration, Range, Sensitivity and Precision

Beer’s lawwas obeyed over the concentration range 0.10–8.0 ppmof osmium(VIII) or

0.20–10.0 ppm of osmium(VI). The optimum concentration ranges evaluated by

Ringbom’s method [15, 16] were 0.8–7.5 ppm for osmium(VIII) and 1.0–9.8 ppm

for osmium(VI). The molar absorptivity of the orange-red colored species is

1.9 � 104 lmol�1 cm�1 for osmium(VIII) and 1.41 � 104 lmol�1 cm�1 for osmium

(VI) at 511 nm. For log Io/I ¼ 0.001, the sensitivity of the reaction as calculated from

Beer’s law data is 9.4 ng/cm2 for osmium(VIII) and 13.5 ng/cm2 for osmium(VI). The

standard deviation calculated from 10 determinations for solutions containing 2 ppm

of osmium(VIII) and 3 ppm of osmium(VI) are 0.0020 and 0.0028 respectively.

21.3.5 Effect of Diverse Ions

In order to assess the possible analytical potential of the method, the effects of some

ions which often accompany osmium were studied. For these studies different

amounts of ionic species were added to solutions of 50 μg of osmium(VIII) in

6 M hydrochloric acid in 25-mL volumetric flasks and the color was developed as

outlined by the standard procedure. The following amounts (μg/ml) of foreign ions

were found to give less than 2 % error in the determination of 1 μg/ml of osmium

(VIII): Cu(II), 450; Ni(II), 420; Co(II), 450; Fe(III), 5600; Mg(II), 6500; Ca(II),

8400; Zn(II), 4200; Ba(II), 4800; Sr(II), 4200; U(VI), 2400; Ru(III), 0.5; Pd(II), 0.5;

Rh(III), 25.0; Ir(III), 35.0; Pt(IV), 20; fluoride, 2600; phosphate, 10000; bromide,

3200; iodide, 2.0; nitrate, 6000; sulphate, 10000; acetate, 10000; citrate, 1800;

oxalate, 2600; EDTA, 4500. Cations such as Ag(I), V(V), Ce(IV), Au(III), dichro-

mate and permanganate interfered in the determination at all concentrations.

21.3.6 Applications

Determination of Osmium in Ores

Analysed samples of osmiridium or syserkite were not available. Therefore, syn-

thetic mixtures containing platinum group metals corresponding to osmiridium or

syserkite were prepared and the osmium content was determined using the standard

procedure. The results are presented in Table 21.1.

21.4 Conclusions

The sensitivity of the proposed method is greater than that of o-(β-benzoyl-thiourido)
benzoic acid [17], 2-mercaptobenzothiazole [18], tiron [19], 1-carbamidine-3-methyl-

5-pyrazolene [20], β-benzoyl-α-(o-tolyl)thiourea [21], thiobenzohydrazine [22],
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isoniazid [23] which have been proposed as sensitive spectrophotometric reagents for

osmium. In these methods, however, the formation of complexes is quite slow in

aqueous medium at room temperature and conditions for obtaining reproducible color

development are usually critical.

The proposed reagent is sensitive and selective for the spectrophotometric

determination of microgram amounts of osmium. The application of the proposed

method in the determination of osmium content in synthetic ores has been explored.
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Chapter 22

An Assessment of Physico-Chemical

Parameters of Ganga Water Using

Multivariate Analysis

Sukarma Thareja

Abstract An extensive investigation of the physico-chemical parameters of water

samples of Ganga river, surface water, treated water and ground water at Kanpur

during pre-monsoon, monsoon, and post-monsoon seasons of India is presented.

Correlation coefficients were calculated between different pairs of parameters to

identify the highly correlated and interrelated water quality parameters and t-test
was carried out for checking significance. Principal Components Analysis (PCA)

was done to ascertain the parameters responsible for variability in water quality

variance. Multiple linear regression analysis is also discussed.

22.1 Introduction

It is known that good water quality produces healthier humans. River Ganga is the

lifeline of Kanpur and its water is used for domestic and agricultural purposes;

therefore, effective maintenance of water quality is required through appropriate

measurements. River Ganga is of particular importance in the study of surface water

pollution because effluents from ternaries, municipal sewage, agricultural and urban

runoff are discharged into it during different seasons leading to considerable change in

water quality. Physico-chemical and micro-biological characteristics describe the

quality of water; therefore, an analysis of physico-chemical parameters of Ganga

water has been reported by many workers [1–3]. Regular monitoring of all the

parameters is a very difficult and laborious task even if adequate manpower and

laboratory facilities are available. Therefore, statistical correlation technique has

been used for comparison of physico-chemical parameters. The first part of present

work deals with the study of 15 physico-chemical parameters like pH, temperature,

turbidity (Tu), total hardness (TH), Fe3+, Cl�, total dissolved solids (TDS),
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Ca2+, SO4
2�, NO3

�, F�, total alkalinity (TA), Mg2+, oxygen consumption (OC) and

suspended solids (SS) of Ganga river water in Kanpur. The objective is to minimize

the complexity and dimensionality of large set of data. Systematic calculation of

correlation coefficient between physico-chemical parameters has been carried out

and significant correlation has been further verified by using t-test [4]. Physico-
chemical properties of Ganga water at various places in UP like Buxar (Unnao),

Narora and Kannauj in and around Haridwar have been reported [1, 5]. The seasonal

analysis of Kanpur water showed that the extent of pollution varied in different

seasons [6a, 6b]. The steep growth in population due to rapid urbanization and

industrial development of Kanpur city has increased the demand of water manifold.

In the present work we consider the drinking water quality of the filtration plant and

other sources at Kanpur.

The particular problem in the case of water quality monitoring is the complexity

associated with analyses of a large number of measured variables [7a, b]. The data

sets contain rich information about the behavior of the water resources. The

classification, modeling and interpretation of monitoring data are the most impor-

tant steps in the assessment of water quality. Surface water, groundwater quality

assessment and environmental research employing multi-component techniques are

well described in the literature [8a, b]. Multivariate statistical approaches allow

deriving hidden information from the data set about the possible influence of the

environment on water quality [9, 10].

Principal component analysis (PCA) method provides a unique solution so that the

original data can be reconstructed from the results. Principal Components (PCs)

actually take the cloud of data points and rotate it such a way that maximum

variability is visible. In other words, it identifies the most important gradients. In

recent years many studies have been done using PCA in the interpretation of water

quality parameters [11]. In the present study we have also carried out PCA of

physico-chemical parameters of water for assessing the water quality of Ganga river.

Water quality index (WQI) [12] is an effective tool for assessment and manage-

ment of water quality. We have calculatedWQI from the point of view of suitability

of surface water, treated water and ground water.

22.2 Methodology

22.2.1 Experimental

Water samples were collected from Kanpur sampling stations during pre-monsoon

(April-May), monsoon (July-August) and post- monsoon (October-November) phase

in the year 2008. During sampling, pH, temperature and turbidity were determined

using digital pH meter, thermometer and turbidity meter respectively. F�and nitrate

were estimated using colorimetric method. The laboratory analysis of samples was

done using standard methods (APHA, 1998) [13]. Titrimetric method was used for
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the determination of total alkalinity and gravimetric method for total dissolved solids

and total suspended solids. Mohr’s argentometric titration method was used for

chloride [14], sulphate was estimated using turbidometric method [14] whereas Ca2+,

Mg2+ and TH were determined by EDTA titrimetric method [14]. Atomic absorption

spectrophotometer was used for the determination of Fe contents. All the chemicals

used were of analytical reagent (AR) grade. The average values of physico-chemical

parameters of Ganga river water for the year 2008 at Kanpur are listed in Table 22.1.

The observed values of various physico-chemical parameters of water samples were

also compared with standard values recommended by the World Health Organization

(WHO) [15a].

22.2.2 Sampling

In the present work we report the quality of water taken from 200 MLD filtration

plant sites and ground water resources. The sites are GW, CGW, TW and the ground

water sampling site is named as PSP i.e. postal station pumps (hand pumps). These

PSP and surface water samples are Grab samples collected from six different zones of

Kanpur during monsoon (July and August), autumn (September and October), winter

(November to January), spring (February and March) and summer (April to June) for

the period July 2008-June 2009.

Experimental values of the various (15) physico-chemical (WT, pH, turbidity, TA,

TDS, TH, Ca2+, Mg2+, Cl�, NO2
�, NO3

�, SO4
2�, Cr6+, Fe3+, F�) parameters in

Table 22.1 Average values of physico-chemical parameters of Ganga river water for the year

2008 at Kanpur. HDL: Highest Desirable Limit; MPL: Maximum Permissible Limit

Drinking water WHO

standard

No. Parameter Units HDL MPL Experimental values (range)

1 Temperature �C 22–30

2 Turbidity NTU 5 10 18–470

3 pH value – 6.5–8.5 No relaxation 8.4–8.9

4 Total hardness (as CaCO3) mg/l 300 600 122–212

5 Iron mg/l 0.3 1.0 0.2–0.8

6 Chlorides mg/l 250 1,000 7–26

7 Dissolved solids mg/l 500 2,000 256–500

8 Calcium mg/l 75 200 28–48

9 Sulphate mg/l 200 400 50–91

10 Nitrate mg/l 50 No relaxation 0–1.77

11 Fluoride mg/l 1.0 1.5 0–0.8

12 Total alkalinity mg/l 200 600 13–246

13 Magnesium mg/l 30 150 9.23–26.24

14 Oxygen consumptiona mg/l 3.0 No relaxation 2.4–7.8

15 Suspended solids mg/l 20 150 70–280
aObserved from KMnO4 at 37

�C in 3 h
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different seasons for Ganga water (GW), lower canal Ganga (CGW), treated water

from filtration plant (TW), ground water sampling site postal station pumps (PSP) for

April 2008-June 2009 are reported in Figs. 22.1, 22.2, 22.3, 22.4 and 22.5 respec-

tively. For seasonal variation study at GW, CGW, TW and PSP, we concentrated on

the above mentioned parameters.

Fig. 22.1 Physico-chemical parameters in monsoon season

Fig. 22.2 Physico-chemical parameters in summer season

Fig. 22.3 Physico-chemical parameters in winter season
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22.2.3 Correlation Study

In order to calculate the correlation coefficients, a correlation matrix was constructed

for the 15 physico-chemical parameters (pH, temperature, turbidity (Tu), total

hardness (TH), Fe3+, Cl�, total dissolved solids (TDS), Ca2+, SO4
2�, NO3

�, F�,
total alkalinity (TA), Mg2+, oxygen consumption (OC) and suspended solids (SS)) for

Ganga water for the year 2008, by calculating the coefficients of different pairs of

parameters and correlation for significance was further tested by applying t-test [15b].
The results are listed in Table 22.2.

22.2.4 Data Processing by Principal Components
Analysis (PCA)

For studying PCA for the year 2008 we concentrated on 14 parameters (Ca2+, Mg2+,

SO4
2�, WT, F�, pH, Fe, OC, Cl�, TH, TA, Tu, SS, TDS) for 12 months. The

168 (14 � 12) parameters obtained from the laboratory analysis were used as

variable inputs for Principal Components Analysis (PCA). PCA was performed

using the SPSS package. Prior to the analysis, the data were standardized to produce

Fig. 22.4 Physico-chemical parameters in autumn season

Fig. 22.5 Physico-chemical parameters in spring season
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a normal distribution of all variables. In PCA, the data cluster is rotated by subtracting

the mean of the data and dividing by the standard deviation. So the centroid of whole

data set is zero and the relative location of all the points remains the same. This type

of ordination reduces the dimensionality of the data set and minimizes the loss of

information caused by reduction of Eigen values and the corresponding Eigen vectors

of standardized covariance matrix were calculated. Then a number of PCs were

selected from the initial PC according to their Eigen values and scree diagram. The

Eigen value associated with each principal component tells us how much variation in

the data set it explains. They are usually expressed as a percentage of the total

variation in the data set and percent of variance contributed in each PC.

22.2.5 Calculation of the Water Quality Index

The Water Quality Index (WQI) was calculated using weighted arithmetic index

method. The method involved three steps.

Table 22.2 Different paired

sample correlations

(Year 2008)

Paired parameters Correlation coefficient (r) [t]

Pair 1 Temp & NO3
� �0.829 21.514

Pair 2 pH & OC 0.821 4.762

Pair 3 TA & TH 0.970 4.694

Pair 4 TA & Ca2+ 0.821 9.145

Pair 5 TA & Mg2+ 0.851 10.179

Pair 6 TA & Cl� 0.910 10.511

Pair 7 TA & TDS 0.988 8.233

Pair 8 TA & OC 0.880 9.942

Pair 9 TA & F� 0.836 9.850

Pair 10 TH & Mg2+ 0.916 9.973

Pair 11 TH & Cl� 0.870 10.091

Pair 12 TH & TDS 0.993 8.653

Pair 13 TH & F� 0.912 9.516

Pair 14 Ca2+ & TDS 0.816 8.711

Pair 15 Mg2+ & Cl� 0.872 2.175

Pair 16 Mg2+ & TDS 0.889 9.179

Pair 17 Mg2+ & SS �0.935 3.261

Pair 18 Mg2+ & F� 0.977 6.239

Pair 19 Cl� & TDS 0.877 9.256

Pair 20 Cl� & OC 0.985 4.639

Pair 21 Cl� & SS �0.923 3.348

Pair 22 TDS & OC 0.827 9.070

Pair 23 TDS & SS �0.971 3.049

Pair 24 TDS & F� 0.890 9.051

Pair 25 OC & SS �0.894 3.817

Pair 26 SS & F� �0.928 4.016

Note: Significant if value of t using the 0.05 significance level

is >2.18

298 S. Thareja



In the first step, the quality rating scale qi for each parameter was assigned by

dividing the Ci, the concentration of each chemical parameter in water sample in

mg/l to its respective standard, Si, where Si, is the Indian drinking water standard

for each chemical parameter according to guidelines of the BIS 10500, 1991 [16]

and the results are multiplied by 100.

qi ¼ Ci=Sið Þ � 10 (22.1)

In the second step, wi the unit weight factor was calculated by a value inversely

proportional to the recommended standard Si of the corresponding parameter where

qi is the quality rating.

wi ¼ 1=Si (22.2)

The overall Water Quality Index (WQI) was calculated by aggregating the

quality rating qi with unit weight wi linearly.

WQI ¼ wiqi ¼ SIi (22.3)

where SIi is the sub index of ith parameter.

Overall WQI ¼
X

WQI=
X

wi (22.4)

22.3 Results and Discussion

22.3.1 Physico–Chemical Characteristics of Ganga River
Water at Kanpur for 2008 by Using Correlation Study

The observed pH values ranging from 8.4 to 8.9 show that the water samples are

slightly alkaline in pre-monsoon season. These values are within the maximum

permissible limit prescribed by WHO [15a]. Other parameters like turbidity

(18–470 NTU), TH (122–212 mg/l), Fe3+ (0.2–0.8 mg/l), chloride (7–26 mg/l),

TDS (256–500 mg/l), Ca2+ (28–48 mg/l), SO4
2�(50–91 mg/l), NO3

� (0–1.77 mg/l),

F� (0–0.4 mg/l), TA (13–246 mg/l), Mg2+ (9.23–26.24 mg/l), OC (2.4–7.8 mg/l),

SS (70–280 mg/l) are found within the highest desirable or maximum permissible

limit set byWHO.However, turbidity and Fe contents are observed to be on the higher

side compared to the maximum permissible limit set by WHO in all the seasons.

For the year 2008, a significant positive correlation was found between total alkalinity

and total hardness (r ¼ 0.970, t ¼ 4.694), Ca2+ (r ¼ 0.821, t ¼ 9.145), Mg2+

(r ¼ 0.851, t ¼ 10.179), Cl� (r ¼ 0.91, t ¼ 10.511), TDS (r ¼ 0.988, t ¼ 8.233),

OC (r ¼ 0.880, t ¼ 9.942) and F� (r ¼ 0.836, t ¼ 9.850). This shows that with

increase or decrease in the values of TA, TH, Ca2+, Mg2+, Cl�, total dissolved solids,
OC and F� also exhibit increase or decrease in their values.
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Total hardness bears a positive correlation with Mg2+ (r ¼ 0.916, t ¼ 9.973),

Cl� (r ¼ 0.870, t ¼ 10.091), TDS (r ¼ 0.993, t ¼ 8.653) and F� (r ¼ 0.912,

t ¼ 9.516). The correlation between Mg2+ and Cl� is high (r ¼ 0.872, t ¼ 2.175)

as well as the correlation between Mg2+ and F� (r ¼ 0.977, t ¼ 6.239), suggesting

that the total hardness of water samples is mainly due to the presence of MgCl2 and

MgF2 [17]. Chloride ion bears significant positive correlation with TDS (r ¼ 0.877,

t ¼ 9.256), Mg2+ (r ¼ 0.872, t ¼ 2.175) and OC (r ¼ 0.985, t ¼ 4.639). It reveals

that Mg2+ mainly remains present as MgCl2. A significant positive correlation was

found between Ca2+ and TDS (r ¼ 0.816, t ¼ 8.711). The magnesium content of

Ganga water increases or decreases with increase or decrease in the value of TDS

(r ¼ 0.889, t ¼ 9.179). OC and SS are significantly negatively correlated showing

that when SS increases, OC decreases. High levels of suspended solids (SS) in the

water systems increase the biological and chemical oxygen demand, which deplete the

dissolved oxygen level in the aquatic system. High negative correlations were also

found between SS and TDS, Cl� and Mg2+.

22.3.2 Seasonal Variation of Water Physico-Chemical
Parameters at Different Sites for 2008–2009

Water Temperature

In the present study, the temperature varied from 14 to 32 �C. In 2002 and 2003 the
mean monsoon temperature was 25.8 �C and 26.1 �C respectively. However, for the

same seasons in 2008–2009, mean temperature was found to be 30 �C. Mean

temperatures of 20 and 30 �C for spring and summer seasons were observed. It is

found that over the passage of time from 2002 to 2008–2009 the monsoon season

temperature has increased significantly.

Hydrogen Ion Concentration (pH)

The pH of water is important because many biological activities can occur only

within a narrow range. Thus, any variation beyond an acceptable range could be

fatal to a particular organism. In the present study, the mean pH of GW samples for

monsoon season was found to be 8.4 (Fig. 22.1). However, for spring and summer

seasons it is 8.5 and 8.9 respectively. The present study also shows that the pH is

alkaline in most of the samples and it ranges from 7.7 to 8.9.

Total Alkalinity

A mean TA of 140 mg/l in surface GW was obtained for the monsoon season.

However, for the five seasons TA varied from 104 to 260 mg/l. Total alkalinity for
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all the seasons for treated water (TW) and GW is within the permissible limit of

WHO which is 200 mg/l except in the winter season for GW samples when the TA

is greater than the HDL prescribed by WHO. TA for GW is lowest during summer

and highest during winter as shown in Figs. 22.2 and 22.3 respectively.

Total Hardness

Hardness is an important parameter in decreasing the toxic effect of poisonous

element. The measured value of TH for the monsoon season increased to 108 mg/l

compared to 81.70 and 97.45 mg/l respectively for GW samples in 2002 and 2003

[2]. The TH of surface water in GW and CGW and ground water samples at PSP

and treated water was found to be in the range of 80–246 mg/l, within the prescribed

limit of 300 mg/l set by WHO.

Turbidity

The present study results show that the mean turbidity of GW samples in the

monsoon season has increased tremendously to 470 NTU. Values of turbidity for

TW samples and ground water samples at PSP for all the seasons were found to be

lower than the HDL prescribed by WHO. However the surface water samples in

GW and CGW showed higher values than the HDL. The immersion of idols could

be the reason of the high value of turbidity shown by surface GW samples during

the festival season in autumn (September and October) as depicted in Fig. 22.4.

Total Dissolved Solids

TDS indicate the total amount of inorganic chemicals in solution. TDS of GW,

CGW and PSP showed seasonal fluctuation for the study period. TDS values of

ground water samples at PSP in summer, autumn and spring (Figs. 22.2, 22.4 and

22.5) are higher than the HDL of 500 mg/l prescribed by WHO.

Chloride

The chloride concentration in water indicates the presence of organic waste

particularly of animal origin [18]. The maximum Cl� contents are found to be

280 mg/l in the summer season in PSP water samples. The mean chloride contents

of GW samples in the monsoon season are found to be 8 mg/l. For surface water

samples in GW, Cl� concentration increases from monsoon, autumn, spring, winter

to the summer season in the range of 8–30 mg/l. The high chloride content in PSP

water makes it taste salty and also promotes pipe corrosion.
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Nitrate

In the present study in PSP samples the NO3
� levels are below 1 mg/l in the

monsoon, autumn, winter and summer season, but in the spring season its mean

value is 1.772 mg/l. In GW samples in the autumn and spring seasons the nitrate

level is less than 1 mg/l, but in the monsoon, winter and summer season it is more

than 1 mg/l with the highest value observed in the winter season of 3.544 mg/l. In

CGW samples the level is less than 1 mg/l in all the seasons except in monsoon.

Fluoride

The fluoride contents are not detectable in PSP and TW samples in all the seasons.

In GW and CGW samples, the fluoride contents ranged from 0 to 0.4 mg/l which are

less than the HDL of 1 mg/l prescribed by WHO for good health.

Sulphate

The mean value of SO4
2� contents for surface water in GW, CGW, ground water at

PSP and for TW samples is far below the maximum allowable concentration for

sulphate ions in drinking water prescribed by WHO which is 250 mg/l.

Iron

Excessive iron content makes the water turbid and discoloured, and imparts an

astringent taste to water. The present study shows that in monsoon, spring and autumn

seasons, the iron content of CGW is greater than GW and the values are greater than

the HDL prescribed by WHO which is 0.3 mg/l. The Fe contents of TW samples in

the autumn season and the ground water samples at PSP in summer are also higher

than the prescribed limit of WHO. It indicates that the filtration plant is not effective

in reducing the iron contents of surface water during the autumn season.

Ca2+ and Mg2+ Contents

Ca2+ and Mg2+ are important contributors to water hardness. For all the seasons, the

surface water at GW and CGW, ground water at PSP and for TW, the content of Ca2+

is greater than Mg2+ except for the summer season where the content of Mg2+ in the

surface water samples at GW is greater than Ca2+. The values of Ca2+ and Mg2+

obtained from surface water samples in GW and CGW, ground water samples at PSP

and for TW for all the seasons except winter are within the HDL prescribed byWHO.
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22.3.3 PCA of Physico-Chemical Parameters
of Ganga Water

The PCA results of Ganga water are shown in Fig. 22.6, depicting a scree plot of

X-Variance (also represents eigenvalue) for each component. The scree plot shows

that the first two PCs are the most significant components representing more than

99.32% of the variance in water quality of Ganga river, 64.47% by PC-1 and 34.85%

by PC-2, showing that the first two eigen values are significant as compared to others.

As the principal components, PC-1 and PC-2 contribute about 99 % of the total

variance in the data, they are sufficient to interpret our analysis. Figure 22.7 shows

the 64.5 % variance along PC-1 axis where TDS lies at the rightmost position.

Fig. 22.6 Scree plot showing X-Variance vs PCs

Fig. 22.7 Score Plot PC-1 vs PC-2
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Principal Component one (PC-1) has a high loading of Oct, Nov, March, May,

April, Dec, Feb and Jan. Figure 22.8 explains 64.5 % of the total variance. This

component can be ascribed as post-monsoon season effect on water quality of

Ganga river.

Principal Component two (PC-2) explains 34.8 % of the total variance, has high

loading of June, July, Aug and Sep and it reflects the monsoon effect on Ganga river

within Kanpur city. PCA study on the physico-chemical parameters found that

TDS, TH and TA (Fig. 22.7) contribute to the construction of component one and

are significant parameters in post-monsoon season. Therefore these three

parameters which are responsible for main variability in water quality were moni-

tored during post-monsoon season. On the other hand, turbidity and suspended

solids are significant parameters in monsoon season as they are responsible for the

main variability in water quality in monsoon season. Figures 22.7 and 22.8 show the

position of Ca2+, Mg2+, SO4
2�, temperature, F�, pH, Fe, OC and Cl� representing

their least contribution with season change during months, and their position near to

zero along PC-2 axis shows almost their no contribution at all. The frequency of

sampling for these insignificant parameters may thus be reduced. Turbidity and

suspended solids are monitored for monsoon season as they are responsible for

variability in water quality. Variation in hardness of river water is probably due to

the regular addition of sewage detergents arising from huge human activities called

Anthropogenic Factor. Anthropogenic Factor is identified as responsible for

explaining the physical nature of component one accounting for 64.5 % of the

total variance. Turbidity and SS contribute to the construction of component two

accounting for 34.9 % of total variance. Urbanized areas contribute large amounts

of turbidity to nearby waters, through storm water pollution from paved surfaces

such as roads, bridges and parking lots. Certain industries such as leather tanneries

near the bank of Ganga have generated very high levels of turbidity from colloidal

particles from their wastes. Therefore, the industrial factors are identified as

responsible for explaining the physical nature of component two.

Fig. 22.8 Loading plot PC-1 vs PC-2
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Validation of PCA Results

Before applying the above finding, its scientific reliability must be validated using

other independent methods. One way to achieve this goal is to compare the water

quality data with non-principal physico–chemical parameters. In this study we

developed the comparison between two cases. In the first case, data from the

physico-chemical parameters were used to formulate relationship by regression

analysis for the months of October and November 2008. Comparison of the relation-

ship for October-November 2008 using the data of all the 14 physico-chemical

parameters (Ca2+, Mg2+, SO4
2�, WT, F�, pH, Fe, OC, Cl�, TH, TA, Turbidity, SS

and TDS) (Fig. 22.9) with that obtained using data of the five principal physico-

chemical parameters (TH, TA, Turbidity, SS and TDS) (Fig. 22.10) showed that the

Fig. 22.9 Relationship

between October and

November 2008 for data of

all the 14 physico-chemical

parameters

Fig. 22.10 Relationship

between October and

November 2008 for the

5 principal parameters
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addition of the non-principal parameters did not improve the curve fitting between

October (X) and November 2008 (Y) as indicated by the correlation coefficient (R2).

The R2 value for the regression equation for the data of all the 14 physico-chemical

parameters was 0.413 whereas the R2 value for the regression equation for the data of

the 5 principal parameters was 0.534. The latter is better than the former. Therefore,

the 9 physico-chemical parameters are considered non-principal, since the addition of

data of these 9 physico-chemical parameters did not improve the curve-fitting.

22.3.4 Studies in Seasonal Variation in Water Quality
of Selected Surface, Treated and Ground Water
Through Assessment of Water Quality Index
and Regression Analysis

The degree of a linear association between any two of the water quality parameters

as measured by simple correlation coefficient (r) is presented in Table 22.3. Simple

regression analysis was done to determine the nature of correlation and significance

of the quality parameters on TDS, F� and Fe content of Ganga water. An overall

correlation analysis shows a positive correlation between TDS with Ca2+, Mg2+,

Cl� and SO4
2�. The developed linear relationships for TDS with Ca2+, Mg2+, Cl�

and SO4
2� are given in the form of equations along with correlation coefficients

between the above mentioned physico-chemical parameters in Table 22.3.

F� varies in the range of 0–0.8 mg/l. An overall correlation analysis shows

positive correlation of F� with pH, TA and TH. Correlation coefficient (r) of

turbidity with F� is �0.73. The developed linear relationships for F� with pH,

Table 22.3 Correlation coefficients of different physico-chemical parameters of GW at Kanpur

along with their equations showing linear relationships

S.N.

Physico-chemical

parameters

Correlation

coeff (r) Developed linear relationship Eq No.

1. Ca2+ and TDS 0.810 Ca2+ ¼ 0.06 TDS + 17.03 5

2. Mg2+ and TDS 0.890 Mg2+ ¼ 0.064 TDS � 7.5 6

3. Cl� and TDS 0.880 Cl� ¼ 0.068 TDS � 10.6 7

4. SO4
2� and TDS 0.081 SO4

2� ¼ 0.0164 TDS + 63.16 8

5. F� and pH 0.390 F� ¼ �2.923 + 0.38 pH 9

6. F� and Turbidity �0.730 F� ¼ 0.417 � 0.0005

Turbidity

10

7. F� and TA 0.700 F� ¼ �0.3046 + 0.003 TA 11

8. F� and TH 0.676 F� ¼ �0.269 + 0.0031 TH 12

9. Fe and TH �0.366 Fe ¼ 0.91 � 0.0016 TH 13

10. Fe and TA �0.376 Fe ¼ 0.9264 � 0.0015 TA 14

11. Fe and Turbidity 0.380 Fe ¼ 0.553 + 0.0028

Turbidity

15

12. Fe and pH �0.390 Fe ¼ 3.78 � 0.37 pH 16
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Turbidity, TA and TH are given in Table 22.3. Fe concentration varies between 0.2

and 0.8 mg/l (Table 22.1). Fe is negatively correlated with TH, TA and pH while it

is positively correlated with turbidity. The developed linear relationships for Fe

with pH, Turbidity, TA and TH are given in Table 22.3. The correlation of Fe

content of Ganga water with individual chemical parameters in the form of Eqs.

22.1, 22.2, 22.3 and 22.4 is not satisfactory (correlation coefficient is less than 0.4).

Such a poor correlation indicates that no single chemical parameter would suffi-

ciently explain the existence of iron content values. So the Fe contents data were

subjected to multiple regression analysis in the form of Eq. 22.5.

The developed multiple linear relationship of Fe with F�, SO4
2�, TDS, Cl�, Mg2+,

Ca2+, TH, TA and pH is given below:

Fe¼ 4:989� F� � 0:002� SO4
2� � 0:1872�TDS� 0:457

�Cl� � 377:31�Mg2þ � 229:268�Ca2þ þ 91:95�THþ 0:223

�TA� 0:835� pH� 0:207 (22.5)

Considering a known value of iron and F�, the percentage contribution of each

parameter i.e. TH, TA, turbidity and pH can be obtained by substituting an average

value for study water source/studied area for a particular season from Eqs 13, 14,

15, 16 and Eqs. 9, 10, 11 and 12 (Table 22.3) respectively.

The overall WQI of all the samples taken during summer, winter, spring, autumn

and monsoon for GW, CGW and TW were calculated according to procedure

explained above (Sect. 22.2.5). Ground water samples in the winter season are

found to have WQI ¼ 5.7 and are of excellent quality. TW-WQI lie in the range of

50–75 indicating good quality water for all the seasons except for autumn when the

WQI is 142.6 indicating poor quality water. For summer Ground water WQI is

143.5, and for the four other seasons Ground water WQI range is 5.7–54.0

indicating excellent and good quality water in all the seasons except for summer.

GW-WQI values show poor quality water for all the seasons except for spring,

when the water quality of GW is good with WQI equal to 65.95. The poor quality

water could be attributed to improper disposal of wastes, large quantity of agricul-

tural and urban run-off, sewage, over-application of inorganic fertilizers, improper

operation and maintenance of septic systems (World Health Organisation, 1993)

[15a]. For GW, WQI ranges from 117 to 192 for all the seasons except for monsoon

where the WQI value is 579.3 indicating that water is unsuitable for drinking and

cattle purposes.

Table 22.4 shows the water sampling sites with the seasons that fall under

different quality. In monsoon and winter season the ranking of WQI values is in

the order GW > CGW > TW > PSP water, while in spring and summer seasons

the ranking ofWQI values is in the order GW > CGW > TW, PSP. The high value

of WQI is due mainly to higher values of turbidity and iron contents in the water

samples.
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22.4 Conclusions

A large number of factors and geological conditions influence the correlations

between different pairs of physico-chemical parameters of water samples directly

or indirectly. For the year 2008 Ganga water recorded an appreciable significant

positive correlation between TA and TH, Ca2+, Mg2+, Cl�, TDS, OC and F�, and
Cl� with Mg2+, TDS, OC and TH. Total hardness has significant positive correla-

tion with Mg2+, Cl� and F� and TDS with Mg2+ and F�. SS show significant

negative correlation with Mg2+, TDS, Cl�, OC and F�.
Significant seasonal variations in the physico–chemical parameters of surface

water of Kanpur city were observed during the study period April–December, 2008

and January–March, 2009. PSP ground water source was found to be contaminated

with Cl� in summer, TA in monsoon and summer, and TDS in autumn, spring and

summer seasons as their values were found to be higher than the HDL prescribed by

WHO for drinking purposes.

The first two principal components explain more than 99.0 % of the total

variance of the original data set of the physico-chemical parameters of Ganga

river water, and are sufficient to explain the monitoring area as well as the

physico-chemical water quality parameters. PCA results also show that TA, TH

and TDS are significant parameters in post-monsoon seasons while Turbidity and

SS are significant parameters in the monsoon season. Seasonal variations of WQI

for the samples at different stations range from 5.62 to 587.49. At the outset, the

study clearly indicates that the water of GW and CGW cannot be used for public

consumption in all the seasons except CGW in spring. The analysis reveals that the

groundwater of the area in summer needs some degree of treatment before con-

sumption, and it also needs to be protected from the perils of contamination.

Acknowledgement ST is grateful to Dr. Pervez E. Dean, Principal Christ Church College,

Kanpur for his encouragement throughout the work.

Table 22.4 Water quality classification based on WQI value

WQI value Water quality Water station and seasons

< 50 Excellent PSP in winter

50–100 Good PSP in monsoon, autumn, spring and summer

TW in monsoon, winter, spring and summer

CGW in spring

100–200 Poor PSP in summer, TW in autumn

CGW in monsoon, winter, autumn and summer

GW in winter, autumn, spring and summer

> 300 Unsuitable for drinking GW in monsoon
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Chapter 23

Toxicity Studies of Trachyspermum ammi
(L.) Sprague ex Turrill and Its Smooth

Muscles Effects

Noor Jahan, Mansoor Ahmad, and Mehjabeen

Abstract Spices are utilized for the treatment of different disorders since the ancient

age. Trachyspermum ammi (T. ammi, family Apiaceae, commonly known as ajowan)

is an annual herb and iswidely distributed in Pakistan. It is one of the spices that is used

traditionally to relieve certain complaints. It is also used world-wide as a flavoring

agent in curries, pickles, sauces and cakes. The seeds of the ajowan are widely used for

medicinal purpose. Major active constituents of T. ammi are thymol, p-cymene and

γ-terpinene. The present study is conducted to find out the effect of T. ammi on
gastrointestinal tract. The in-vitro studywas conducted on rabbit jejunum. The volatile

oil of T. ammi seed extract produced interesting effects on intestinal smooth muscles.

Anti-diarrhoeal effect was observed at different concentrations of seed extract of

T. ammi. Absence of insect infestation and contamination has become an important

consideration in storage of grain and to maintain a high quality product. Toxicity of

T. ammiwas assayed by performing insecticidal and wormicidal activity. Insecticidal

activity was determined on Tribolium castaneum and Sitophilus oryzae at different

concentrations, that is, 1, 5, 10, 25, 50, 75 and 100mg. 100%mortalitywas obtained at

concentrations 25, 50, 75 and 100mg and no effectwas observed at low concentration.

Wormicidal potential was determined on earth worm (Lumbricus terrestris). The
extract of T. ammi has no toxicity at low doses, so it can be utilized safely in the

treatment of diarrhoea.
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23.1 Introduction

T. ammi is widely distributed in India, Europe, Persia, Egypt and Afghanistan [1]

and is also cultivated in different areas of Pakistan [2]. T. ammi contains different
constituents and the active constituents include thymol (39.1 %), p-cymene

(30.8 %) and γ-terpinene (23.2 %) [3]. Ajowan fruits contain proteins, resins,

thiamine and riboflavin [4]. With its characteristic aromatic smell and pungent

taste, Ajowan is widely used as a spice and is employed either alone or in mixture

with other spices and condiments. It is also used in pickles, certain types of biscuits,

confectionery, beverages and pan mixtures [5].

Fruits of T. ammi are used as carminative, spasmolytic and as flavouring

agent [3]. T. ammi also acts as an antioxidant, antipyretic, cardiac depressant and

antibacterial as well as antifungal agent [6]. Fruits are also effective against

diarrhoea, flatulence, cholera and colic [5]. Other reported traditional therapeutic

uses of T. ammi fruits include galactogogue and stomachic [7]. Seeds are fried in oil

and used as a thin soup as a galactogogue [8]. It is also used against diarrhoea and as a

parasiticidal agent [9]. Seeds soaked in lemon juice with Prunus amygdalus
(Badam) are effective against amenhorroea [10], it is a cooling (antipyretic, febrifugal)

drink [11] and used in typhoid fever [12]. The present report describes the in-vitro

toxicity and identification of receptors involved in gastrointestinal effects.

23.2 Materials and Methods

The fruits of T. ammi (herbarium number, 001006–11) were purchased from local

market in Nov-Dec 2006. The fruits/seeds were reduced in size and macerated with

ethanol for 15 days in a closed amber glass. The glass chamber was shaken at

different intervals. After 15 days the extract was filtered and dried in a rotary

evaporator. The extract was stored at room temperature for further use [13].

23.2.1 Insecticidal Activity

Insecticidal activity was performed using filter method. The extract in the doses of

1–100 mg/ml was administered on the filter paper [14]. Filter papers of 90 mm

diameter were used on the petri dishes. 10 insects each of Tribolium castaneum and

Sitophilus oryzae were placed in each plate and 24 h readings were observed.

Permethrin (235.9 μg/cm3) was used as standard drug [14].

The crude extract dissolved in distilled water was spread uniformly on the filter

paper; then after air drying of filter paper, insects were placed. Ten insects were

placed on each filter paper placed in seven petri dishes containing dilutions

1–100 mg/ml respectively. The movement of the insects attracted towards the
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extract or repelled by sticking to the walls of the petri dish was observed every 5 h

during 24 h. Convulsions, faintness or paralysis, if any, in the insects were also

observed. The numbers of insects dying immediately or within 5 or 12 or 24 h were

noted. The drug showing high mortality was more toxic as compared to the drug

that caused no death or lower number of insects’ death. The percentage of mortality

determines the higher or lower toxicity of the drug. The results were compared with

the positive as well as negative standard. Permethrin was used as standard causing

high toxicity.

23.2.2 Wormicidal Activity

Wormicidal activity was performed on earth worms (Lumbricus terrestris) at

different concentrations (1–100 mg/ml). Vermox and Zental were used as standard

drugs [15]. The different concentrations of the T. ammi ethanolic extract were

prepared in distilled water. In each petri dish three worms were placed and when

the motility became normal, the drug was administered in different concentrations

and their movements were observed for 5, 12 and 24 h. The pattern of movement, as

increased or decreased, irritating or normal, was observed. The worms were also

observed for the paralysis of any type of body secretions as either blood, yellowish

or white secretions that indicated the toxicity or the hemorrhages. The worms were

also observed for whether the body was stiff like stone or it was soft indicating that

the drug has either muscle relaxant or constriction effect and the death either occurs

due to severe constriction or paralysis. The standard drugs utilized were Vermox

and Zental which are locally available in the market and known for having

anthelmintic activity.

23.2.3 Smooth Muscles Activity

Smooth muscles activity was performed on rabbit intestine (Jejunum). The rabbits

weighing 1 kg were sacrificed by neck blow and then the intestine was removed and

placed in Tyrode solution. Carbogen was provided by gas tubing and the tempera-

ture was maintained at 37 �C. Intestinal movements were recorded isotonically

using Harvard transducers and Harvard Student Oscillograph. Pieces of 3 cm of

intestine were cut and tied onto the water bath containing 5 ml of Tyrode solution.

After equilibration of intestinal movement, the effects of crude drug were observed.

The results were compared with standards such as atropine, acetylcholine and

adrenaline [16–18]. Crude extract was administered in different doses from 1 to

25 mg dissolved in distilled water and the pattern of movement was observed using

an oscillograph. Each observation was made three times after washing the intestinal

segment with Tyrode solution. The drugs inducing relaxing effects give smaller

peaks indicating that they have muscle relaxant or antidiarrhoeal effect and the
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drugs inducing contraction cause increase in peak length indicating the effect of

contraction of smooth muscles or a diarrhoea inducing effect. The results were

analysed by using the student t-test, and significance was determined at 0.05

p-value.

23.3 Results and Discussion

T. ammi is an important remedial agent for flatulence, atonic dyspepsia, and

diarrhoea [5]. The seed of ajowan is bitter, pungent, and it acts as anthelmintic,

carminative, laxative, and stomachic. It also cures abdominal tumors, abdominal

pains, and piles [19]. Ajowan seeds contain an essential oil containing about 50 %

thymol which is a strong germicide, anti-spasmodic and fungicide.

The study was carried out on aerial parts of fruits/seeds of T. ammi. The
ethanolic crude extract was used for the toxicological and gastrointestinal

investigations. The results show the death or survival of insects after exposure

with crude extract of ajowan seeds. The results were observed for a period of 24 h.

The repellant or attractive movements of the insects for the extracts were observed.

The decreased or increased motility as well as the decrease in response or paralysis

were also noted. Chaubey worked on isolated essential oil from seven common

spices, Anethum graveolens, Cuminum cyminum, Illicium verum, Myristica
fragrans, Nigella sativa, Piper nigrum and T. ammi and determined their insecti-

cidal and other activities [20]. Pandey et al. worked on essential oil of seeds of

T. ammi (Linn.) Sprague and its pure constituent thymol showed promising results

when evaluated for larvicidal, oviposition deterrent, vapor toxicity, and repellent

activity against the malarial vector, Anopheles stephensi [21]. Thymol is the main

constituent of ajowan. The present study confirmed the insecticidal and wormicidal

effect of ajowan. The observations showed that the crude ethanolic extract of

ajowan is toxic against the insects as it increased agitation in the insects and gave

a repellent effect. At lower concentration of 1 mg also, the death of insects was

observed (Tables 23.1 and 23.2). The results observed with Tribolium castaneum
show 20 % death at 1 mg dose, 50 % death at 5 and 10 mg dose and 100 % death at

25–100 mg doses. Sitophilus oryzaewere found to be more resistant as at 1 mg dose

10 % death was observed while at 5, 10, 25, 50 and 100 mg the death ratio was

30 %, 50 %, 70 %, 80 % and 100 % respectively. The standard drug Permethrin

showed 100 % death indicating highest toxicity. High doses of T. ammi are toxic but
it is less than standard drug (Permethrin).

Anthelmintic activity of seed extract of T. ammi was investigated on earth

worms (Lumbricus terristris) (Table 23.3). T. ammi showed high wormicidal

activity in comparison with standards Vermox and Zental. At 0.5 mg, death was

observed within 24 h. Similar results were observed at 1 mg dose of seed extract.

At 5 mg dose, the death was observed after 2 h. At 10 and 25 mg dose the death was

observed after 15 min whereas at 50, 75 and 100 mg dose, 100 % mortality was

observed within 1 min. Vermox and Zental were used as standard drugs for the

314 N. Jahan et al.



Table 23.1 Insecticidal activity of T. ammi against Tribolium castaneum

Dose (mg/ml) No. of survivors

Time of onset of drug action

(immobility time/h) % mortality

1 8 24 (10P, 8R, 2D) 20

5 5 12 (10P, 5R, 5D) 50

10 5 12 (5D) 50

25 0 12 (10P, 10D) 100

50 0 12 (10P, 10D) 100

75 0 12 (10P, 10D) 100

100 0 12 (10P, 10D) 100

+ve controla 0 0.5 (10D) 100

�ve controlb 100 (0D) 0

The results are expressed in percentage; No of insects (n) ¼ 10; P paralysed; R recover; D death
aPermethrin (copex 235.9 μg/cm2)
bSolvent

Table 23.2 Insecticidal activity of T. ammi against Sitophilus oryzae

Dose (mg/ml) No. of survivors

Time of onset of drug action

(immobility time/h) % mortality

1 9 24 (10P, 9R, 1D) 10

5 7 12 (10P, 7R, 3D) 30

10 5 12 (5D) 50

25 3 12 (10P, 7D) 70

50 2 12 (10P, 8D) 80

75 0 12 (10P, 10D) 100

100 0 12 (10P, 10D) 100

+ve controla 0 0.5 (10D) 100

�ve controlb 100 (0D) 0

The results are expressed in percentage; No of insects (n) ¼ 10; P paralysed; R recover; D death
aPermethrin (copex 235.9 μg/cm2)
bSolvent

Table 23.3 Assessment of anthelmintic activity of T. ammi

Treatment dose

of T. ammi (mg)

Time

� 1 min 5 min 10 min 15 min 30 min 1 h 2 h 4 h 12 h 24 h

Control N N N N N N N N N N

0.5 0+ 0+ 0+ 0+ 0+ 0+ 0+ 2 2 #2D
1 0+ 0+ 0+ 0+ 0+ 2 1D 3 4 #D
5 0+ 0+ 0+ 0+ 2 #1D D – – –

10 0+ 0+ 0+,B #D – – – – – –

25 0+ 0+ 0+,S,# D – – – – – –

50 #D – – – – – – – – –

75 #D – – – – – – – – –

100 #D – – – – – – – – –

Number of worms used for each dose ¼ 3; N Normal; 0, 1, 2, 3, 4 ¼ intensity of movement;

+ ¼ movement present; S and B secretions and blood; #D decreased activity and death
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comparison of results of T. ammi. The results of wormicidal activity were similar to

insecticidal activity indicating the irritating action of the drug as well as toxicity of

high doses of the drug as at low dose of 1 mg, the death was observed after a long

time period of exposure of 24 h. Worms also showed secretions at 10 mg dose of

extract. The blood secretion was observed at 25 mg dose indicating hemorrhage.

After the death of worms, the body was observed for paralysis or convulsions that

indicated the flaccidity of the body muscles. At higher doses, very irritating

movement and immediate death of worms were observed. The pin prick response

was also reduced in a dose-dependent manner. With standard drugs, no death was

observed but the pin prick response was reduced and worms were paralyzed. No

death but reduced activity was observed with both standard drugs Zental and

Vermox.

The effect on isolated intestinal segment of rabbit jejunum was observed on

oscillograph and the results showed the relaxant effect but this relaxant effect was

not dose dependent. Aftab et al. [22] evaluated blood pressure lowering action of

active principle thymol by calcium channel blocker. Sublethal exposure to thymol

and [5]-gingerol reduced the levels of 5-hydroxytryptamine and dopamine in the

nervous tissue of L. acuminata. Boskabady et al. [23] described several therapeutic
effects including anti-asthma and dyspnea for the seeds of Carum copticum. In
previous studies on the relaxant and anticholinergic (functional antagonism) effect,

histamine (H1) inhibitory effect of Carum copticum has been demonstrated on

guinea pig tracheal chains [23]. In present studies the inhibitory effect of T. ammi
on isolated rabbit jejunum was observed due to its anticholinergic, antihistaminic,

antidopaminic and adrenergic effects.

The effect was observed at different concentrations. At 0.5 mg the effect was

0.1 mm and at 1–25 mg same effect as �0.1 mm was observed that was below the

base line. This peak size indicates the complete relaxing effect of extract. The

relaxant effect of T. ammi is responsible for its spasmolytic effect (Table 23.4,

Fig. 23.1).

The spasmolytic effect of ajowan was analysed by comparison with the standard

drugs and the involvement of muscarinic receptors was found (Figs. 23.2, 23.3, 23.4

and 23.5). The receptors were determined by comparing the effect of crude extract

along with the standard drugs, acetylcholine, aderanaline, atropine and avil in three

Table 23.4 Dose related response of crude extract of T. ammi on isolated rabbit intestine

Dose (mg/ml) Control (cm) Response (cm) Response (%) t-value p-value

1 0.60 � 0.06 0.10 � 0.03 83.33 7.745a 0.0007

5 0.60 � 0.12 �0.10 � 0.04 116.66 5.797a 0.0020

10 0.70 � 0.10 �0.10 � 0.06 114.28 12.499a 0.0001

15 0.70 � 0.10 �0.10 � 0.03 114.28 7.905a 0.0006

20 0.50 � 0.09 �0.10 � 0.03 120.00 6.824a 0.0012

25 0.60 � 0.09 �0.10 � 0.03 116.66 7.902a 0.0006

The results are expressed at p � 0.05 and p � 0.05
aHighly significant
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Fig. 23.1 Tracing showing effect of T. ammi extract on smooth muscles of isolated rabbit

intestine (Dose concentration of extract ¼ 1, 5, 10, 15, 20 and 25 mg; W ¼ washing of intestinal

segment)

Fig. 23.2 Effect of T. ammi (Drug) extract on smooth muscles in comparison with acetylcholine

(Ach), adrenaline (Ad) and metoclopramide (Meto) as standards (W ¼ washing)
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different concentrations (1 � 10�2, 1 � 10�4 and 1 � 10�6 M); metoclopramide

and neostigmine were used in concentration 5 � 10�2, 5 � 10�4 and 5 � 10�6 M.

The observations showed that when a pretreated tissue with acetylcholine was

treated with the extract it was unable to give its relaxing effect or decreasing the

peak effect. When the same tissue was treated with the acetylcholine it produced no

response as the receptors were occupied already. However, when the same tissue

was again treated with the metoclopramide standard drug, it did not produce its

response, that is, increase in gastrointestinal motility, clearly indicating that some

Fig. 23.3 Effect of T. ammi (Drug) extract on smooth muscles in comparison with

metoclopramide (Meto), acetylcholine (Ach) and Avil as standards (W ¼ washing)

Fig. 23.4 Effect of T. ammi (Drug) extract on smooth muscles in comparison with Avil, neostig-
mine, metoclopramide (Meto) and acetylcholine (Ach) as standards (W ¼ washing)
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dopamine receptors were also occupied. When a pretreated tissue with

metoclopramide was treated with extract, the latter was unable to give its full

effect, which is gastrointestinal relaxant effect that indicates the receptor occupancy

while when the same tissue was treated with Avil, one of the standard drugs, it

produced its full effect, that is, gastrointestinal relaxant effect, indicating that

histamine receptors were not involved.

When a pretreated tissue with Avil was treated with extract, it produced its

relaxing effect gradually while after treatment with metoclopramide as well as

neostigmine, it induced no response confirming the involvement of muscarinic

receptors.

When a pretreated tissue with drug was treated with adrenaline, the latter did not

produce its full smooth muscle relaxant effect indicating the adrenergic receptors

involvement in the relaxing movement of intestine by the extract.

23.4 Conclusions

The present work was aimed to find out the toxicity as well as the identification of

receptors involved in gastrointestinal effects of T. ammi. In this study it is

concluded that T. ammi induces its gastrointestinal relaxant effect by involvement

of muscarinic as well as adrenergic and somewhat dopamine receptors. Histamine

receptors involvement was not observed when compared with standards. T. ammi
seed extract can be utilized as antidiarrhoeal agent and to relieve abdominal cramps

as it gives gastrointestinal relaxant effect. It also has good insecticidal and

wormicidal activity. Its use is safe as it induces toxicity at high concentration.

Fig. 23.5 Effect of extract of T. ammi (Drug) on smooth muscles in comparison with

metoclopramide (Meto), acetylcholine (Ach) and adrenaline (Ad) and Avil as standards

(W ¼ washing)
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Chapter 24

Metal Levels in Traditional Chinese

and Ayurvedic Medicines

Henri Li Kam Wah, Kanisha Ramchurn, and Safeenaz B. Alladin

Abstract The calcium, magnesium, nickel and zinc contents in seven Traditional

Chinese Medicines (TCM) and four Ayurvedic Medicines (AM) purchased locally

were determined using flame atomic absorption spectroscopy following five differ-

ent digestion methods: four open wet hot plate with various mixtures of acids and/or

H2O2, and microwave oven (MWO) with conc HNO3 and H2O2. Sodium and

potassium levels were analysed using flame photometry after MWO digestion.

Potassium had the highest mean level among the six metals analysed. MWO was

found to be more effective for Mg, methodM1 [conc HNO3 + H2O2 (30 %)] for Ca

and Zn, and method M4 (aqua regia) for nickel. From replicate measurements, the

inter-day precision of the flame photometric measurements for sodium and potas-

sium was found to be 3.0–9.0 % and 1.3–9.0 % respectively. Comparison of results

obtained from standard calibration curves and standard addition indicated that the

percentage difference of sodium content in the TCM Niuhuangchiehdu Pien and the
potassium content in AM, Diabecon was 3.9 % and 0.22 % respectively, indicating

that the matrix did not have much influence on the metal content.

24.1 Introduction

The World Health Organisation (WHO) defines traditional medicine as: “the sum

total of the knowledge, skills, and practices based on the theories, beliefs, and

experiences indigenous to different cultures, whether explicable or not, used in the

maintenance of health as well as in the prevention, diagnosis, improvement or

treatment of physical and mental illness” [1].

There exist several traditional systems of medicine around the world, each with

different associated philosophies and cultural origins, of which the two most

H. Li Kam Wah (*) • K. Ramchurn • S.B. Alladin

Department of Chemistry, Faculty of Science, University of Mauritius, Réduit, Mauritius
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prevalent are the Traditional Chinese Medicines (TCM) and Ayurvedic Medicines

(AM). During the last two decades, there has been increased global interest in

traditional medicines, especially those based on herbal products and extracts. These

medicines contain a wide range of inorganic elements, both toxic and essential.

Toxic metals of concern are mainly As, Cd, Hg and Pb. Several studies have

reported potentially harmful levels of these heavy metals in both TCM and AM

[2–24], thus emphasizing the need for more stringent quality standards and

regulations for these products [8, 9, 21, 25, 26]. However, some authors highlighted

that detailed chemical speciation be conducted to assess the effective toxicity of the

medicines as the toxicity of elements varies with their chemical forms [3, 7, 10, 27].

On the other hand, TCM and AM are also known to have many essential and

nutritional elements such as Ca, Cu, K, Mg, Mn, Na, Ni and Zn, whose excess or

deficiency may disturb the normal biochemical functions of the human body.

Several studies have reported elemental contents in traditional medicines or medic-

inal plant extracts [3, 11, 12, 17, 28–35].

Considering the importance of trace elements in various human metabolic

processes and also their curative properties, the analysis of six essential and trace

elements, namely calcium, magnesium, nickel, potassium, sodium and zinc, in

7 TCM and 4 AM commercially available in the Mauritian market was carried out.

Calcium is an essential plant nutrient and is omnipresent in all living things

(animals and plants), water, soils and sediments. It is essential for healthy bones,

teeth and blood. Deficiency of calcium causes rickets, osteomalacia and scurvy

[36].Magnesium is the fourthmost abundantmineral in the human body and is needed

for more than 300 biochemical reactions. It helps in maintaining a healthy immune

system, strong bones and regulating the levels of several vitamins and minerals.

Magnesium deficiency can cause amongst others cramps, muscle tension, poor mem-

ory, irritability, depression, and can result in low levels of calcium and potassium in

the blood [37]. Nickel, despite being toxic, is found in minute amounts in the human

body and is believed to play a role in the stabilisation of the RNA molecule, in the

normal bone functioning, in the breakdown of glucose and human breast milk

production. Deficiency of nickel is normally rare but can lead to liver, skin and kidney

diseases. However, at high levels of accumulation, nickel is capable of causing serious

health problems such as paralysis of the spinal column, tumours, thyroid and heart

diseases [38]. Zinc is an essential element for the body and is involved in numerous

aspects of cellular metabolism. Zinc plays important roles in normal growth and

development during pregnancy, childhood and adolescence, and nearly 100 specific

enzymes depend on zinc for their catalytic activity. Severe zinc deficiency can result in

the slowing of growth and development, delayed sexual maturation, chronic and

severe diarrhea, immune system deficiencies, impaired wound healing, reduced appe-

tite, impaired taste sensation and night blindness [39]. Both potassium and sodium are

essential bodyminerals. The body depends on the electrolytic properties of potassium

for conduction of nerve impulses, muscle contractions and regulation of balance of

acids and bases in the blood. Potassium is also involved in various biochemical

processes in the human body. Some common problems associatedwith low potassium

levels include hypertension, congestive heart failure, cardiac arrhythmia, fatigue and
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osteoporosis [40]. On the other hand, the body uses sodium to regulate blood pressure

and blood volume. Sodium is also essential for the transmission of nerve impulses,

heart activity, and certain metabolic functions. Low sodium levels (hyponatremia) are

uncommon but can occur whenever there is an increase in the amount of body water

relative to sodium. On the contrary, hypernatremia (high sodium levels) is common,

caused principally with high sodium content in food. Other causes include kidney

diseases, low water intake, severe diarrhea and vomiting [41].

24.2 Methodology

24.2.1 Materials and Reagents

7 TCM (Jin Qian Chao, Leung Pui Kee, Po Chai Pills, Quiang Li Tien-Ma,
Saplingtan, Watermelon Frost and Niuhuangchiehdu Pien) imported from China

and 4 AM (Diabecon, Pilex, Septilin and Softovac) imported from India were

purchased locally.

The standard stock 1,000 ppm solutions of potassium and sodium were bought

from Sherwood Scientific Ltd, calcium and zinc from Fisher Scientific, magnesium

and nickel from Fisons Scientific. Concentrated HNO3, HCl and H2SO4 were

obtained from SD Fine Chemicals Ltd while H2O2 (30 %) from Fisons Scientific.

All glassware used (burettes, pipettes, volumetric flasks, beakers) were of grade A.

Prior to use, all glassware were acid-washed.

24.2.2 Sample Preparation

The traditional medicines which were mostly in the form of pills were ground using

a mortar and pestle in order to obtain fine and homogeneous solids.

24.2.3 Microwave Oven Digestion

The samples were digested using the microwave digester Milestone High Perfor-

mance Microwave Unit mls 1,200 M. Prior to use, the Teflon flasks were acid

washed. Approximately 1 g of each powdered sample was weighed in duplicate in

dry labelled Teflon flasks to which were added 7 ml of concentrated nitric acid (72%)

followed by 5 ml of H2O2 (30 %). The samples were digested using the program

shown in Table 24.1.

After cooling for about 30 min, the resulting digested samples were filtered

through fluted filter paper into 25 mL volumetric flasks and the filtrates were made

up to the mark with distilled deionised water. The resulting clear solutions were

then transferred to clean acid-washed labelled plastic bottles.
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24.2.4 Wet Open Digestions

Wet open digestion of the samples was performed using four different methods as

given in Table 24.2.

Approximately 1 g of the ground medicine was weighed in duplicate into

separate 50 mL conical flasks. The appropriate reagents as detailed in Table 24.2

were pipetted into each of the flasks. The solutions were heated to boiling on a hot

plate in a fume hood for 4 h before filtration into 25 mL volumetric flasks and

making up to the mark with distilled deionised water. The contents were finally

transferred to clean well-labelled plastic bottles.

Reagent blanks were prepared for both microwave and wet open digestions

under similar conditions as those used for the medicinal samples.

24.2.5 Determination of Metal Contents

The standard calibration solutions were prepared daily from the stock solutions by

proper dilution with distilled deionised water. The levels of potassium and sodium

in the medicines were determined using a CIBA Corning Model 410 flame pho-

tometer whereas calcium, magnesium, nickel and zinc contents were analysed by a

GBC Avanta flame atomic absorption spectrometer using air/acetylene. Table 24.3

lists the concentrations of the prepared standard solutions and wavelength used for

the metals.

Table 24.1 Microwave

digestion program used
Step 1 2 3 4 5

Power/W 250 0 250 400 650

Time/min 1 1 5 5 5

Table 24.2 Reagents used

for wet open digestions
Method Reagents

M1 HNO3 (72 %): 16 ml & H2O2 (30 %): 4 ml

M2 HNO3 (72 %): 20 ml

M3 HNO3 (72 %): 16 ml & H2SO4 (98 %): 4 ml

M4 HCl (35 %): 15 ml & HNO3 (72 %): 5 ml

Table 24.3 Concentration of standards and wavelengths used

Metal Wavelength/nm Concentration of prepared standards/ppm

Calcium 422.7 1, 2, 3, 4 and 5

Magnesium 202.6 5, 10, 15, 20 and 25

Nickel 232.0 2, 4, 6, 8 and 10

Zinc 213.9 0.2, 0.4, 0.8, 1.0 and 1.2

Potassium 766.0 10, 15, 20, 25 and 30

Sodium 589.0 10, 15, 20, 25 and 30
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24.2.6 Standard Addition

Determination of Potassium Content in Diabecon

5 ml of the microwave oven digested medicinal sample Diabecon was diluted

20 times. 5 ml of this diluted sample was then transferred to each of five 25 mL

volumetric flasks. To the five volumetric flasks, 0, 0.5, 1, 1.5 and 2 ml of 100 ppm

potassium standard solution was respectively added. The resultant solutions were

then made up to the mark with distilled deionised water and analysed by flame

photometry. The concentration of the added standard for each flask was determined

and a plot of emission against concentration of added standard was drawn. The

concentration of potassium in the diluted sample corresponds to the x-intercept

obtained by extrapolation. The concentration of potassium in the undiluted sample

is then calculated by taking into consideration the dilution performed.

Determination of Sodium Content in Niuhuangchiehdu Pien

The experimental procedure is similar to that applied in section “Determination of

Potassium Content in Diabecon” except that 5 ml of the undiluted microwave

digested Niuhuangchiehdu Pien sample was pipetted in the five volumetric flasks.

24.3 Results and Discussion

24.3.1 Metal Levels in TCM and AM

Calcium

Table 24.4 gives the calcium levels obtained in the 7 TCM and 4 AM following the

five methods of digestion.

All the 11 medicinal samples analysed exhibited detectable calcium levels. The

highest calcium level is observed in Niuhuangchiehdu Pien irrespective of the

applied method of digestion. The elevated concentration of calcium found in

Niuhuangchiehdu Pien can be accounted by the presence of the gypsum selenite

(26.64 %) in its formulation. Excluding the TCM Niuhuangchiehdu Pien, the
calcium content in the four AM is higher than in the remaining six TCM. Diabecon,
Pilex and Softovac have the highest amount of calcium amongst the AM. However,

the calcium contents were considerably lower than those analysed by Giacomino

et al. [12] in five products of the Parpati family where Ca was present in all the

medicines with a range of 738–8,439 μg/g. Two main ingredients namely Shilajit
and Pterocarpus marsupium present in Diabecon contain high calcium levels.

Shilajit is an exudate that is pressed out from rock layers in sacred mountains in
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Nepal and other high mountains and is rich in minerals and metals such as calcium,

zinc, sodium and magnesium [42]. On the other hand, Pterocarpus marsupium also

known as the Indian Kino tree contains 10–20 % of calcium sennoside which is a

big molecule with molecular formula C42H36CaO20.

Comparison between the various digestion methods showed that M1 digestion

resulted in the highest calcium levels for 10 out of the 11 medicinal samples analysed

in this study, except for the TCMNiuhuangchiehdu Pien in which the highest calcium
content was detected following digestion method M2. MWO digestion gave the

next highest calcium levels for the medicines analysed. Least calcium level was

observed in seven medicines (Diabecon, Pilex, Softovac, Jin Qian Chao, Leung Pui
Kee, Po Chai Pills and Saplingtan) following digestion method M3, in three

medicines (Septilin, Quiang Li Tien-Mo and Niuhuangchiehdu Pien) from digestion

methodM4 and in one medicine (Watermelon Frost) from digestion methodM2.

The statistical two-tail student’s t-test method was applied to compare the

different digestion methods to investigate whether there are any significant

differences between the results obtained from all the ten possible pairs (Table 24.5).

By analysing the calculated t-values (tcalc) with the tcrit value (2.23), it is observed
that for six pairs of digestion methods, namely M1/M2, M1/M3, M1/M4,

M1/MWO, M3/MWO and M4/MWO, the results are significantly different

from each other at 95 % confidence level. The results obtained following the

digestion method M1 are thus significantly different from those obtained from the

other four digestion methods. Similarly, calcium levels obtained following MWO

digestion are significantly different from all the other digestion methods exceptM2.

On the other hand, it can be concluded that the values obtained from digestion

methodsM2,M3 andM4 are comparable and hence are not significantly different.

Magnesium

The magnesium levels obtained in the 7 TCM and 4 AM following the five methods

of digestion are shown in Table 24.6.

Table 24.4 Calcium levels (μg/g) in the 7 TCM and 4 AM following the five methods of digestion

Medicine M1 M2 M3 M4 MWO

Diabecon 129 � 2 117 � 2 93 � 2 108 � 6 116 � 9

Pilex 132 � 2 109 � 0 44 � 2 59 � 6 120 � 2

Septilin 70 � 4 40 � 4 53 � 2 26 � 6 53 � 2

Softovac 131 � 0 65 � 11 47 � 2 70 � 4 113 � 0

Jin Qian Chao 59 � 2 41 � 6 33 � 4 40 � 4 41 � 6

Leung Pui Kee 76 � 4 36 � 4 21 � 4 27 � 4 53 � 6

Po Chai Pills 67 � 4 21 � 4 17 � 2 20 � 2 56 � 2

Quiang Li Tien-Ma 36 � 4 32 � 2 26 � 2 24 � 9 33 � 4

Saplingtan 78 � 2 67 � 9 43 � 4 46 � 0 65 � 2

Watermelon Frost 59 � 2 32 � 2 52 � 0 50 � 2 52 � 0

Niuhuangchiehdu Pien 865 � 2 912 � 4 856 � 19 706 � 9 876 � 4
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All the traditional medicines analysed were found to contain magnesium. The

highest magnesium level was found in the AM Pilex which is due to the presence of
the ingredients Guggul and Shilajit. Guggul is composed of a mixture of organic

compounds, inorganic ions and minerals which consist mostly of calcium, magne-

sium and iron [43]. On the other hand, Shilajit is a rich source of naturally occurring
minerals like magnesium [42]. The lowest magnesium level in the AMwas found in

Softovac. For the TCM, Jin Qian Chao was found to have the highest magnesium

content. Magnesium is well-known for its calcium channel blocking effect and can

reduce the formation of calcium oxalate which is the main cause for stones in body.

Herba Lysmachiae, the only ingredient of Jin Qian Chao, is very effective in

dissolving kidney, liver and gall stones [44] and this can explain the high level of

magnesium obtained in this TCM. The range of magnesium levels obtained in this

study for AM corresponds to only a certain extent to the range observed by

Giacomino et al. [12] (201–4,236 μg/g). For the TCM, the range observed was

within that obtained by Wang et al. [11] (ND-2,031 μg/g). The lowest magnesium

levels were found in the TCM Saplingtan and Watermelon Frost.
Highest levels of magnesium were observed afterMWO orM1 digestion for all

the 11 medicines. Digestion methodM2 gave the least amount for all the medicines

Table 24.5 Comparison of

calcium content between

different pairs of digestion

methods using t-test

Digestion pair Mean difference Standard deviation tcalc

M1/M2 20.91 28.69 2.42

M1/M3 37.91 28.69 4.38

M1/M4 47.82 42.16 3.67

M1/MWO 11.27 9.22 4.05

M2/M3 17.00 25.63 2.20

M2/M4 26.91 61.79 1.44

M2/MWO 9.64 21.88 1.46

M3/M4 9.91 48.21 0.68

M3/MWO 26.64 25.30 3.49

M4/MWO 36.55 47.95 2.53

Table 24.6 Magnesium levels (μg/g) in the 7 TCM and 4 AM following the five methods of

digestion

Medicine M1 M2 M3 M4 MWO

Diabecon 97 � 4 80 � 1 81 � 2 83 � 7 99 � 2

Pilex 258 � 2 230 � 2 237 � 2 242 � 4 265 � 2

Septilin 76 � 1 57 � 5 64 � 2 67 � 2 78 � 2

Softovac 52 � 1 42 � 1 48 � 1 48 � 1 55 � 4

Jin Qian Chao 128 � 1 119 � 2 125 � 1 123 � 5 137 � 9

Leung Pui Kee 64 � 2 48 � 1 59 � 4 57 � 2 62 � 1

Po Chai Pills 61 � 2 48 � 4 54 � 2 57 � 2 62 � 4

Quiang Li Tien-Ma 71 � 2 50 � 2 61 � 2 64 � 2 76 � 2

Saplingtan 42 � 1 23 � 2 26 � 2 31 � 1 42 � 1

Watermelon Frost 36 � 2 23 � 2 28 � 4 26 � 2 38 � 4

Niuhuangchiehdu Pien 71 � 2 57 � 2 62 � 1 69 � 4 74 � 2
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analysed. The following order of extractability of magnesium was observed: M2

< M3 ~ M4 < M1 ~ MWO. From Table 24.7, it was observed that the tcalc was
greater than the tcrit (2.23) for all pairs of digestion methods except M3/M4.

Nickel

Table 24.8 gives the nickel levels obtained in the 7 TCM and 4 AM following the

five methods of digestion.

Nickel was detected in all the 11 medicines. Highest level was observed in the

TCM Leung Pui Kee. The latter is based mainly on constituents of plant origin and

the only mineral present is talc (1 %). A potential source of nickel apart from talc is

soils and sediments. Plants grown in soils rich in nickel absorb the metal which is

then incorporated into the medicine. The plant Aster tataricus used in the prepara-

tion of Leung Pui Kee is native from the northern part of China and is grown in

meadows and wetlands which are rich in minerals and metals due to the anthropo-

genic activities in the vicinity. The presence of nickel in the other medicines can

also be explained from soil contribution.

Table 24.7 Comparison of

magnesium content between

different pairs of digestion

methods using t-test

Digestion pair Mean difference Standard deviation tcalc

M1/M2 16.27 5.42 9.95

M1/M3 10.09 5.66 5.91

M1/M4 8.09 4.39 6.11

M1/MWO 2.91 3.11 3.10

M2/M3 6.18 2.96 6.93

M2/M4 8.18 3.79 7.16

M2/MWO 19.18 6.45 9.87

M3/M4 2.00 3.13 2.12

M3/MWO 13.00 6.60 6.53

M4/MWO 11.00 5.51 6.62

Table 24.8 Nickel levels (μg/g) in the 7 TCM and 4 AM following the five methods of digestion

Medicine M1 M2 M3 M4 MWO

Diabecon 7.3 � 0.3 7.0 � 0.6 6.7 � 0.3 7.7 � 0.6 8.6 � 0.3

Pilex 5.4 � 0.3 5.4 � 0.3 5.7 � 0.6 6.1 � 0.9 7.0 � 0.6

Septilin 5.4 � 0.3 6.1 � 0.3 5.7 � 0.1 6.7 � 0.3 6.4 � 0.6

Softovac 4.5 � 0.6 4.8 � 0.3 5.4 � 0.9 6.1 � 0.3 6.1 � 0.3

Jin Qian Chao 6.7 � 0.9 7.0 � 0.6 7.6 � 1.3 8.9 � 0.6 8.6 � 0.3

Leung Pui Kee 7.3 � 0.3 8.6 � 0.3 7.7 � 0.6 13.1 � 0.9 8.9 � 1.3

Po Chai Pills 7.7 � 0.6 8.3 � 0.6 8.9 � 0.6 8.9 � 0.1 11.2 � 0.3

Quiang Li Tien-Ma 7.7 � 0.1 6.1 � 0.3 6.1 � 0.3 9.2 � 0.3 9.2 � 0.9

Saplingtan 3.2 � 0.6 5.1 � 0.6 5.7 � 0.1 8.6 � 0.3 7.0 � 0.1

Watermelon Frost 3.5 � 0.3 4.5 � 0.1 4.8 � 0.3 8.6 � 0.3 8.3 � 0.6

Niuhuangchiehdu Pien 4.5 � 0.6 6.4 � 0.6 7.7 � 0.1 8.3 � 0.6 8.0 � 0.3
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The nickel levels in the 11 medicines were all found in a small range

(3.2–13.1 μg/g) and are comparable to those observed by Wieckowski and Mezyk

[45] in TCM (1.6–11.3 μg/g), and by Akhtar et al. [46] (0.94–4.35 μg/g) in AM.

Comparison between the five different methods of digestion for nickel revealed

that methodsM4 andMWO were the best acid mixtures for the medicinal samples

analysed in this study. Highest deviations between the digestion methods MWO

andM4were observed for Leung Pui Kee (�46.4 %), Saplingtan (�22.8 %) and Po
Chai Pills (+20.0 %). The two-tail student’s t-test was applied to compare the

results obtained from all the different pairs of digestion methods and the results are

shown in Table 24.9.

It can be observed that for six out of ten combinations analysed, the tcalc is

greater than the tcrit (2.23). Results following digestion methodsM4 andMWO are

thus significantly different at the 95 % confidence level from those obtained after

digestion methods M1, M2 and M3. On the other hand, no significant difference

was observed between the three methods of digestionM1,M2 andM3 and between

M4 and MWO indicating that the values obtained were comparable.

Zinc

The zinc levels obtained in the 7 TCM and 4 AM following the five methods of

digestion are given in Table 24.10.

Zinc was detected in all the 11 traditional medicines analysed. The highest zinc

level observed was in Po Chai Pills for the TCM and in Diabecon for the AM. The

zinc level in the TCM Po Chai Pills can be explained by the presence of the

ingredient Cortex Magnolia Officinalis which is rich in a number of trace elements

including zinc [47]. On the other hand, the zinc content in Diabecon is mainly due

to two of its constituents, namely Yashad Bhasma and Shilajit. Yashad Bhasma also
known as zinc calx, is processed zinc which is obtained from the calcination of

Rasaka satva which is a metallic extract of zinc carbonate/zinc oxide [48]. On the

other hand, Shilajit is a rich source of essential and trace minerals including zinc

[42]. The range for zinc in the TCM was found to be within that obtained by Shao

Table 24.9 Comparison of

nickel content between

different pairs of digestion

methods using t-test

Digestion pair Mean difference Standard deviation tcalc

M1/M2 0.59 0.31 1.89

M1/M3 0.85 0.41 2.09

M1/M4 2.67 0.62 4.27

M1/MWO 2.34 0.44 5.36

M2/M3 0.26 0.19 1.40

M2/M4 2.08 0.45 4.60

M2/MWO 1.74 0.37 4.65

M3/M4 1.82 0.52 3.46

M3/MWO 1.48 0.33 4.47

M4/MWO 0.33 0.56 0.60
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et al. [49] (3.2–86.2 μg/g). Similarly, the range of zinc found in the AM is within the

range (4–109 μg/g) observed by Al-Omari [17].

The wet digestion M1 using HNO3 and H2O2 was found to result in the highest

zinc levels followed by M3. Digestion method M4 gave the least zinc level for

seven out of the eleven medicines analysed. Using t-test, it was found that the tcalc
was greater than the tcrit (2.23) at 95 % confidence for the following digestion pairs:

M1/M2, M1/M3, M1/M4, M1/MWO, M3/M4 and M3/MWO (Table 24.11),

inferring that there is a significant difference between the results obtained after

M1 digestion method and the other digestion methods (M2, M3, M4 and MWO).

Potassium and Sodium

Table 24.12 gives the potassium and sodium levels obtained in the 7 TCM and

4 AM by flame photometry following MWO digestion.

The ranges observed for potassiumwere 6,200–21,143 μg/g and 31.7–26,416 μg/g
for the AM and TCM respectively. The highest potassium content was found

in the TCM Jin Qian Chao (26,416 μg/g) followed by the AM Diabecon
(21,143 μg/g). As Jin Qian Chao is composed solely of Herba Lysimachiae,
the high potassium content of the TCM may be due to the presence of inorganic

potassium chloride absorbed from the soil in the herb [44]. On the other hand,

the high amount of potassium in Diabecon results from the ingredients Shilajit
and Abhrak Bhasma. Shilajit is obtained from the Himalayan Mountains and is

composed of a large number of essential metals in the ionic form including

potassium [42]. Bhasmas are prepared by calcination of metals and Abhrak
Bhasma contains trace amounts of potassium [48]. The highest level in the

TCM observed by Wang et al. [11] was 11,054 μg/g which is lower than that

observed in the present study (26,416 μg/g). The lowest potassium contents were

observed in two TCM, namely Saplingtan (31.7 μg/g) and Watermelon Frost
(70.5 μg/g). On the other hand, the range of potassium levels observed in the

AM was within that obtained by Giacomino et al. [12] (44.5–21,440 μg/g).

Table 24.10 Zinc levels (μg/g) in the 7 TCM and 4 AM following the five methods of digestion

Medicine M1 M2 M3 M4 MWO

Diabecon 26.8 � 0.2 24.0 � 0.3 22.3 � 0.2 25.5 � 0.1 22.0 � 0.1

Pilex 11.8 � 0.1 8.7 � 0.6 11.1 � 0.4 9.7 � 0.2 9.9 � 0.1

Septilin 13.3 � 0.1 10.7 � 0.4 12.9 � 0.1 9.2 � 0.1 10.1 � 0.2

Softovac 11.8 � 0.1 8.2 � 0.2 11.6 � 0.1 6.3 � 0.2 9.7 � 0.2

Jin Qian Chao 9.6 � 0.1 7.9 � 0.1 9.4 � 0.1 5.1 � 0.2 6.5 � 0.2

Leung Pui Kee 16.9 � 0.1 14.2 � 0.2 16.2 � 0.1 13.8 � 0.1 15.0 � 0.3

Po Chai Pills 26.7 � 0.1 25.0 � 0.3 26.4 � 0.2 18.8 � 0.2 22.7 � 0.1

Quiang Li Tien- Ma 13.5 � 0.1 12.0 � 0.2 13.1 � 0.1 10.6 � 0.1 11.9 � 0.1

Saplingtan 3.7 � 0.1 3.2 � 0.1 3.5 � 0.1 3.2 � 0.1 2.8 � 0.2

Watermelon Frost 4.5 � 0.1 3.9 � 0.2 4.0 � 0.1 3.6 � 0.1 4.0 � 0.1

Niuhuang chiehdu Pien 8.1 � 0.3 6.0 � 0.2 4.0 � 0.3 4.4 � 0.2 5.1 � 0.2
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The sodium levels observed ranged from 1,099 μg/g in Po Chai Pills and

Niuhuangchiehdu Pien to 6,191 μg/g in Watermelon Frost. In Saplingtan, the
sodium level was below the detection limit of the apparatus. The highest sodium

level was observed in Watermelon Frost (6,191 μg/g) which is used for the

treatment of throat diseases, general wounds with bleeding, toothache, burns and

scald, and can be accounted by the presence of the ingredient Mirabilite (also

known as Glauber’s salt, Na2SO4·10H2O) in its formulation. Due to its anti-

bacterial property, sodium is also present in high amount in Septilin (3,500 μg/g)
which is mainly used as an anti-infective therapy for the treatment of sinusitis. The

high sodium level observed (5,173 μg/g) in Diabecon can be accounted by the

presence of Shilajit, a major ingredient rich in various metallic salts including

sodium [42].

To investigate the matrix effect in the medicines, the potassium level in the AM,

Diabecon and the sodium level in the TCM Niuhuangchiehdu Pien, were deter-

mined by the method of standard addition and the results obtained compared with

those obtained from standard calibration curves. The plots obtained for potassium

level in Diabecon and sodium level in Niuhuangchiehdu Pien are depicted in

Figs. 24.1 and 24.2 respectively.

The potassium and sodium levels obtained from both standard calibration curve

and standard addition are shown in Table 24.13.

Table 24.11 Comparison

of zinc content between

different pairs of digestion

methods using t-test

Digestion pair Mean difference Standard deviation tcalc

M1/M2 2.08 0.99 6.96

M1/M3 1.11 1.59 2.31

M1/M4 3.32 2.18 5.05

M1/MWO 2.45 1.30 6.27

M2/M3 0.97 1.68 1.92

M2/M4 1.24 2.08 1.97

M2/MWO 0.37 1.24 0.99

M3/M4 2.21 2.98 2.46

M3/MWO 1.34 1.40 3.18

M4/MWO 0.86 1.94 1.48

Table 24.12 Potassium

and sodium levels (μg/g)
in the 7 TCM and 4 AM

after MWO digestion

Medicine Potassium Sodium

Diabecon 21,143 � 7 5,173 � 73

Pilex 6,408 � 71 1,972 � 73

Septilin 6,200 � 3 3,500 � 1

Softovac 6,690 � 352 1,460 � 2

Jin Qian Chao 26,416 � 338 3,350 � 4

Leung Pui Kee 9,795 � 68 1,535 � 73

Po Chai Pills 7,677 � 71 1,099 � 73

Quiang Li Tien-Ma 5,844 � 71 1,608 � 146

Saplingtan 31.7 �3.5 ND

Watermelon Frost 70.5 � 0.1 6,191 � 73

Niuhuangchiehdu Pien 4,575 � 71 1,099 � 73
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It is observed that the sodium and potassium concentration obtained from

standard addition are close to those obtained from standard calibration curves

with a CV of 0.22–3.9 %. It can thus be deduced that the matrix did not have

much influence on the sodium or potassium content.

24.3.2 Precision of Flame Photometric Method

In this study, intra-day precision, also known as repeatability, was determined for

the potassium content in the TCM Po Chai Pills and inter-day precision for the

potassium and sodium content for all the medicines. The precision of an analytical

procedure is usually expressed as the % relative standard deviation (%RSD) of a

y = 3.65x + 30.8
R² = 0.9994
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Fig. 24.1 Plot of corrected emission against concentration of added potassium for Diabecon
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Fig. 24.2 Plot of corrected emission against concentration of added sodium for TCM

Niuhuangchiehdu Pien
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series of measurements. Precision is concentration dependent and the acceptable

precision (%RSD) for concentration (� 100 ppm) is 15 % [50].

Intra-Day Precision

Intra-day precision expresses the precision under the same operating conditions

over a short interval of time within the same day and was determined for the

potassium content by flame photometry in the TCM Po Chai Pills by measuring

the same sample ten times at 15 min’ time interval. The results are shown in

Table 24.14.

The repeatability of the analytical method for the TCM Po Chai Pills was

excellent as the %RSD was found to be 0.91 %.

Inter-Day Precision

The inter-day precision of the photometric analyses and the method validity were

assessed by analysing the microwave-digested samples of the 11 medicines on five

different days: day 1, day 2, day 3, day 8 and day 15 for potassium and sodium. The

results are shown in Table 24.15 and Fig. 24.3 respectively.

It was observed that the %RSD for all the medicines (1.3–9.0 %) for both the

potassium and sodium analysis were well below the acceptable precision and thus it

can be inferred that the inter-day precision for the analytical method was good.

Table 24.13 Concentrations obtained by standard calibration curve and standard addition

Medicine

Potassium level (μg/g) Sodium level (μg/g)
Calib curve Std add CV (%) Calib curve Std add CV (%)

Diabecon 21,143 21,096 0.22 – – –

Niuhuangchiehdu Pien – – – 1,099 1,142 3.9

Table 24.14 Intra-day

precision data
Time/min Potassium level (μg/g)
0 7,610

15 7,469

30 7,610

45 7,469

60 7,469

75 7,469

90 7,469

105 7,469

120 7,469

135 7,610

Mean � SD 7,511 � 68

%RSD 0.91
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24.4 Conclusions

In this study, 7 TCM and 4 AM purchased in Mauritius were analysed for their

calcium, magnesium, nickel and zinc levels by flame atomic absorption spectros-

copy after digestion by four wet open methods and MWO. The results obtained

after the different methods of digestion were compared using the student’s t-test.

Table 24.15 Inter-day precision analysis of potassium

Medicine

Potassium level (μg/g)
Mean � SD (μg/g) %RSDDay 1 Day 2 Day 3 Day 8 Day 15

Diabecon 21,143 21,485 20,931 21,010 21,675 21,249 � 285 1.3

Pilex 6,408 6,607 6,518 6,728 6,497 6,552 � 109 1.7

Septilin 6,197 6,675 6,234 6,293 6,136 6,307 � 191 3.0

Softovac 6,690 6,948 6,589 6,800 6,786 6,763 � 120 1.8

Jin Qian Chao 26,416 27,628 25,191 26,448 28,541 26,845 � 1,146 4.3

Leung Pui Kee 9,795 10,156 9,784 9,990 9,967 9,938 � 138 1.4

Po Chai Pills 7,677 7,972 7,441 7,743 7,654 7,697 � 171 2.2

Quiang Li Tien Ma 5,844 5,924 5,595 5,858 6,208 5,886 � 196 3.3

Saplingtan 32 27.3 28.4 25.4 25.3 27.7 � 2.5 9.0

Watermelon Frost 71 61 61 61 54.2 61.6 � 5.4 8.8

Niuhuangchieh du Pien 4,575 4,423 4,175 4,274 4,835 4,456 � 233 5.2
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Fig. 24.3 Variation of the sodium content of the TCM and AM on an inter-day basis

334 H. Li Kam Wah et al.



In addition, the potassium and sodium levels in the 11 medicines were determined

by flame photometry, whose validity was checked by analyzing its precision.

In both the TCM and AM, potassium was present in the highest amount. The

highest calcium, magnesium, nickel, potassium, sodium and zinc level were

observed respectively in Niuhuangchiehdu Pien (912 μg/g), Pilex (265 μg/g),
Leung Pui Kee (13.1 μg/g), Jin Qian Chao (26,416 μg/g), Watermelon Frost
(6,191 μg/g) and Diabecon (26.8 μg/g). MWO digestion was found to be more

effective for Mg, method M1 [conc HNO3 + H2O2 (30 %)] for Ca and Zn, and

method M4 (aqua regia) for nickel.

From replicate measurements, the precision of the flame photometric method

used for the analysis of potassium was found to be good as the %RSD for both intra-

day (0.91 %) and inter-day (1.3–9.0 %) precision was less than the acceptable %

RSD (15 %). For sodium, the inter-day precision was found to be in the range

3.0–9.0 %.

To investigate matrix interference, standard addition was carried out on the

AM Diabecon for potassium and the TCM Niuhuangchiehdu Pien for sodium.

A coefficient of variation of 0.22 % and 3.9 % was observed for the potassium

and sodium level respectively indicating little interference from the sample matrix.

Further study is under way for the analysis of other metals, in particular toxic

ones in these TCM and AM.
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Chapter 25

A Comparative Study on Preserving

Milk Using Grass Species Hyperenium
Rufa for Fumigating Milk Containers

and Pasteurisation

Milton A. Wesuta and William K. Isharaza

Abstract Milk and dairy products form a major dietary component for many cattle

rearing communities worldwide. The Banyankore, an ethnic group in Western

Uganda, has over centuries used and established different methods of preserving

milk and other dairy products like ghee and yoghurt. Fumigants derived from

specific plant species such as Hyperenium rufa, Rhus natalensis and Molle
combretum have been used when preparing vessels for storage of fresh milk and

milk products. H. rufa is the most commonly used fumigant for temporary preser-

vation of fresh/raw milk. To date, there is no scientific literature evaluating the

effectiveness of these traditional practices. We validated the use of fumigant from

H. rufa to preserve the quality of fresh milk using the alcohol test, 10 min resazurin

test, clot-on-boiling test and pH measurements. The total number of bacteria per

milliliter of milk was determined by total plate count (TPC). Exposing raw milk to

fumigant fromH. rufa in wooden milk pots curtailed microbial growth for over 24 h

at room temperature before sourage occurred. Results of parallel tests on raw milk

preserved by fumigation compared well with those of pasteurised milk in sterilised

glass vessels. We conclude that fumigation of milk pots using H. rufa can preserve

milk for many hours before boiling for consumption. This method would be useful

in rural communities; however, it is no substitute to pasteurisation.

25.1 Introduction

Many cattle rearing communities worldwide use milk and dairy products to meet the

major component of their nutritional requirements and as major sources of income.

Raw milk from a healthy cow’s udder may contain some spoilage or pathogenic

microorganisms at the time of milking. The chemical composition of the milk
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provides an excellent medium for the proliferation of these microorganisms

together with those that may accidentally or intentionally be introduced into the

milk during subsequent processes. This increased microbial load leads to deteriora-

tion of the milk within hours after milking.

Not all the milk produced daily is consumed immediately. Preservation methods

provide opportunities for stopping or delaying deterioration of milk. There are

techniques used at either domestic or industrial production scale to preserve milk

before consumption. They include modern methods such as chemical preservation,

refrigeration, freezing and various forms of heat treatment. The use of activated

lactoperoxidase system (LPS) treatment can enable farmers sell milk in far-off

markets [1]. The dairy sector in the South West Uganda includes rudimentary

pasteurisation units [2]. The Banyankore, an ethnic group in Western Uganda, has

over centuries used different traditional methods for preserving raw milk and dairy

products [3]. Fumigants from various plant species have been used to prepare vessels

for milk storage. There is currently no documented scientific information regarding

these traditional milk preservation practices among the Banyankore.

The objective of this study was, therefore, to compare the effectiveness of using

H. rufa to fumigate wooden pots for milk preservation as done by the Banyankore

and the conventional method of pasteurisation. We hypothesised that the mean

values of storage by fumigation were greater than those of other storage conditions.

25.2 Methodology

25.2.1 Fumigation of “Ebyanzi” and Glass Vessels

Two wooden milk pots locally called “Ebyanzi”were washed with clean water, dried

overnight and the interior of the vessels were carefully scrubbed to remove remains of

milk particles from previous use. Four glass bottles were washed with clean water and
dried overnight. Smoke produced from the burning grass was left to saturate one of

the milk pots (kyanzi) for 5 min. One of the cleaned glass bottles was similarly

treated. Another glass bottle was sterilised by autoclaving at 121 �C for 15 min. The

remaining three containers were not treated before introducing the milk samples.

25.2.2 Treatment of Milk Samples

Four milk samples, 3 L each, were collected on different days from selected

lactating cows and four from milk cooling centers. 500 ml portions of each milk

sample were poured into six containers as represented in Table 25.1.

Pasteurisation in glass bottle (f) was done by heating the milk in the sterile bottle

in a water bath at 72 �C, for 30 min.
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25.2.3 Milk Quality Tests

pH

The acidity of the milk samples given as pH was determined using a pH meter

(Cyberscan pH 500, Eutech Instruments, Singapore).

Clot-on-Boiling

Milk samples of 2 ml each were heated over a bunsen burner flame for 5 s. Clotting

on boiling confirmed sourage of the milk and was recorded as positive or negative

for no clotting.

Alcohol

Milk is considered good when there is no precipitation with addition of alcohol.

2 ml of 68 % ethanol was added to 2 ml of milk sample to test formation or no

formation of precipitate.

10-min Resazurin Test

To detect the activity of the bacteriological organisms in milk, 10-ml samples of

treated milk were pipetted into sterile boiling tubes after every 6 h. 1 ml of freshly

prepared solution of resazurin was added to each tube and sealed with a sterile top.

The contents were mixed until resazurin was uniformly distributed in the milk. The

tubes were incubated at 37 oC for 10 min. The status of each milk sample was

scored and recorded according to the colour formed [4].

Total Plate Count (TPC)

The microbiological quality of milk was tested at 0, 6 and 24-h intervals using total

plate count test. Serial dilutions from 1 in 10 to 1 in 10,000,000 of the milk aliquots

Table 25.1 Containers and the six different forms of milk treatment/storage conditions

Container Treatment/storage condition Comment

(a) Fumigated kyanzi Positive test for fumigation of kyanzi

(b) Unfumigated kyanzi Negative control for fumigation of kyanzi

(c) Fumigated glass bottle Positive test for fumigation of glass bottle

(d) Unfumigated glass bottle Negative control for fumigation of glass bottle

(e) Sterile glass bottle Negative control for pasteurization

(f) Pasteurisation in sterile glass bottle Positive test for pasteurization
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were made in autoclaved Butterfield’s Phosphate Buffer (BPB) [BDH-UK] and

deep plated in duplicate on Plate Count Agar (PCA) [Oxoid] with incubation at

35 �C for 48 h [5]. The method described in ISO 6610 (1992) [6] was used to count

the colonies. The average TPC were then expressed as logarithms of colony-

forming units/ml (log cfu/ml).

25.2.4 Data Management and Statistical Analysis

The rates of changes of pH values were assessed by comparing the slopes of the

different best straight lines of fit for the milk samples stored in different conditions.

The differences in slopes of the best straight lines of fit at different storage

conditions were analyzed using two-sample t test, assuming a one-tail normal

distribution and α ¼ 0.05 [7].

25.3 Results and Discussion

25.3.1 pH Changes

The pH of all samples progressively dropped. The rates of changes of pH values

were assessed by comparing the slopes of the different best straight lines of fit for

the samples exposed to the six different conditions (results not shown).

Two of the four milk samples from selected cows on a single farm and kept in

fumigated kyanzi had the least drop in pH value, followed by pasteurized milk, then

milk kept in the fumigated glass bottle, milk kept in the unfumigated glass bottle,

milk kept in the unfumigated kyanzi and finally milk in sterilised glass bottle. For

the other two milk samples, the least drop in pH value was observed in pasteurised

milk, followed by milk kept in the fumigated kyanzi, in fumigated glass bottle, and

untreated samples. These data indicate that fumigation of the kyanzi offered the

greatest inhibition to milk spoilage in two samples as indicated by the rate at which

the milk became more acidic. Since pasteurisation offered the greatest inhibition to

milk spoilage in two milk samples, but still closely followed by fumigation of the

kyanzi, our findings suggest that fumigation of the kyanzi is comparable to

pasteurisation in preservation of raw milk.

Pooled milk samples from collection centres showed the least drop in pH in

pasteurised milk, followed by that kept in fumigated kyanzi, milk in the fumigated

glass bottle, the unfumigated kyanzi, the unfumigated glass bottle and the sterilised

glass bottle. Pasteurisation therefore evidently had the greatest effect in reducing

milk spoilage, closely followed by fumigation of the kyanzi, fumigation of the glass

bottle and lastly the sterile glass bottle and the untreated vessels. A bigger differ-

ence was seen between the slopes of the best straight lines of fit (not shown) for

samples from a single farm for fumigation of the kyanzi and other milk treatments

342 M.A. Wesuta and W.K. Isharaza



than with the same treatments for milk from collection centers. This suggested that

milk from the single farm was better preserved by fumigation of the kyanzi than
pooled milk. The superiority is probably due to the lower level of microorganisms

in milk from selected cows than in pooled milk.

The differences in slopes of the best straight lines of fit of preserving milk using

H. rufa fumigation compared to other storage conditions were analyzed using 2-tail

t-test; the t values and the corresponding p values are shown in Table 25.2.

25.3.2 Clot-on-Boiling

Clot-on-boiling tests for all samples were negative at the beginning of monitoring,

indicating that the milk was stable to heat treatment. Treated samples, as in the six

different conditions described, gave positive results after different lengths of

storage (results not shown). The increase in acidity during storage decreases the

heat stability of the milk [8]. This was observed to vary for the different conditions

under which milk samples were kept.

Comparison of results for the milk obtained from selected cows and those for

pooled milk reveals that fumigation of the kyanzi preserves the milk from selected

cows longer than it does for pooled milk. However there was no marked difference

in the duration of preservation by subjecting to the other conditions. These results

compare well with the trend observed by monitoring the pH.

25.3.3 Alcohol Test

The alcohol test results for all samples were negative, indicating that the milk had

less than 0.21 % acid at 0 h of monitoring. The duration of storage before coagula-

tion was observed to vary with the different storage conditions and sources of the

milk samples (results not shown).

Table 25.2 t and p test

values for determining the

effect of fumigation of kyanzi
and comparing fumigation

with pasteurization

Milk sample no. tfk tfp pfk pfp

1 2.823 1.390 0.013a 0.097

2 2.264 0.612 0.025a 0.276

3 1.643 0.217 0.066 0.416

4 0.748 0.161 0.234 0.437

5 0.772 0.291 0.225 0.388

6 0.441 �0.719 0.331 0.243

7 0.502 �0.505 0.315 0.312

8 0.958 �0.108 0.176 0.458

Key: fk-fumigation of kyanziwith untreated kyanzi, fp-fumigation

of the kyanzi with pasteurisation
aStatistically significant values
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Comparing results of this test for samples from the two sources showed that

fumigation of milk pots was equally effective in preserving milk obtained from the

two sources. Fumigation of the kyanzi keeps raw milk from selected cows longer

than it does for pooled milk, a trend that agrees with what were obtained in the pH

changes and the clot-on-boiling tests.

25.3.4 10-min Resazurin Test

The drop in the score with storage time was due to increased metabolic activity of

the microorganisms in the milk samples. The changes indicate the deterioration of

raw milk. This increased activity is variedly responsible for the reduction of the

resazurin dye. The final colour developed on incubation of the samples for 10 min

varied with the different storage conditions and sources.

Comparing the results for the samples from the two sources using the reference

table for interpretation of results [4], the drop in the test score shows that the effect

of fumigation of the traditional milk pots compares well with pasteurisation. The

results obtained in this test compared well with those obtained from pH, clot-on-

boiling and alcohol test changes (results not shown). Fumigation of the glass bottle

also curtailed the spoilage of the milk when compared to its negative control, the

unfumigated glass bottle.

25.3.5 Total Plate Count Test

Figures 25.1 and 25.2 show changes in TPC results expressed as log cfu/ml of milk

samples from selected cows on a single farm and pooled milk respectively done at

0, 6, and 24 h of storage under ambient temperatures.

The values indicate the rapid multiplication of the microorganisms initially

present in the fresh milk. The increased numbers of microorganisms produce

extracellular enzymes which break down the nutrients in the milk, thereby affecting

its physical-chemical properties [9]. The changes varied depending on the different

storage conditions of the milk samples.

The rate of multiplication of microorganisms in the 24 h of storage was lowest in

milk from the single farm kept in the fumigated kyanzi, followed by pasteurised

milk, milk kept in the fumigated glass bottle, the milk kept in the sterile glass bottle

and lastly, that kept in the untreated containers (Fig. 25.1). This gives fumigation of

the kyanzi superiority over pasteurisation and other forms of storage. For pooled

milk samples, the rate of multiplication of microorganisms in the 24 h of storage

was lowest for pasteurised milk in the sterile glass bottle, closely followed by milk

kept in the fumigated kyanzi, the milk kept in fumigated glass bottle, the sterile

glass bottle and the untreated containers (Fig. 25.2). This gives pasteurisation

relative superiority over fumigation of kyanzi and other forms of storage. These
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results compare well with those obtained in the platform tests. Fumigation is

ultimately superior to pasteurisation with respect to preservation of milk from

selected animals whereas it is not the case with pooled milk.

pH values of milk samples from selected cows in fumigated kyanzi and those of

pooled milk show a downward trend due to increase in hydrogen ions produced by
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24 h storage
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lactic acid, a product of fermentation of lactose by lactic acid bacteria present in the

milk. This was also observed when the same milk samples were boiled and were

treated with alcohol, as demonstrated in the clot-on-boiling and alcohol test results.

Such milk clots or precipitates. They were negative in the first hours of storage,
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indicating the relative stability of the casein micelles in the milk. However, on

keeping for several hours, precipitation on addition of 70 % alcohol was due to

destruction of the casein micelles. The clot-on-boiling test showed the same trend.

Here precipitation is due to irreversible denaturation of the protein casein

molecules. Resazurin scores also lowered with time due to the increased bacterial

metabolic activity that causes reduction of the purple dye through a series of colours

to white. Changes in these parameters showed the same trend with those of the milk

kept in fumigated kyanzi changing least on average followed by pasteurisation and

milk kept in the fumigated glass bottle. The average TPC expressed in log cfu/ml

units increased over the 24-h interval due to rapid reproduction of the bacteria by

binary transverse fission, hence increasing the number of bacterial cell numbers.

25.4 Conclusions

We conclude that microbial growth that leads to milk spoilage/sourage can be

curtailed for up to 30 h by storing fresh milk in a fumigated kyanzi using H. rufa.
Secondly, this traditional method of milk preservation gives better results with raw

milk from selected cows. However, this temporary preservation of raw milk cannot

be used as a substitute for pasteurisation. This method would be convenient for the

rural household where expensive modern preservation facilities that require use of

electricity and other forms of energy are inaccessible and unaffordable, in that milk

from the animal can be kept in relatively good quality for about 24 h, without

spoilage.

Further studies are needed to identify the chemical component within grass

species H. rufa, to establish the antimicrobial properties of the smoke from the

plant, and to standardize the fumigation technique for best results.
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Berdagué, J.L., 32

Bialecki, A., 15–37

Bioactivity, 37, 111

Biomarkers, 76, 78, 80, 84

Bolker, E.D., 222

Borohydrides, 229, 231, 233

Boskabady, M.H., 316

Bousta, D., 105–111

Braille character, 2, 4, 5, 8

C

Calcium, 164–166, 246, 247, 295, 316,

322–327, 334, 335

Camargo, C.C., 4

6-Carbamoyl-2-alkyl-9-(phenyl or benzyl)-9H-
purines, 141–145

Carbon nanotubes, 1–12, 95, 96, 99, 251–258

Carpi, F., 3

Cassytha filiformis, 105–111

Chalcones, 229–234

Chandrasekhar wave function, 70

Chang, F.R., 110

Chemistry-aid, 239, 242–244, 248, 259–265

Chemistry education, 65, 259–265

Chemistry of life, 207–224

Chemotaxonomy, 22, 33, 36, 37

Chen, Y.F., 150

Chorvát, D. Jr., 1–12

Chuckowree, V., 43

M. Gupta Bhowon et al. (eds.), Chemistry: The Key to our Sustainable Future,
DOI 10.1007/978-94-007-7389-9, © Springer Science+Business Media Dordrecht 2014

349



Classroom interactions, 47, 64, 65, 214, 215

Computer animations, 207–224

Concept cartoons, 41–65

Conceptual understanding, 53, 56, 61, 63–65,

207–224

Condensation reaction, 267–281

Conductivity, 7, 11, 181, 252–254, 256, 257,

268, 277–279

Contamination, 164, 169, 170, 308

Correlation coefficients, 30, 166, 170, 294,

297, 298, 306, 307

Critical exponent, 252, 257, 258
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