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Using participant observation and appraisal methods, the present study shows that with traditional knowledge, technologies and practices, a 

significant quantity of household waste was diverted away from the landfill and transformed into organic compost for use by farmers with 

the possibility of improving existing carbon sinks and reducing net CO2 emissions.  
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Introduction 

Traditional knowledge, technologies and practices as 
highlighted in the UN processes such as the United Nations 
Framework Convention on Climate Change and the UN 
Intergovernmental Panel on Climate Change have been 
documented as cost-effective terrestrial mitigation solutions 
that have the potential to improve existing carbon sinks and 
reduce net CO2 emissions 1,2. It is on this basis that the 
contributions of the waste sector to emissions of climate 
change gases are becoming better understood. At the same 
time, the important role of the waste management sector as a 
means through which to mitigate climate change, commonly 
abandoned in the past, is becoming more recognized. For 
example, in developing countries, the low cost and 
simplicity of composting, together with the high organic 
content of waste make small-scale composting a promising 
solution. Furthermore, increased composting of municipal 
waste could reduce waste management costs and emissions, 
and create both employment and public health benefits. 
Composting also decreases environmental problems related 
to the management of wastes by decreasing the volumes of 
waste sent to landfill and by killing possibly dangerous 
organisms. A target for European Union countries is to 
decrease the quantity of organic waste going to landfill sites 
by 20% by 2010 and by 50% by 2050 (Council Directive 
1999/31/EC). The follow-up of this directive could result in 
a large increase in the composting of organic wastes3.  

In the Industrialized countries, increased composting of 
household food waste would reduce greenhouse emissions, 
but would require additional separation of household waste, 
which may limit the penetration of composting2. 
Notwithstanding, emissions reported to the UNFCCC have 
shown a stabilizing or even declining trend in recent years 
for many countries of the developed world1.    However, the  

estimation of the past, current and future emissions as well 
as the mitigation potential in the waste sector has many 
uncertainties as shown in Fig. 1. According to 4, 5 the most 
important uncertainties relates to: 

• the poor quality of activity data needed for estimation 
of emissions;   

• the data on emissions from the waste sector  only 
extending out to 2020; and 

• waste statistics lacking in many countries due to the 
differences in waste-related definitions and coverage of 
waste collection.   

Figure 1. Estimates of total anthropogenic methane emissions from 
Annex I countries (developed countries) and Non-Annex I 
countries (developing countries) in 2000 and natural emissions 
with related indicative approximate levels of uncertainties.1,8 

It is therefore an undeniable fact that the waste sector is an 
important contributor to climate change because according 
to6, CH4 produced at solid waste disposal sites contributes 
approximately 3-4 percent to the annual global 
anthropogenic greenhouse gas emissions (See Figure 1), and 
is expected to increase with increasing global population 
and GDP. Notwithstanding, the use of traditional knowledge, 
technologies and practices in the production of compost 
from organic waste for use in agriculture and horticulture 
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could contribute significantly in reducing greenhouse gas 
emissions; improve soil quality, replacement of chemical 
fertilizers, reduced use of pesticides, enhanced tilth and less 
consumption of fuels7. This research study makes an 
evaluation of a community composting in Cameroon from a 
participatory and rapid appraisal method.  In this study, 
GICABIO was chosen because it is a local community 
initiative based on sustainable waste management practices 
with the possibility to generate knowledge that can 
contribute to policy formulation for climate change 
mitigation in Cameroon.  

History of composting in Cameroon 

In response to an increase in the biodegradable fraction of 
the household waste in Yaounde, Cameroon, youths in the 
Messa neighborhood and a Non Governmental Organization 
(PSU), French acronym for Programme Sociale d'Urgence 
used traditional knowledge, technologies and practices to 
transform the organic fraction of household waste into 
organic compost. The composting process lasted about a 
month with the heap being turned 4 times, after which a ten-
week maturation period is recommended. A study done in a 
ward of the city of Yaounde found out that there were 16 
valid market gardening sites which could absorb 8,000 
tonnes of garbage per year, i.e. 5 % of all solid waste 
produced in the city9. This traditional initiative was later 
followed by research at the Higher Polytechnique College of 
Yaounde in 1992 to forge out a scientific method for 
composting10. With the support of PNUD and French 
Cooperation Agency11, 15 composting sites based on 
traditional knowledge and practice became operational in 
Yaounde. Other towns like Bafoussam, Bafang, 
Nkongsamba, Garoua 11-13 also got involved in composting 
but not without numerous setbacks such as short period of 
funding by donors, low selling price, little or no financial 
compensation from the citizens14. 

The relevance of the composting  

Composting is a range of processes involving 
thermophyllic aerobic micro-organisms to convert organic 
waste materials into stable humic substances and inorganic 
plant nutrients (compost). Composting involves a 
multiplicity of physical parameters and feedstock varying 
simultaneously. Therefore, an efficient compost production 
requires a thorough understanding of the process dynamics 
in terms of the feedstock materials used and the interactions 
of the physical parameters (Table 1) such as temperature, 
moisture content, bulk density, porosity and oxygen 
availability.15-17 

The micro-organisms involved in the composting process 
include bacteria of the species Actinomycytes and fungi 
(moulds and yeast) while the by products are carbon dioxide, 
water and heat energy15. However, applying compost to soil 
not only increases the total organic carbon (TOC) but plays 
an important role in microbial proliferation and activity18. 
Although the application of compost is considered a suitable 
tool for mitigating climate change and improving soil 
fertility, very few studies have been conducted in semiarid 
climates to evaluate the joint effect of such practice on the 
structure and function of the soil’s microbial community.  

Table 1.  Characteristic of compost for use in agriculture15. 

Despite the lack of sufficient knowledge, compost use (see 
Table 2) has an important task to play in making both the 
developed and the developing countries more 
environmentally sustainable. This can be made possible 
given the fact that composting is higher in the waste 
management hierarchy than landfill, hence an 
environmentally friendly and economical alternative method 
for treating solid organic waste, thus reducing the amount of 
waste to be transported and discarded in landfills and built 
environments. It can also be a valuable source of raw 
material (fertilizer) for agriculture and as an income 
generator.15,19-22 

Compost also has the potential of replacing about a 
million cubic metres of peat per annum, to meet its 
obligations under the Biodiversity Directive, and to support 
sustainable agricultural practices by returning nutrients to 
the soil and averting the decline in soil quality. Composts 
help to increase soil functionality and elasticity, and 
maintain biologically diverse habitats. This will help protect 
soils against powerful rainfall events and extended summer 
droughts, a very common scenario in Sub-Sahara African 
countries24. 

According to25, agricultural production in Sub-Sahara 
African Countries has indeed been sensitive to climatic 
changes. Figures 2 and 3 provide graphical illustration of 
trends in rising temperature and declining precipitation and 
climatic changes for Sub-Sahara African (SSA) and Non 
Sub-Sahara African (NSSA). Therefore, compost use can 
supply some nutrients which can effectively replace 
artificial fertilizers and improve soil buffering capacity and 
reduce nitrogen leaching. Notably, composts derived from 
biodegradable wastes have the potential to off-set carbon 
dioxide emissions equivalent to over a million cars a year 
through carbon sequestration.24 

Figure 2. Normalized mean temperature for Sub-Sahara African 
(SSA) and Non Sub-Sahara African (NSSA) countries 25. 



Traditonal knowledge, technologies and practice for climate change mitigation     Section B-Research Paper  

 

 

Eur. Chem. Bull. 2012, 1(7), 233-237   DOI: 10.17628/ecb.2012.1.233-237 235 

Table  2. The use of different types of compost23. 

 

Figure 3.  Normalized mean rainfall for Sub-Sahara Africa (SSA) 
and Non Sub-Sahara African (NSSA) countries25. 

Materials and methods 

Site description and field study 

Cameroon is located in Central Africa and bordered on the 
west by the Gulf of Guinea, north west by Nigeria, north 
east by Chad with Lake Chad on its northern tip,  east by 
Central African Republic and to the south by Congo and 
Gabon26. A socio-economic survey was conducted on four 
neighbourhoods (Banengo 1, Bamendzi, Ndiandam, 
Kouogouo) in Bafoussam, the capital town of the West 
Region in Cameroon. The aim was to determine local 
community / voluntary group activity, availability of 
kerbside recycling and regularity of collection services by a 
local waste collection company, HYSACAM. Added to this 
was to provide a clue on household waste arisings and the 
way it was being perceived and managed. 

Participant observation and appraisal methods were used 
to evaluate the composting process (Fig. 4). Participant 
observation is a method in which the observer participates in 
the daily life of the people under study either openly in the 
role of researcher while participatory appraisals is an 
approach of learning about communities that places equal 
value on the knowledge and experience of local people with 
different background and experience and their capacity to 
come up with solutions to problems affecting them27.  

 

Results and Discussion 

Since its inception in 1995, the GICABIO project has had 
a positive socio-economic and environmental impact in 
Bafoussam, the regional capital of the West Region of 
Cameroon. Environmentally, of the 80 tonnes of household 
waste produced daily and destined for the landfill, 
approximately 10 tonnes were collected and transformed 
into compost28.  Socio-economically, it has improved the 
livelihood of 200 unemployed youths who earned some 
money from the collection and transportation of household 
waste to compositing sites as well as enabled Cameroonian 
farmers to have access to a cheap compost to fertilize their 
farmlands. Between January and June 27, 8 tonnes of 
compost was produced28. Despite this success, numerous 
constraints were identified. The fact that the composting 
activity was done manually puts plenty of strain on the 
workers. Transportation cost was observed as a major 
barrier to willingness-to-pay (WTP) for compost in the 
study area. In line with29, the effective demand for compost 
for agricultural purposes in Cameroon is marginal and 
restricted by farmers transport costs. In a study to estimate 
the demand for municipal waste compost via farmer’s 
willingness-to-pay (WTP) in Ghana,29 it was reported that, 
the majority of respondents were positive in their responses 
and perceptions in the demand for compost. The WTP 
analysis (profit analysis) was important in highlighting 
variables, which explain variations in the WTP and in due 
course allows the quantification of the compost demand 
under different scenarios of subsidized and non-subsidized 
compost. Irrespective of the inconsistencies observed in the 
farmer’s WTP, the low market price (1.5 US Dollars) 
compared to 5 US Dollars for mineral fertilizer was 
responsible for the increase use of organic compost in 
agriculture (Fig. 4) e.g. (demonstration farms, tomato, beet 
root, cabbage, lettuce and green vegetables) and horticulture 
(flower nurseries and gardens).    

The absence of complementary standards governing 
application to land however raises questions on the 
effectiveness of traditional knowledge, technologies and 
practices in improving existing carbon sinks and to reduce 
net CO2 emissions. Despite these uncertainties, 
decomposition at the pilling and maturation phases of the 
composting process (Fig. 4) depended on the climatic 
condition (Fig. 2 and 3) and the type of waste (Table 2). 
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Figure  4: Flow Chart of the composting process and application  

 

 

 

Sorting into non -biodegradable, recyclables and biodegradable 

biodegradable 
 
recyclables and biodegradable 

 

 

 

 

 

 

 

Kerbside collection (Manual & vehicular) 

 
(Manual & vehicular) 

 

Pilling phase 

Maturation phase 

  

Screening phase Mature compost 

Bagging  Land application Tomato garden 

Recyclables to  

Local markets 

 

Non –biodegradable 

fractions to landfill 

 



Traditonal knowledge, technologies and practice for climate change mitigation     Section B-Research Paper  

 

 

Eur. Chem. Bull. 2012, 1(7), 233-237   DOI: 10.17628/ecb.2012.1.233-237 237 

Cameroon, like in other Sub-Sahara African countries 
with rising temperatures and declining precipitation25, the 
decomposition process is slow and takes several months, 3 
to 4 months during the raining season and 4 to 5 months in 
the dry season.30 Under such conditions, to 
estimateemissions during the composting process requires 
data on the type and composition of the waste to be 
composted. However, in the absence of such data it becomes 
impossible to calculate the mitigation potential of 
composting to climate change. Although not within the 
scope of this work, the results indicate that a significant 
quantity of household waste was being diverted away from 
the landfill which is in line with the European Union 
directives (Council Directive 1999/31/EC).    

Conclusions 

The GICABIO study highlights the importance of using 
traditional knowledge, technologies and practices in 
compost production and indicated that a significant quantity 
of household waste was being diverted away from the 
landfill and transformed into organic compost for use by 
farmers, with the possibility of improving existing carbon 
sinks and reducing net CO2 emissions.  Climatic conditions 
and the waste types were determining factors for the quality 
of the compost that was produced. However, in the absence 
of compost specification, and data on waste characterization, 
uncertainties reigns as to the effectiveness of traditional 
knowledge, technologies and practices in improving existing 
carbon sinks and to reduce net CO2 emissions. It is for the 
reason that this work recommends that, traditional 
knowledge, technologies and practices should be integrated 
with modern composting technologies to better understand 
the mitigation potentials to climate change.  
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CORROSION BEHAVIOUR OF MILD STEEL IN SIMULATED 

CONCRETE PORE SOLUTION PREPARED IN RAIN WATER, 

WELL WATER AND SEA WATER 

                           M. Pandiarajan[a]*, P. Prabhakar[b] and S. Rajendran[a,c] 
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Concrete admixtures can be prepared in various water samples such as rain water, well water, and sea water. These waters contain various 

types of ions. So corrosion behaviour of mild steel immersed in simulated concrete pore solution prepared with the above water samples 

will vary. Corrosion resistance of mild steel in simulated concrete pore solution prepared with above water samples has been evaluated by 

polarization study. The corrosion resistance of mild steel in various samples of water is as follows: Rain water>Well water>Sea water. The 

corrosion resistance of mild steel in simulated concrete pore solution prepared in various water samples are in the decreasing order: Rain 

water>Well water> Sea water. This is revealed by the linear polarization resistance values and corrosion current values.  
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INTRODUCTION 

Reinforced concrete is widely used for building materials 
and plays a significant role in economic development. 
However, the premature degradation of reinforced concrete 
structures due to the reinforcing steel corrosion has become 
a serious problem in modern society, which results in a huge 
economic loss1-3. 

Under normal conditions, reinforcing steel in concrete can 
be protected from corrosion by forming a compact passive 
film on its surface in concrete pore solution with high 
alkalinity (pH 12.5-13.5). However, the passive film can be 
locally damaged and the localized corrosion of reinforcing 
steel takes place when pH and/or the chloride concentration 
at the steel/concrete interface reach the critical values for 
corrosion.4-9 The pH of concrete pore solution decreased 
during concrete carbonation due to the neutralization of 
Ca(OH)2 in the interstitial solution with the acidic gases 
(CO2, SO2, etc.) which diffuse into the steel/concrete 
interface from the air 8. The pH value of concrete pore 
solution is one of the most important parameters affecting 
the corrosion behaviour of reinforcing steel in concrete. 

In spite of the extensive studies of corrosion behaviours of 
reinforcing steel4-10, the exact mechanism of its 
depassivation is still unclear. Even though the effect of pH 
on the corrosion of reinforcing steel was discovered decades 
ago, there were only a few studies focusing on the 
depassivation of the steel caused by decreasing pH of 
concrete pore solution during the carbonation process.8,11-13 
In the urban and industrial areas, the acidic gases (CO2, SO2, 
NO2, etc.) can make the local atmosphere acidic, and attack  

the hydrated concrete. The reactions of neutralization in 
concrete may decrease the pH value of concrete pore 
solution, induce the steel surface depassivation, and 
consequently cause the steel corrosion. 

Several research papers have investigated the corrosion 
behaviour of metals in presence of simulated concrete pore 
(SCP) solutions14-25. Usually steel rebars have been used in 
such studies. The Present Study is undertaken to investigate 
the corrosion of mild steel in SCPS prepared in rain water, 
well water and sea water. A saturated solution of calcium 
hydroxide is used as SCP solution 26-30. Polarization study 
has been used to evaluate the corrosion resistance of mild 
steel. 

MATERIALS AND METHODS 

Metal specimens 

Mild steel specimen was used in the present study. 
(Composition (wt %): 0.026 S, 0.06 P,  0.4 Mn, 0.1 C and 
balance iron 31.  

The composition of rainwater (collected from roof top and 
stored in concrete tank), well water and sea water used in 
the present study is given the Table 1. 

Table 1. 

Parameters Rainwater  Well water  Sea water  

pH 8.15 8.38 7.18 

Total 

Dissolved 

Solids 

273 ppm 2013ppm 39392 ppm 

Electrical 

Conductivity 

390 1/cm  3110 1/cm 57929 1/cm 

Nitrate 9 ppm 0 0 

Chloride 72 ppm 665ppm 16850 

Sulphate 14 ppm 14ppm 6010 

Fluoride 0.2 ppm 0 0 

Total Hardness  

as CaCO3 

88 ppm 

 

1100ppm 112 ppm 
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Table 2. Corrosion parameters of mild steel  immersed in simulated concrete pore solution (saturated calcium hydroxide 
solution),obtained by potentiodynamic polarization study. 

System 

 
Ecorr, mV vs SCE bc mV/decade ba , mV/decade LPR, cm2 Icorr, A cm-2 

Rain water -822 156 287 15273 2.887x10-6 

SCPS prepared in 

rain water  
-470 212 196 94806 4.68 x 10-7 

Well water -833 153 302 13264 3.329x10-6 

SCPS prepared in 

well water  
-631 194 187 35638 1.162 x10-6 

Sea water -846 150 264 5548 7.506x10-6 

SCPS prepared in 

sea water  
-800 159 234 6281 6.568 x10-6 

Simulated Concrete Pore (SCP) Solution 

A saturated calcium hydroxide solution is used in the 
present study, as SCP solution. The electrodes made of mild 
steel wire were immersed in the SCP solution and 
polarization study was carried out. 

Potentiodynamic polarization 

Polarization studies were carried out in a CHI – 
Electrochemical workstation with impedance, Model 660A. 
A three-electrode cell assembly was used. The working 
electrode was mild steel. A saturated calomel electrode 
(SCE) was the reference electrode and platinum was the 
counter electrode. From the polarization study, corrosion 
parameters such as corrosion potential (Ecorr), corrosion 
current(Icorr) and Tafel slopes (anodic = ba and cathodic = bc) 
were calculated.  

RESULTS AND DISCUSIONS 

Corrosion behaviour of mild steel in simulated concrete 
pore solution (SCP), saturated calcium hydroxide solution) 
have been investigated by polarization study. 

Polarization Study 

The polarization curves of mild steel prepared in 
simulated concrete pore solution are shown in Figs. 1 to 3. 
The corrosion parameters such as corrosion potential (Ecorr), 
Tafel slopes (bc = cathodic; ba = anodic), Linear polarization 
resistance (LPR), and corrosion current (Icorr) are given in 
Table 2  

Figure 1. Polarization curves of mild steel immersed in various test 
solution a) Rain water;  b) SCPS prepared in rain water 

Figure 2.Polarization curves of mild steel immersed in various test 
solution. a) Well water. b) SCPS prepared in well water. 

Figure 3. Polarization curves of mild steel immersed in various test 
solution. a) Sea water; b) SCPS prepared in sea water 

It is observed from Table 2 that the decreasing order of 
corrosion resistance of mild steel immersed in simulated 
concrete pore solution prepared in rainwater, well water and 
sea water is as follows rain water>well water>sea water. 

This is revealed by the fact that the LPR values are in the 
decreasing order namely 15273,13264 and 5548 ohmcm2, 
further  the corrosion  current  values increase from 
rainwater[2.887x10-6  A/cm2] to well water [3.329x10-6  

A/cm2 ] and then to  sea water [7.506x10-6  A/cm2 ]32-41 . 

It is also observed that the corrosion resistance of mild 
steel immersed in simulated concrete pore solution prepared 
in rainwater is greater than the corrosion resistance of mild 
steel in rainwater alone. Similarly the corrosion resistance of 
mild steel immersed in simulated concrete pore solution 
prepared in well water is greater than the corrosion 
resistance of mild steel in well water, the corrosion 
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resistance of mild steel immersed in simulated concrete pore 
solution prepared in sea water is greater than the corrosion 
resistance of mild steel in sea water. 

The corrosion resistance of mild steel in simulated 
concrete pore solution prepared in various water samples are 
in the decreasing order: Rain water>Well water>Seawater. 

CONCLUSION 

Corrosion resistance of mild steel in simulated concrete 
pore solution prepared with rain water, well water and sea 
water samples has been evaluated by polarization study.  

The corrosion resistance of mild steel in various samples 
of water is as follows: Rain water> Well water> Sea water.  

The corrosion resistance of mild steel in simulated 
concrete pore solution prepared in various water samples are 
in the decreasing order: Rain water>Well water>Seawater.  

This is revealed by the linear polarization resistance 
values and corrosion current values. So it is concluded from 
these study that it is better to use rainwater to prepare 
concrete admixtures. 
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STRUCTURAL AND THERMAL INVESTIGATIONS OF NOVEL 

CHARGE-TRANSFER COMPLEXES OF THYMOL AND THE 

ACCEPTORS PICRIC ACID, CHLORANILIC ACID, 1,3-

DINITROBENZENE AND p-CHLORANIL  
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Thymol (Thy) is a widely known anti-microbial agent and can be found as one of the components of many essential oils. Intermolecular 

charge-transfer complexes between the Thy as a donor and picric acid (PA), chloranilic acid (CLA), 1,3-dinitrobenzene (DNB) or p-

chloranil (p-CHL) as a -acceptor have been structurally and thermally studied in methanol at room temperature. Based on elemental 

analyses (CHN) and photometric titrations, the stoichiometry of the complexes (Thy: acceptor molar ratios) was determined to be 1:1 for all 

four complexes. The formation constant (KCT), molar extinction coefficient (CT) and other spectroscopic data have been determined using 

the Benesi–Hildebrand method and its modifications. The newly synthesized CT complexes have been characterized via elemental analyses 

(CHN), IR, 1H-NMR, and electronic absorption spectroscopy. Thermogravimetric analyses (TG) were also used to investigate the thermal 

stability of the synthesized solid CT complexes.  
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Introduction 

The term charge-transfer complex (CTC) was first 
introduced by Mulliken1,2 and has been widely discussed 
by Foster3. Mulliken4,5 demonstrated that the charge-
transfer interactions within a molecular complex that 
consists of an electron donor, D, and an electron acceptor, 
A, involve a resonance with a transfer of charge from D 
to A: 

D + A    D
+
A

-
  D

+
 + A

-    (1) 

Charge-transfer complexation is of great importance in 
chemical reactions, including addition, substitution, 
condensation6,7, biochemical and bioelectrochemical 
energy-transfer processes8, biological systems9, and drug–
receptor binding mechanisms. For example, drug action, 
enzyme catalysis, ion transfers through lipophilic 
membranes10, and certain -acceptors have successfully 
been used in the pharmaceutical analysis of some drugs in 
pure form or in pharmaceutical preparations11-17. 
Furthermore, charge-transfer complexation is also of 
great importance in many applications and fields, such as 
in non-linear optical materials, electrically conductive 
materials18-21, second-order non-linear optical activity22, 
microemulsions23, surface chemistry23, photocatalysts24, 
dendrimers25, solar energy storage26, organic 
semiconductors27, and the investigation of redox 
processes28. Charge-transfer complexes that use organic 

species are intensively studied because of their special 
type of interaction, which is accompanied by the transfer 
of an electron from the donor to the acceptor29,30. In 
addition, the protonation of the donor from acidic 
acceptors is a route for the formation of ion-pair 
adducts31-33. 

Considerable attention has recently been devoted to the 
formation of stable charge-transfer complexes that result 
from the reaction between acceptors and drugs or 
biological compounds. This interest stems from the 
significant physical and chemical properties of these 
complexes. For example, the complexation of charge-
transfer complexes with drugs has been recognized as an 
important phenomenon in the drug-receptor binding 
mechanism and in many other biological processes. 
Herein, the CT interaction between the anti-microbial 
agent thymol and four acceptors are investigated. Thymol 
(Thy, C10H14O), a phenol derivative, is the main 
constituent in natural essential oils from many herbs, such 
as Thyme, Oregano and winter savory34-36. Thymol has an 
antimicrobial effect on bacteria, fungi, and yeasts. It is 
able to inhibit both Gram-positive and Gram-negative 
bacteria, including the potential pathogenic strains of 
Bacillus subtilis, Escherichia coli, Klebsiella pneumonia 
and Staphylococcus aureusalso . Amongst the identified 
natural anti-microbial agents (thymol, carvacrol, 
citronella, eugenol and terpinen-4-ol), thymol showed the 
highest antibacterial activity against Staphylococcus 
aureus, Escherichia coli and Pseudomonas aeruginosa37. 
Due to its bactericidal action against oral bacteria, it is 
commonly incorporated in mouthwashers. Thymol and 
essential oils rich in thymol, have proved beneficial in 
medical38,39, food40, agricultural41, veterinarian and pest 
control applications42.    

The purpose of the work reported here was to study the 
structural and thermal stability of charge-transfer 
complexes formed between thymol with picric acid (PA), 
chloranilic acid (CLA), 1,3-dinitrobenzene (DNB) and p-
chloranil (p-CHL). The elemental analysis, infrared (IR), 
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1H-NMR and electronic absorption spectroscopy were 
used to interpret the behavior of the interactions. The 
spectroscopic physical data were analyzed in terms of the 
formation constant (KCT), the molar extinction coefficient 
(CT), the standard free energy (G), the oscillator 
strength (f), the transition dipole moment (), the 
resonance energy (RN) and the ionization potential (ID). 
The thermal behaviors of the obtained complexes have 
also been investigated.  

Experimental 

Chemicals  

All chemical used were of high grade of purity. Thymol 
(Thy) (MF=C10H14O) was obtained from Sigma-Aldrich 
Chemical Company, USA with a stated purity of more 
than 99.6% and was used without further purification. 
Picric acid (2,4,6-trinitrophenol, PA), 1,3-dinitrobenzene 
(DNB), chloranilic acid (CLA) and p-chloranil (p-CHL) 
were purchased from Merck Chemical Company and 
were also used as received.  

Synthesis 

The solid CT products of Thy with PA, CLA, DNB and 
p-CHL were synthesized by mixing equimolar amounts of 
Thy donor with each acceptor in methanol. The mixtures 
were stirred for 20 min, and allowed to evaporate slowly 
at room temperature, which resulted in the precipitation 
of the solid CT complexes. The separated complexes 
were filtered off, washed well with little amounts of 
methanol, and then collected and dried under vacuum 
over anhydrous calcium chloride for 24 h. 

Photometric titration  

Photometric titration measurements were carried out for 
the reactions of Thy with PA, CLA, DNB and p-CHL 
against methanol as a blank at wavelengths of 354, 285, 
300 and 284 nm, respectively. A 0.25, 0.50, 0.75, 1.00, 
1.50, 2.0, 2.50, 3.00, 3.50 or 4.00 mL aliquot of a 
standard solution (5.010-4 M) of the appropriate acceptor 
in MeOH was added to 1.00 ml of 5.010-4 M Thy, which 
was also dissolved in MeOH. The total volume of the 
mixture was 5 mL. The concentration of EC (Cd) in the 
reaction mixture was maintained at 5.010-4 M, whereas 
the concentration of the acceptors (Ca) changed over a 
wide range of concentrations (0.2510-4 M to 4.0010-4 
M) to produce solutions with an acceptor molar ratio that 
varied from 4:1 to 1:4. The stoichiometry of the 
molecular CT complexes was obtained from the 
determination of the conventional spectrophotometric 
molar ratio according to known methods43 using a plot of 
the absorbance of each CT complex as a function of the 
Cd:Ca ratio. Modified Benesi–Hildebrand plots44,45 were 
constructed  to allow the calculation of the formation 
constant, KCT, and the absorptivity, CT, values for each 
CT complex in this study. 

 

Instrumentation 

The elemental analyses of the carbon, hydrogen and 
nitrogen contents were performed by the microanalysis 
facility at Cairo University, Egypt, using a Perkin-Elmer 
CHN 2400 (USA). The electronic absorption spectra of 
methanolic solutions of the donor, acceptors and resulting 
CT complexes were recorded over a wavelength range of 
200-800 nm using a Perkin-Elmer Lambda 25 UV/Vis 
double-beam spectrophotometer at Taif University, Saudi 
Arabia. The instrument was equipped with a quartz cell 
with a 1.0 cm path length. The mid-infrared (IR) spectra 
(KBr discs) within the range of 4000-400 cm-1 for the 
solid CT complexes were recorded on a Shimadzu FT-IR 
spectrophotometer with 30 scans at 2 cm-1 resolution. The 
Raman laser spectra of the samples were measured on a 
Bruker FT-Raman spectrophotometer equipped with a 50 
mW laser at Taif University, Saudi Arabia. 1H-NMR 
spectra were collected by the Analytical Center at King 
Abdul Aziz University, Saudi Arabia, on a Bruker DRX-
250 spectrometer operating at 250.13 MHz with a dual 5 
mm probe head. The measurements were performed at 
ambient temperature using DMSO-d6 (dimethylsulfoxide, 
d6) as a solvent and TMS (tetramethylsilane) as an 
internal reference. The 1H-NMR data are expressed in 
parts per million (ppm) and are internally referenced to 
the residual proton impurity in the DMSO as solvent. 
Thermogravimetric analysis (TGA) was performed under 
an air atmosphere between room temperature and 800 C 
at a heating rate of 10 C/min using a Shimadzu TGA–
50H thermal analyzer at the Central Lab at Ain Shams 
University, Egypt. 

Results and discussion  

Elemental analyses results 

Elemental analyses (C, H, and N) of the Thy CT 
complexes were performed, and the obtained analytical 
data are as follows: 

1 [(Thy)(PA)]: C16H17N3O8; Mol. wt.=379.32; 
Orange; Anal. Calcd.: C, 50.62; H, 4.48; N, 11.07. Found: 
C, 51.01; H, 4.37; N, 10.73. 

2 [(Thy)(CLA)]; C16H16Cl2O5; Mol. wt.=359.20; Dark 
red; Anal. Calcd.: C, 53.45; H, 4.45. Found: C, 53.61; H, 
4.54. 

3 [(Thy)(DNB)]; C16H18N2O5; Mol. wt.=318.32; Pale 
brown; Anal. Calcd.: C, 60.32; H, 5.65; N, 8.80. Found: C, 
60.50; H, 5.37; N, 8.67 

4 [(Thy)(p-CHL)]; C16H14Cl4O3; Mol. wt.=396.10; 
Orange yellow; Anal. Calcd.: %C, 48.47; %H, 3.53. 
Found: %C, 48.40; %H, 3.59. 

The resulting values are in good agreement with the 
calculated values, and the suggested values are in 
agreement with the molar ratios determined from the 
photometric titration curves.  
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The stoichiometry of all complexes was found to be 1:1 
ratios. Based on the obtained data, the formed charge-
transfer complexes were formulated as [(Thy)(PA)], 
[(Thy)(CLA)], [(Thy)(DNB)] and [(Thy)(p-CHL)].  

Electronic absorption spectra 

Figure 1 shows the electronic absorption spectra of the 
Thy donor, acceptors and the formed CT complexes. 
These spectra revealed new absorption bands that are 
attributed to the CT interactions. These bands are 
observed at 354, 285, 300 and 284 nm for the Thy/PA, 
Thy/CLA, Thy/DNB and Thy/p-CHL complexes, 
respectively. These peak absorbance values that appeared 
in the spectra assigned to the formed CT complexes were 
measured and plotted as function of the Cd: Ca ratio 
according to the known method. Photometric titration 
plots based on these measurements (Figure 2) confirmed 
the complex formation at a ratio (Thy: acceptor) of 1:1 in 
all cases. The formation constant (KCT) and the molar 
absorptivity () of these complexes were calculated by 
applying the 1:1 modified Benesi–Hildebrand equation in 
Eqn. (2)44: 

 

( )1a d a dC C C C

A K


 

 
     (2) 

 

where Ca and Cd are the initial concentrations of the 
electron acceptor and the electron donor, respectively, 
and A is the absorbance of the strongly detected CT band. 
Plotting (CaCd)/A values versus the corresponding 
(Ca+Cd) values for the formed EC charge-transfer 
complexes, straight line are obtained supporting our 
finding of the formation of 1:1 complexes. In the plots, 
the slope and intercept equal 1/ and 1/K, respectively. 
The modified Benesi–Hildebrand plots are shown in 
Figure 3 and the values of both KCT and  associated with 
the complexes are given in Table 1. These complexes 
exhibit high values of both the formation constant (KCT) 
and the extinction coefficients (). These high values of 
KCT reflect the high stabilities of the formed CT 
complexes. The equilibrium constants are strongly 
dependent on the nature of the used acceptor including 
the type of electron withdrawing substituents to it such as 
nitro and halo groups46. The data reveal that the 
[(Thy)(CLA)] complex shows a higher KCT value 
compared with the other complexes, reflecting the 
relatively higher powerful electron acceptance ability for 
CLA. 

Calculation of the spectroscopic and physical data  

The spectroscopic and physical data, such as the 
standard free energy (G°), the oscillator strength (f), the 
transition dipole moment (), the resonance energy (RN), 
and the ionization potential (IP), were estimated for 
samples dissolved in methanol at 25 C. The oscillator 
strength (f) is a dimensionless quantity used to express the 
transition probability of the CT-band From the CT 
absorption spectra47, and can be estimated using the 
approximate formula48: 

Figure 1.Electronic absorption spectra of Thy CT 
complexes at the detectable peak. 

300 400 500 600

0.0

0.5

1.0

1.5

2.0

2.5

3.0

A
bs

or
ba

nc
e

Wavelength (nm)

 Thy

 PA

 CT complex

354 nm

200 300 400 500 600

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

A
bs

or
ba

nc
e

Wavelength (nm)

 Thy

 CLA

 CT complex

285 nm

200 300 400 500

0.0

0.5

1.0

1.5

2.0

2.5

A
bs

or
ba

nc
e

Wavelength (nm)

 Thy

 p-CHL

 CT complex

284 nm

300 350 400 450
0.0

0.2

0.4

0.6

A
b

so
rb

a
n

c
e

Wavelength (nm)

 Thy

 DNB

 CT complex

300 nm



Studies on charge transfer complexes of thymol and some aromatic acceptors                                                     Section A-Research Paper 

Eur. Chem. Bull. 2012, 1(7), 241-249 DOI: 10.17628/ecb.2012.1.241-249 244 

where CTd is the area under the curve of the extinction 
coefficient of the absorption band in question  plotted as a 
function of frequency. To a first approximation, 

                                                                                    

where CT is the maximum extinction coefficient of the 
CT band, and ½ is the half-bandwidth in cm-1 (i.e., the 
width of the band at half the maximum extinction). The 
transition dipole moments () of the Thy CT complexes 
have been calculated from Eq. 549: 

 

 

 

The transition dipole moment can be used to determine 
if a particular transition is allowed; the transition from a 
bonding  orbital to an antibonding * orbital is allowed 
because the integral that defines the transition dipole 
moment is nonzero. The ionization potentials (IP) of the 
Thy donor in the charge-transfer complexes were 
calculated using the empirical equation derived by Aloisi 
and Pignataro represented in Eq. 650: 

 

 

where CT is the wavenumber in cm-1 that corresponds to 
the CT band formed from the interaction between the 
donor and the acceptor. The electron-donating power of a 
donor molecule is measured by its ionization potential, 
which is the energy required to remove an electron from 
the highest occupied molecular orbital. Briegleb and 
Czekalla51 theoretically derived the following relationship 
to obtain the resonance energy (RN): 

 
 
 

 
 

where CT  is the molar absorptivity coefficient of the CT 
complex at the maximum of the CT absorption, CT is the 
frequency of the CT peak, and RN is the resonance energy 
of the complex in the ground state, which contributes to 
the stability constant of the complex (a ground-state 
property). The energy values (ECT) of the n* and –* 
interactions between the donor (EC) and the acceptors 
were calculated using the equation derived by Briegleb52:  

 

 

where CT is the wavelength of the CT band of the formed 
complex. The standard free energy of complexation 
(G°) for each complex was calculated from the 
formation constants using the equation derived by Martin 
et al.53: 

 

Figure 2. Photometric titration curves for Thy CT complexes at 
detectable peaks. 
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where G° is the free energy change of the CT complex 
(kJmol-1), R is the gas constant (8.314 Jmol-1K), T is the 
absolute temperature in K, and KCT is the formation 
constant of the complex (Lmol-1) at room temperature. 

The calculated spectroscopic and physical values (f, , 
IP, RN and G) for the Thy CT complexes using these 
equations are presented in Table 1. [(Thy)(CLA)] 
complex exhibits considerably higher values of both the 
oscillator strength (f) and the transition dipole moment 
(). CLA is a strong electron acceptor to form stable CT 
complexes with the donors. Beside this function, CLA is 
a strong acid (pK1=1.07 and pK2= 2.24)54, hence a proton 
transfer from CLA to the donors is expected. The 
observed high values of f indicate a strong interaction 
between the donor–acceptor pairs with relatively high 
probabilities of CT transitions55. Further evidence for the 
nature of CT interactions is the calculation of the standard 
free energy change (G). The obtained values of G for 
the Thy/PA, Thy/CLA, Thy/DNB and Thy/p-CHL 
complexes are -35.8, -36.1, -35.4 and -36 kJmol-1, 
respectively; these negative values indicate that the 
interaction between Thy and the acceptors is exothermic 
and spontaneous56, 57. 

IR spectra 

The IR absorption spectra of the Thy solid CT 
complexes were recorded in the frequency range 4000-
400 cm-1 using KBr disc. These spectra are shown in 
Figure 4 while their band assignments are given in Table 
2. In the IR spectra of the [(Thy)(PA)] and [(Thy)(CLA)] 
complexes, the characteristic bands of Thy observed at 
3613 cm-1, which is assigned to (O-H) stretching 
vibration, shifted to lower value and reduced in intensity 
after complexation. Also, the IR spectra of these 
complexes are characterized by weak bands that appear 
between 2400-2800 cm-1, which does not appear in the 
spectra of the free Thy donor or those of the PA and CLA 
acceptors. These peaks are due to hydrogen bonding in 
the complex formed through the transfer of a proton from 
PA or CLA to the -OH group of the Thy donor. These 
observations clearly indicate that the complexation occurs 
through the protonation of the –OH group in the Thy 
donor via a proton-transfer phenomenon from the acidic 
center of each acceptor to the lone pair of electrons on the 
Thy oxygen atom based on acid–base theory59-63. Thus, 
one can say that the charge-transfer molecular complexes 
between Thy and PA or CLA acceptors are stabilized by 
hydrogen bonding. Because DNB and p-CHL acceptors 
lack acidic centres, the molecular complexes can be 
concluded to form through * charge migration from 
the HOMO of the donor to the LUMO of the acceptor. 
The * CT complex is formed via the benzene ring 
(electron-rich group) of the Thy and the DNB and p-CHL 
reagents (electron acceptor). The group of bands are 
exhibited at 2920 and 2843 cm-1 in [(Thy)(DNB)] 
complex, and at 2890 and 2836 cm-1 in [(Thy)(p-CHL)] 
complex were assigned to symmetric stretching vibrations 
of the (C-H) with different position wavenumbers 
compared with the free Thy.  

 

Figure 3. The modified Benesi-Hildebrand plots of Thy CT 
complexes at detectable peaks. 
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Table 1.  Spectrophotometric results of the Thy CT complexes 

Complex 
CT-absorption, 

nm 
ECT, eV K (Lmol-1) 

max  

(L mol-1 cm-1) 
f μ Ip RN 

∆G° (25 °C) 

(kJ mol-1) 

[(Thy)(PA)] 354 3.513 1.86104 2.99104 12.89 31.14 10.08 0.99 -35,771 

[(Thy)(CLA)] 285 4.364 2.16104 1.83104 39.40 48.85 11.13 1.23 -36,146 

[(Thy)(DNB)] 300 4.146 1.62104 3.04104 27.39 23.60 10.86 1.10 -35,426 

[(Thy)(p-CHL)] 284 4.379 2.00104 3.06104 37.73 47.72 11.15 1.24 -35,949 

 

Figure 4. Infrared spectra of Thy CT complexes. 

The stretching vibration of (C=O) absorption band in 
free p-CHL appeared at 1685 cm-1, but under 
complexation this band is still un-shifted. Also, the bands 
associated with (C-Cl) vibration that appeared at 903, 
750 and 709 cm-1 in free p-CHL were shifted to lower 
wavenumbers and decreasing in the intensities of the 
characteristic peaks, these results due to the increasing in 
the electron density around p-CHL moiety. These 
observations proved that the complexation of Thy with 
DNB and p-CHL take place via the * transition. 
Based on these data, the suggested complexation 
mechanism between Thy donor and acceptors is 
illustrated in Scheme 1.  

1H-NMR spectra 

The 400 MHz nuclear magnetic resonance (1H-NMR) 
spectra of the Thy complexes were measured in DMSO-
d6 at room temperature. The chemical shifts () of the 
different types of protons of the complexes are;  

[(Thy)(PA)] complex; (2-isopropyl-5-
methylphenyl)oxonium 2,4,6-trinitrobenzenolate; 1H 
NMR (400 MHz, DMSO-d6): 1.59 (d, 6H, 2CH3), 2.59 (s, 

3H, CH3), 3.21 (m, 1H,CH(CH3)2), 7.26 (d, 1H, Ar-H, C4 
thymol), 7.39 (d, 1H, Ar-H, C3 thymol), 7.63 (s, 1H, Ar-
H, C6 thymol), 9.00 (s, 2H, Ar-H, picric acid  ring), 12.2 
(s, 2H, Ar-OH2

+, thymol). 

[(Thy)(CLA)] complex; (2-isopropyl-5-
methylphenyl)oxonium 2,5-dichloro-4-hydroxy-3,6-
dioxocyclohexa-1,4-dien-1-olate; 1H-NMR (400 MHz, 
DMSO-d6): 1.60 (d, 6H, 2CH3), 2.59 (s, 3H, CH3), 3.21 
(m, 1H,CH(CH3)2), 7.25 (d, 1H, Ar-H, C4 thymol), 7.40 
(d, 1H, Ar-H, C3 thymol), 7.63 (s, 1H, Ar-H, C6 thymol), 
11.9 (s, 1H, Ar-OH, CLA ring), 12.2 (s, 2H, Ar-OH2

+, 
thymol). 

 [(Thy)(DNB)] complex; 2-isopropyl-5-methylphenol 
compound with 1,3-dinitrobenzene (1:1); 1H-NMR (400 
MHz, DMSO-d6): 1.18 (d, 6H, 2CH3), 2.40 (s, 3H, CH3), 
3.19 (m, 1H,CH(CH3)2), 4.27 (s, 1H, OH), 6.89 (d, 1H, 
Ar-H, C4 thymol), 7.22 (s, 1H, Ar-H, C6 thymol), 7.37 (d, 
1H, Ar-H, C3 thymol), 8.07 (d, 2H, Ar-H, C4, C6 

dinitrobenzene ring), 8.19 (t, 1H, Ar-H, C5 dinitrobenzene 
ring), 8.47 (s, 1H, Ar-H, C2 dinitrobenzene ring) 

 

Scheme 1. Complexation mechanism between Thy donor and 
acceptors. 
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Table 2. Characteristic infrared frequencies (cm-1) and tentative assignments of Thy, PA, CLA, DNB, p-CHL 

and their CT complexes. 

 

Thy PA CLA DNB p-CHL 
[(Thy)(acceptor)] complex 

Assignments(a) 
PA CLA DNB p-CHL 

3613         
(O-H) 

  3235 3110 3354 3103 3256 3103 3355 

2963 2980    2965 2966 2920 2890 (C-H) 

Hydrogen bond 2872 2872    2760 2778 2843 2836 

 1861    1858  1824  
(C=O) 

(NO2) 
1626 1632 1664  1685 1633 1665  1685 

 1608 1630 1608  1609 1631 1609  

1516 1529  1538 1567 1530 1541 1537 1568 (C=C) 

1460 1432   1487 1431 1462  1437 
(CH) deformation 

1419 1343 1368 1364 1316 1342 1369 1349 1317 

1290 1312 1263   1313 1265 1271 1258 (C-O) 

1216 1263 1207   1272 1209  1233 (C-N) 

1160 1150 1168 1150  1152 1168 1148 1110 (C-C) 

1087 1086  1069  1085  1068   

946 917 981 914 903 918 982 909 896 (C-Cl) 

868 829 851 837  782 849 815   

 781 752 727 750 732 752 712 740 (C-Cl) + (NO2) 

593 652 690 663 709 703 691 651 701  

579 522 569   523 569 510 473  

a , stretching; s , symmetrical stretching; as , asymmetrical stretching; , bending. 

 

[(Thy)(p-CHL)] complex; 2,3,5,6-
tetrachlorocyclohexa-2,5-diene-1,4-dione compound with 
2-isopropyl-5-methylphenol (1:1); 1H-NMR (400 MHz, 
DMSO-d6): 1.62 (d, 6H, 2CH3), 2.59 (s, 3H, CH3), 3.30 
(m, 1H,CH(CH3)2), 4.67 (s, H, Ar-OH, thymol), 7.12 (d, 
1H, Ar-H, C4 thymol), 7.40 (s, 1H, Ar-H, C6 thymol), 
7.77 (d, 1H, Ar-H, C3 thymol). 

The three aromatic protons of Thy appear at  7.37-
7.77 (C3), 6.89-7.26 (C4) and 7.22-7.63 (C6) ppm. The 
aliphatic protons of Thy appear at  1.18-1.62 ppm (6H), 
2.40-2.59 ppm (3H) and 3.19-3.30 (1H), corresponds to 
the protons of 2CH3, CH3 and CH groups, respectively. 
The intensities and chemical shifts of the aromatic and 
aliphatic signals have been significantly affected by the 
complxation and the accompanying changes in the 
structural configuration. The new peak observed at 12.2 
ppm in [(Thy)(PA)] complex, which is not detected in the 
spectrum of the free Thy donor, is attributed to the 
formation of a hydrogen bond between PA and Thy. The 
peak at  = 11.94 ppm, which is assigned to the –OH 
proton of free picric acid64, was absent in the spectrum of 
this complex. Together, these data indicate that the 
hydroxyl and phenolic groups are involved in the 
formation of the CT complex between Thy and PA.  

In the [(Thy)CLA)] complex, the phenolic proton (–
OH) signal, which is observed at approximately 9.15 
ppm in the spectrum of the free CLA acceptor57, 
decreased in intensity with an down-field shift for the 
non-hydrogen-bonded one (11.9) in the spectrum of the 
CT complex. Instead, a new peak is observed at 12.2 ppm, 
attributing to two protons of OH2

+. This situation 
confirmed the transfer of the phenolic proton of CLA to 
the (-OH) group of Thy.  

Thermal analysis 

The thermogravimetric analysis (TG) provided 
information about the thermal stabilities of the prepared 
charge-transfer complexes and about the differences in 
the physical behavior of the starting and resulting 
compounds. In order to verify charge-transfer interaction 
between Thy donor and acceptors and thermal stability of 
the new CT complexes, the thermogravimetric analysis of 
Thy CT complexes were carried out over the temperature 
range of 25-800 C under an air atmosphere using 9.9, 
9.87, 17.12 and 13.60 mg samples for [(Thy)(PA)], 
[(Thy)(CLA)], [(Thy)(DNB)] and [(Thy)(p-CHL)] 
complexes, respectively. The TG curves were redrawn as 
mg mass loss versus temperature. Figure 5 shows the 
thermograms for Thy CT complexes and thermal analyses 
data are listed in Table 3. The obtained data indicate that 
the [(Thy)(PA)] complex decomposes in three clear 
decomposition steps within the 25-800 C temperature 
range. The first decomposition step within the 
temperature range 25-152 C has a weight loss about 
12.20% and is attributed to the liberation of NO2 
molecule. The second decomposition step existed within 
the 152-300 C temperature range and is reasonably 
explained by the loss of 5C2H2, 2NO2 and CO2 molecules.  

The final decomposition step found within the 
temperature range 300-800 C which corresponds to the 
liberation of 2C2H2, CO2 and 3/2H2 molecules. This step 
is associated with a total weight loss of 25.77%, which is 
in good agreement with the calculated value (26.10%). 
The [(Thy)(CLA)] complex is thermally stable in the 25-
675 C temperature range. The thermal decomposition of 
the complex is a two-steps process.  
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Table 3. Thermal decomposition data for the Thy CT complexes. 

 

Complex Stage TG range, °C 
Mass loss, % 

Detected fragments 
Found Calculated 

[Thy)(PA)] 

(C16H17N3O8) 

I 25-152 12.20 12.13 NO2  

II 152-300 62.03 61.69 5C2H2+ 2NO2 + CO2  

III 300-800 25.77 26.10 2C2H2 + CO2 + 3/2H2 

      

[Thy)(CLA)] 

(C16H16Cl2O5) 

I 25-220 3.97 3.34 CO2  

II 220-675 96.03 96.60 6C2H2+ Cl2 + 3CO2 + 2H2 

      

[Thy)(DNB)] 

(C16H18N2O5) 
I 25-800 100.00 99.90 7C2H2+ 2NO2 + 2CO2 + 2H2 

      

[Thy)(p-CHL)] 

(C16H14Cl4O3) 

I 25-345 86.16 86.34 6C2H2 + 2Cl2 + CO2  

II 345-600 13.84 13.63 C2H2 + CO2  

 

The first mass loss step occurs between 25-220 C 
corresponds to the loss of CO2 molecule with a weight 
loss of 3.97% close to the expected theoretical value of 
3.34%. The second degradation step at 220-675 C has an 
extremely large scale of weight loss for about 96.03%, 
and is attributed to the loss of 6C2H2, Cl2, 3CO2 and 2H2 
molecules. The curve of [(Thy)(DNB)] complex was 
thermally decomposed in one decomposition step within 
temperature range 25-800 C, and may be assigned to the 
liberation of 7C2H2, 2NO2, 2CO2 and 2H2. 

Figure 5. TG curves of Thy CT complexes. 

The thermal analysis curve of the [(Thy)(p-CHL)] 
complex indicates that the decomposition occurs in two 
main stages in the temperature range of 25-600°C. The 
first decomposition step within the temperature range 25-
345 C corresponding to loss of 6C2H2, 2Cl2 and CO2 
molecules representing a weight loss of 86.16% very 
close to the expected theoretical value of 86.34%. The 
second decomposition step found within the temperature 
range 345-600 C which corresponds to the liberation of 
C2H2 and CO2 molecules representing a weight loss of 
13.84% very close to the expected theoretical value of 
13.63%.  

Conclusion 

Recently, considerable attention has been devoted to the 

formation of stable charge-transfer complexes that result 

from the reaction between acceptors and drugs or 

biological compounds. This interest stems from the 

significant physical and chemical properties of these 

complexes. The results reported in this paper are 

concerned with the preparation, characterization, 

structural and thermal studies of novel charge-transfer 

complexes formed between the anti-microbial agent; 

thymol (Thy) and the acceptors picric acid (PA), 

chloranilic acid (CLA, 1,3-dinitrobenzene (DNB) and p-

chloranil (p-CHL). It is observed that the reaction 

stoichiometry is 1:1, and the resulting CT complexes 

were shown to have the general formula: 

[(Thy)(acceptor)]. The interaction between the Thy and 

PA or CLA acceptors was stabilized by hydrogen 

bonding. The obtained complexes were thermally stable. 

Physical parameters such as formation constant (KCT), 

molar extinction coefficient (CT) and other spectroscopic 

data have also been determined.  
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GREEN SYNTHESIS OF NANO-FE–BIOTITE FOR REMOVAL 

OF HAZARDOUS METALS IONS FROM AQUEOUS 

SOLUTIONS 

                         Khaled M. Elsabawy1,2,* , Morsy M.A.Sekkina1 and Ahmed T.Tawfik1,3 

Keywords: biotite, heavy metals, uranium, thorium, removal, fluoride-free , wastewater 

This paper represents synthesis of a new family of a fluoride-free Fe-Biotite type compound having the general formula 
NaFe2.5(Al,Si)4O10 (OH)2. It was prepared carefully by using solid- state reaction technique with nominal compositions of 
individual oxides in the main formula for the potential remediation of heavy metals and some radioactive elements from 
applying solution. The structural and micro-structural properties were determined using both XRD, SEM and IR techniques. 
The particle size estimated was 56 nm. Further electron spin resonance (ESR) proved that Fe-biotite is paramagnetic in 
nature, electrical conductivity was measured as a function of absolute temperature, while the thermal stability of the samples 
were studied using thermogravimetry (TG). Analytical applications were done by using (AAS). Investigations proved that 
synthetic fluoride-free Fe-biotite has medium of strong efficiency as cation selective clay towards metals under test. 
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Introduction 

The extensive use of metals in industries such as mining, 
electroplating, battery, alloys processing, and other human 
activities (agricultural practices, transport, and waste 
disposal) have introduced substantial amounts of toxic 
heavy metals into the aquatic and terrestrial environment1. 
The removal of metal ions from industrial wastewaters using 
different adsorbents is always a subject of great interest,2,3 
because industrial wastewaters often contain considerable 
amounts of metal ions that would be dangerous to public 
health and the environment if discharged without adequate 
treatment. 

Industrial activities generate a wide diversity of 
wastewaters, often containing agents that cause pollution, 
which can cause dangerous consequences for human beings 
by affecting the ecosystems. To minimize these unfavorable 
conditions, adsorption methodologies have been proposed as 
an alternative process for resolving such problems.4-9 

Composite adsorbents/ion exchangers have been widely 
studied for treatment of liquid radioactive wastes. The 
composite ion exchangers present improved qualities with 
respect to those of pure inorganic exchangers or resins, such 
as; better selectivity for the capture of some ions, increased 
mechanical and chemical resistance, more regular form of 
the grains, smaller solubility in water than the respective 
inorganic compound, and better kinetics of exchange 
relatively to the pure inorganic exchangers. The composite 

ion exchangers are generally obtained by implantation of 
inorganic (e.g.  clay minerals, cement, silica-gel or  alumina) 

into the wide range organic materials during the 
polymerisation process.10,11 

The composite ion exchangers have been used in several 
studies for the treatment of low and medium level liquid 
radioactive wastes10-12 and to investigate of sorption 
behavior of I–V group.13 

Biotite is a member of the trioctahedral micas. It is 
commonly found in almost all types of granitic rocks and 
Some metamorphic rocks. Such a silicate mineral commonly 
coexists with quartz and feldspar, which are widely used as 
natural dosimeters for retrospective dosimetry and dating.14  

Fe(II) is an important inorganic reductant that is abundant 
in soils and sediments. Fe(II) is found in many silicates, and 
oxidation-reduction reactions between aqueous species and 
structurally bound Fe on or beneath the surface of both 
silicates and oxides can control the redox state of associated 
solutes.15-17 

Naturally occurring micas must be modified for use as 
commercial and cost-effective ion exchangers suitable to 
separate radionuclides from groundwater or aqueous nuclear 
wastes because micas have low cation exchange capacity 
(CEC). The low CEC of micas is due to interlayer potassium 
ions which are fixed. A few attempts have been made to 
improve CEC of the micas. Interlayer potassium ions can be 
replaced by sodium. 

Green chemistry is a design, development, 
implementation of chemical products and processes to 
reduce or eliminate the use and generation of substances 
hazardous to human health and environment, the present 
study aims to: (1) synthesis the Fe-Biotite adsorbent from 
eco-friendly and low cost raw materials:  
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(i)- an attempt to synthesize the mica without using 
fluorine to prevent release of fluorides into the environment 
during synthesis process.  

(ii) by using Na+ as interlayer ion to increase cation 
exchange of the mica for remediation;  

(2) In order to characterize the adsorbent with a variety of 
techniques; and finally (3) to evaluate the performance of 
Fe-Biotite for effective Ag(I), Hg(II), As(V), Cr(III), Pb(II), 
Th (IV), U(VI), removal from aqueous solution. 

Experimental and Methods 

Materials 

All reagents used were of analytical grade, Aluminum 
silicate Al2SiO5 (BHD), anhydrous sodium carbonate 
Na2CO3 (GPR), Ferric oxide Fe2O3  were mixed in the 
chemical compositions corresponding to synthesizing 
{NaFe2.5(Al,Si)4O10(OH)2}, which have chemical formula of 
Fe-Biotite.  

Clay's synthesis  

The sample of synthetic free-fluoride Fe-biotite was 
prepared carefully by using solid-state reaction technique 
with nominal compositions of individual oxides in the main 
formula, aluminum silicate Al2O3.SiO2 (10.7 g), sodium 
carbonate (anhydrous) Na2CO3 (0.8g), ferric oxide Fe2O3 

(3.5 g). The powder mixtures were mixed in a ball mill and 
then blending to make a homogeneous mass with uniform 
distribution of particle size and composition. The green 
compacted metals powder were heated in a controlled 
atmosphere furnace to a temperature below its melting point 
in sealed platinum container at 900-950 °C for 9 h, followed 
by sintering step at 880 °C to allow packed metal powders to 
bond together and finally, annealing step that the 
temperature have gradual decrease till reach room 
temperature. 

Adsorbent characterization techniques 

X-ray diffraction  

The X-ray diffraction pattern was obtained using an X'Pert 
SW. X-ray diffractometer with filtered CuKα radiation 
(λ=1.54 Å), at 40 Kv and 30 mA. The scanning speed was in 
the range of 2θ=5-70 (298 K). To determine the crystal size, 
Debye-Scherrer equation was used.18  

 

 

where λ is the wavelength, β is the FHWM (full half width 
maximum) of Bragg's peak corrected using the 

corresponding peak in micron-sized powder and θ is the 
Bragg’s angle. 

Infrared spectrum 

The IR spectra were scanned on NICOLET 6700 FTIR 
Thermoscientific spectrophotometer using the KBr disc 
technique between (4000 and 400 cm-1). The method 
includes mixing few mgs of a fine powder of the sample 
with KBr powder in agate mortar. The mixture was then 
pressed by means of a hydraulic press. The transmittance 
was automatically registered against wave-number (cm-1).  

Scanning electron-microscope  

A Philips model XL 30 CP scanning electron microscope 
(SEM) was used to take micrographs of the clay samples.  

Electron spin resonance spectra  

The (ESR) spectra were taken using (Bruker Elexys.500) 
operated at X-band frequency for investigation with fixed 
parameters and were at microwave frequency: 9.71 GHz, 
receiver gain: 30, sweep width: 6000 center at 3480 Gs, and 
microwave power: 0.002026W. 

Thermal studies  

Thermo-gravimetric analysis (TGA) and differential 
thermal analysis (DTA) were carried out on using a 
Shimadzu DTA-50H thermal analyzer. The sample was 
placed in platinum crucible (0.1 cm3) the system were 
studied  under nitrogen atmosphere with a heating rate 10 °C 
min-1 and following rate at 20 ml min-1, constant weight of 
sample, 4.7 mg was used.  

Conductance measurements 

The dc conductance was measured over the temperature 
range 10-500 °C using A KEITHLEY 175 multi-meter 
(ASA). The pellet of synthetic Fe-biotite was sandwiched 
between spring loaded copper electrodes mounted into a 
specially designed temperature-controlled chromel-alumel 
thermocouple. Measurements were conducted in such a way 
that at each temperature, sufficient time was allowed to 
attain thermal equilibrium.  

The number of conduction electron n is given by:  

 

where n0 is the concentration of atoms at the lattice site, E𝐠 
is the band gap, and k is the Boltzman constant (assuming 
E𝐠 ≈ kT), the conductivity relationship becomes  

 

where  
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lg lg (5)
2.303

gE
A
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              A=nο eµ.       (4) 

 

 

The plot of log σ against 1/T should give a straight line 
with a slop of –E/2.303k. The measurements of σ as a 
function of temperature will permit calculation of the band 
gap energy Eg of materials behavior.  

Adsorption experiments  

Determination of distribution coefficient values of Fe-
biotite was performed by using a series of metal ions. The 
selected metal ions were Ag(I), Hg(II), As(V), Cr(III), 
Pb(II). The concentration of each metal ion solution was 
adjusted as (10mg L-1 of each). In a 50 ml measuring flask, 
for each experiment, (2 g) of sorbent material was 
suspended in 50 mL of metal ion solution19 the flask was 
shaken and kept the solution for 24 h at room temperature. 
The pH was adjusted as previous studies. The specific 
adsorption of Pb2+ ion was examined at the pH about 4 to 
avoid the hydrolysis, at higher PH values, and the 
dissolution of biotite, at lower pH values.20 The optimum pH 
for adsorption silver ions from aqueous solution was found 
to be 4.0.21 Arsenate sorption onto biotite shows a broader 
maximum in the pH range 4.6–5.6.23 The optimum pH value 
appeared to be about 5.0, at lower pH (<5), Hg(II) was in the 
free ionic form of Hg2+ 23 and Cr(III) sorption was found to 
be at pH 5.0.24 The pH adjusted by additions of non-
complexing substances such as HNO3 or NaOH. And did 
not observe desorption to the solution directly in contact 
with biotite. This mixture was filtered using whatman filter 
paper 40 ashless/circles 125 mm diameter. The 
concentration of metal ion in the sample, standard and blank 
solutions were determined by atomic absorption analysis 
(AAS) and the amount of each metal sorbed by sorbent was 
calculated by difference.  

The adsorption removal efficiency () of heavy metals 
from aqueous solution was calculated as follows: 

 

 

where C0 and Cf are the liquid-phase concentrations of 
heavy metal before and after adsorption, respectively.  

Evaluation of the metal binding properties is considered 
more convenient by the distribution coefficient (Kd) when 
possible concentrations of the tested metal ions are at very 
low concentration levels, especially in the range of ppm or 
ppb. The Kd value is determined from Eq. (7) (in ml/g) 

 

 

 

where v is the volume of the solution (mL) and m is the 
weight of adsorbent (g). 

The uranyl nitrate (UO2(NO3)2) and thorium dioxide 
(ThO2) solutions of given concentration, volume was added 
to a conical flask containing the synthetic Fe-biotite. The 
mixture was shaken and left at room temperature and pH 4.0 
for 24h. The uranium (VI) and thorium (IV) in solution was 
determined by using CARY 400 scan UV-VIS 
spectrophotometer at 652 and 660nm respectively. The 
amount of adsorption at equilibrium time t,qe (mg/g), was 
calculated by: 

 

 

where C0 and Ce are the liquid-phase concentrations of 
uranium(VI) and thorium(IV) at the initial concentration and 
equilibrium time, respectively; v the volume of the solution 
(mL); W is the mass of dry adsorbent used (g). The 
adsorption removal efficiency of uranium (VI) and thorium 
(IV) from aqueous solution was calculated as described 
above. 

Results and Discussion 

Characterization of synthetic Fe-biotite 

Biotite (ideal formula [NaFe2.5(Si,Al)4O10(OH)2] is a 2:1 
phyllosilicate mineral with tightly held, non-hydrated 
interlayer cations. The 2:1 layer has octahedrally 
coordinated cations sandwiched between two sheets of Si, 
Al tetrahedra. The main cations in the octahedral layer are 
divalent iron Fe(II), and the interlayer ion is mainly Na. that 
cause expansion of the interlayer regions due to an exchange 
of non hydrated K with Na.  

The analysis of the corresponding 2θ values and the inter-
planner spacing d(A˚) were carried out using computerized 
program indicating that, the X-ray crystalline structure 
mainly belongs to a monoclinic phase in major beside few 
peaks of silicate(Fig.1).   

 

Figure 1. XRD pattern of fluoride-free Fe-biotite . 

The crystal size of detected phase was calculated using 
Scherer's equation and found to be 56 nm. This indicates 
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that, the actual grain size in the material bulk is smaller than 
that detected on the surface morphology.  

The FTIR spectra of Fe-biotite, was reported in Fig. 2. 
The spectrum of Fe-biotite shows infrared bands of OḤ 
stretching at 3420 cm−1 and Sị-O-̣Si bending at 1030 cm−1.25 
Fe-biotite also shows a wide and intense band at 1490 cm−1 
and two weaker bands at 829 and 529 cm−1. The last band is 
due to OḤ bending Fe3+ hydration water. 

Figure 2. FTIR spectra of fluoride-free Fe-biotite 

TGA and DTA thermographs (Supplementary material 
and Fig.3) represent the synthetic (Fe-biotite) clay. TGA 
curve exhibit three main steps of weight loss. Initial step (T< 
400 °C) a weight loss (about 5%) corresponding to both 
adsorbed and interlayer water loss takes place. Second step, 
the TGA curve shows a gradual decrease (about 2.3%) in the 
range 450-500 °C which is attributed to water loss. Finally, 
a third main loss occurs at temperatures in the range 630-
830°C , where the TG curve displays a step weight loss 
(about 3.4 %) related to release of structural OH of Fe-
biotite.  

Figure 3. DTA curve  of fluoride-free Fe-Biotite sample . 

DTA curve of Fe-biotite, shown in (Fig. 3), illustrate 
endothermic peak at 187 °C due to dehydration effect, 
followed by exothermic peak at 220 °C is associated with 
the formation of structure.26 

The ESR spectra of Fe-biotite were shown (Fig. 4). The 
spectrum recorded one intense absorption band at high field, 
which is isotropic due to the tumbling motion of the 
molecules. The magnetic susceptibility of 1.81 BM for 
Fe(II) indicates the presence of one unpaired electron, 
showing the structure is mononuclear in nature. This fact is 
also evident from g signal which appear at a lower magnetic 
field 3800 G. The observed g-value suggests that one ESR 
signals originates from Fe ion situated on an interstitial 
site.27  

The SEM micrograph of the synthetic Fe-biotite sample 
was shown in (Fig. 5). It is seen from figure that Fe-biotite 
shows irregular platelets-like structure which have ragged 
edges and form sub-rounded flakes. SEM of Fe-biotite 
indicates that the well crystallized clay sample contains 
stacked flasks of large particles which give low specific area 

little incorporation of impurities in the clay minerals.  

Figure 4. ESR spectra of free-fluoride Fe-Biotite sample 

The temperature dependence of the electrical conductivity 
of synthetic Fe-biotite shows remarkable hysteresis Fig.(6). 
The electrical conductivity at a given temperature is 
significantly lower after heating than before. In order to 
investigate the hysteresis of conductivity, we conducted 
stepwise heating experiments of biotite. With increasing the 
temperature the conductivity decreases and gradually 
reaches a stationary value. Then the temperature was 
increased to the next value. The conductivity increase at a 
fixed temperature is not significant below 450 °C.  

 

 

 

 

 

 

Figure 5. SEM of free-fluoride Fe-Biotite sample 

Remarkable increase is observed at the temperature of 
450-500 °C. The conductivity increase is not significant 
above 500 °C. The conductivity at a fixed temperature does 
not change during cooling.28 The band gap energy was 
calculated from fig.6 found be -140 JK-1. Mica has a 
possibility as ionic conductors because they are a layered 
compound having interlayer cations.29  
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Micas with smaller interlayer cations, e.g. Na-type have a 
higher possibility as the ionic conductors.Removal of heavy 
metals from aqueous solution by using synthetic Fe-biotite. 
Sorption is a transfer of ions from liquid phase to the solid 
phase. Recently, adsorption has become one of the 
alternative treatment techniques for wastewater laden with 
heavy metals. Basically, adsorption is a mass transfer 
process by which a substance is transferred from the liquid 
phase to the surface of a solid, and becomes bound by 
physical and/ or chemical interactions.30  

In general, there are three main steps involved in pollutant 
sorption onto solid sorbent:  

(i) the transport of the pollutant from the bulk 
solution to the sorbent surface;  

(ii) adsorption on the particle surface; and  

(iii) transport within the sorbent particle.  

Technical applicability and cost-effectiveness are the key 
factors that play major roles in the selection of the most 
suitable adsorbent to treat inorganic effluent. 

Figure 6. Temperature dependence of the electrical conductivity of 
free-fluoride Fe-Biotite  

The Atomic absorption spectrophotometric analysis of 
heavy metals after adsorbed on synthetic Fe-biotite revealed 
that a high level of adsorption was that the percentage 
removal of Ag(I), As(V), Pb(II), Cr(III) and Hg(II) ion by 
the adsorbent in solution would interact with the binding 
sites and thus facilitated reached to 99.8%, 69.3%, 
33%,28%,11% and adsorption and Kd values were 14681 
mg L-1 , 56.4 mg L-1, 12.3 mg L-1, 9.72 mg L-1, 3.1 mg L-1, 
and respectively.  

The synthetic mica gave high removal efficiency (% E) 
and good distribution ratio (Kd) value for uptake of 
investigated heavy metals from 10 ml g-1 background 
solution and thus proving that synthetic free-fluoride Fe-
biotite is capable of removing these cations from 
contaminated water or soil because better access of the 
interlayer space due to reduced charge.31  

As a general rule, the relative adsorbent affinity for a 
metallic cation increases with the cation ability to form inner 
cation sphere coordination complexes. For a same valence 
cation series, this tendency is positively related to metallic 
ionic radius.32  

For each sorbent element, Figs. (7a-f) and Figs. (8a-e) 
plots the XRD and FTIR respectively, of each element 
sorbed and retained on the sorbent in the sorption 
experiments against its initial concentration in the sorption 

solution (ICSS).  

Figure 7.a-e. XRD of Fe-biotite after Ag, Hg, As, Cr and Pb-
adsorption 

Diffractograms of the samples and FTIR Figs. (7a-f) and 
Figs. (8a-e) respectively showed that structures after 
adsorption of heavy metals almost changed than the original 
before treatment. The peaks centered between 2930 cm-1 
and 2360 cm-1 are due to the presence of KBr disc used as a 
“matrix” and therefore are not diagnostic of any mineral.33  
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The characteristic of synthetic Fe-biotite peak at 36 (2θ) 
was reduced to about 33(2θ). One would expect that it 
should be due to the heavy metal removal process.34 The 
metal uptake is attributed to different mechanisms of ion-
exchange and adsorption processes.35 During the ion-
exchange process, metal ions move through the pores of the 
biotite and channels of the lattice, and they replace 
exchangeable cations (mainly sodium) and additionally 
exchange with protons of surface hydroxyl groups.  

Figure 7f. Removal efficiency values of Fe-biotite towards 
different heavy metals cations solutions. 

In the case of exchange with sodium, Naً+(biotite) + 
Mً

+
(solution)→ Mً

+
(biotite)+ Naً+(solution) reaction, in which sodium 

ions placed on the biotite surface exchange with the metal 
ions (M+) in the solution, occurs. When the exchange site is 
a hydroxyl group, biotite–OH(biotite) + Mً

+
(solution) ً → biotite–

O–M(biotite)  +H+
(ًsolution) exchange reaction occurs and in this 

case, metal ions (M+) exchange with the H+ ions.  

Figure 8a and b. FTIR spectra for Fe-biotite after (a) Ag-
adsorption, (b) after Hg-Adsorption 

Diffusion was faster through the pores and retarded when 
the ions moved through the smaller diameter channels. The 
ion-exchange processes in biotite are affected by several 
factors such as concentration and nature of cations, pH and 
crystal structure of the biotite. The effect of these 
parameters has been investigated in several studies due to 

the importance of biotite’s mineral stability in the 
applications of biotite as an ion exchanger.36,37 These data 
confirm that, the cation selectivity of Fe-biotite towards the 
investigated metals that captured through silicate layers.   

Figure 8c-e. FT-IR spectra of Fe-biotite (c) after As adsorption; (d) 
after Cr adsorption; (e) after Pb adsorption  

Uptake of thorium and uranium cations by newly synthetic Fe-

biotite 

Depending on the structure of the adsorbent, several 
diffusion mechanisms become dominant and sometimes 
only two or three of them compete or cooperate. The 
dominant mechanism also depends on a combination of 
adsorbate, adsorbent and adsorption conditions, such as 
temperature and concentration range.38  

The adsorption of thorium ion onto the biotite is mainly 
affected by the surface hydroxyl groups of the adsorbent. 
The silicon atoms at the surface tend to maintain their 
tetrahedral coordination with oxygen. They complete their 
coordination at room temperature by attachment to 
monovalent hydroxyl groups, forming silanol groups. 
Theoretically, a pattern in which one silicon atom bears two 
or three hydroxyl groups, yielding silanediol and silanetriol 
groups respectively is possible. It has already been reported 
as improbable that silanetriol groups exist at the silica 
surface.39,40 The types of silanol groups and hydrous oxide 
surface groups in alumina are given in Fig. 11.39 These 
groups give the adsorption property to perlite, similar like 
biotite.  
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Figure 9a and b. X-ray diffraction patterns of Fe-biotite after (a) 
Th- adsorption, (b) U-Adsorption . 

It seems that once U(VI) ions are adsorbed and have 
penetrated into the interlayer region, they become 
immobile.41 This statement is partly supported by the 
observation that U(VI) was partially reduced to U(IV) on 
ferrous mica.42 

 

 

Figure 10a and b. Infrared absorption spectra recorded after U and 
Th capture on the Fe-biotite . 

The result showed higher efficiency removal for uranium 
than the previous studied which reported that the maximum 
amount of uranium sorbed onto each individual mineral was 
different and ranged from 48% of the initially added 
uranium for quartz, 58% for albite, 70% for muscovite and 
chlorite, to 97% for phyllite 

 

 

Figure 11. The types of silanol groups and the hydrous oxide 
surface groups in alumina  by Dogan et al.29 

 

Conclusions  

The conclusive remarks inside this paper can be briefed as 
follows: 

1. Green synthesis of fluoride-free NaFe2.5(Al,Si)4O10 
(OH)2  for remediation of contaminated effluents has been 
developed. 

2. Fe-biotite shows moderate to strong strength as cation 
selective ion exchanger for the tested toxic metals 

3. Sorption of heavy metal ions by Fe-biotite was 
established according to the aforementioned group of 
BATNEEC (best available technology not entailing 
excessive costs) treatment technologies as a standard 
process has been developed. 
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INVESTIGATION ON THE EFFECT OF PARTICLE SIZE AND 

ADSORPTION KINETICS FOR THE REMOVAL OF Cr(VI) 

FROM THE AQUEOUS SOLUTIONS USING LOW COST 

SORBENT. 

R. Hema Krishna[a]* and A. V. V. S. Swamy[b] 

Keywords: Adsorption, Cr (VI) ions, powder of calcined brick, Particle size, Adsorption Kinetics, Langmuir Lagergren rate constant. 

The potential to remove Chromium (VI) from aqueous solutions through sorption using powder of calcined brick (PCB) was investigated 

using batch tests. The influence of physico-chemical key parameters such as the initial metal ion concentration, agitation time and the 

particle size of adsorbent have been considered in batch tests. The optimum results were determined at an initial metal ion concentration 

was10 mg L-1, agitation time – 60 min, and the  particle size ( 0.6 mm). The % adsorption, Lagergren rate constant (Kad (min-1)=6.60 x 10-2 

for Cr(VI)10 mg L-1) were determined for the adsorption system as a function of sorbate concentration .  The kinetic data obtained were 

fitted to pseudo first order model.  

 

 

* Corresponding Authors 
Tel; 001-6475026323 
E-Mail: hkravuri32@gmail.com; arzavvsswamy1962@gmail.com 

[a]  Department of chemistry, University of Toronto, 
Ontario, Canada. M3J 1P3 

[b]  Department of Environmental Sciences, Acharya 
Nagarjuna University, India-522510. 

Introduction 

Heavy metal pollution has been increasing with the 
diversifying industrial activity. Industries such as textiles, 
dye industry, drugs and pharmaceutical industries, tanning, 
electroplating, etc., use heavy metals in considerable 
quantities. The heavy metals are used as catalysts and are 
recovered as far as possible and ultimately discharged along 
with the wastewater generated in the industry. Their abuse 
harms the living systems. For that matter any ‘matter’ in a 
wrong concentration, in a wrong place and in a wrong time 
is named as a ‘pollutant’. The modern technology developed 
by the man, not only depleted the wealth of nature but also 
created environmental degradation. The problem of water 
pollution due to heavy metals and their impact on 
environment is presently the focus of international attention. 
The removal of heavy metals was also tried with zeolite and 
crystal gravel in combination with porous iron. The removal 
was tried not only from aqueous solutions but also from the 
urban storm water. The presence of heavy metals in the 
sewage water had been the main problem in the sewage 
treatment plants of the urban areas.  Hence there have been 
efforts to remove the heavy metals from the sewage before 
they are let out in to the natural systems1 have studied the 
efficiency of the porous iron individually and in 
combination with zeolite and crystal gravel, in the removal 
of coexistent heavy metals from simulated urban storm 
water.  The equilibrium data of their study demonstrated a 
good fit with the Freundlich model and showed affinity in 
the order: Cd > Zn > Ni > Cu > As > Cr studied2 the 
removal of Cr(VI) using hydrous concrete particles which 
had Si, Al, Fe, Ca and Mg as Major components. They 
compared the adsorption free energy of HCrO4

- and CrO4
2-  

and reported hydrous concrete particles good adsorbent. 
Low cost materials like linseed straw, pressed sludge cake, 
coal dust, pyrolysed tyre, and sugar beet pulp and leather 
hide powder had been used.  Modified cellulose was also 
reported in literature by Navarro3 and Bandyopadhyay4 
studied removal of Cr(VI) on sand as well as in combination 
with activated carbon too. They came out with some 
interesting facts that mixed adsorbent becomes effective at 
high dosage (≥2.5 g/100 ml) and also in good agreement 
with Langmuir adsorption isotherm. They concluded that 
adsorption is more favorable for mixed adsorbent as 
compared to activated carbon alone. In choosing a waste 
water treatment technology, factors like nature of pollutants, 
permissible limits and economy of the treatment method 
have to be considered. Recent research of selective and 
sensitive methods for the determination of metals in water at 
trace levels. Among available methods, adsorption appears 
to have least adverse effects. The use of waste material from 
industries and agriculture for the removal of metal ions 
which reduces the treatment cost, and also provides a 
solution for the solid waste management of the industries. 
Most of the industries cannot afford to use conventional 
wastewater treatment methods due to their high cost. It is 
expected that the present work in this publication may fulfill 
the aforesaid requirement partially. The present study 
includes the studies on the effect of particle size and 
adsorption kinetics on removal of chromium(VI) ions using 
powder of calcined brick. The efficiency of this adsorbent 
was studied and maximum adsorption and lowest 
equilibrium time for this adsorbent was recorded. The 
present work helps the individual organizations to remove 
the excess concentrations of the chromium(VI) from their 
effluents within their premises without much effort and time. 

Experimental 

Adsorbent: Easy availability, economical to use and 
proven potential for other metals, have been the reasons for 
selection of this adsorbent Powder of calcined brick (PCB) 
was used to adsorb chromium (VI). 
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Powder of calcined brick (PCB): The calcined bricks were 
collected from the kiln and powdered. The powder was 
soaked for 24 hours in distilled water and then thoroughly 
washed for 4 to 5 times.  The powder was in air and sieved 
to select 0.6 mm sized particles. 

Measurement of moisture content: Ten grams of the 
adsorbent powder was taken into a Petri dish and overheated 
for two hours. After heating the plates were instantaneously 
placed in a desiccator. The powder thus cooled and 
weighted. The difference between initial and final weights 
was taken as the moisture content. 

Preparation of metal-ion solution: The chromium(VI)   
was estimated using standard methods.  AR grade chemicals 
and double distilled water were used for all the analyses.  
The concentrations of the metal ions were estimated using 
UV-visible spectrophotometer (ELICO SL 150) 

Standard chromium Solution: Potassium dichromate AR 
grade was used to prepared standard chromium(VI) solution.  
2.830 g of potassium dichromate was weighed and taken 
into 1000 ml volumetric flask.  

Analysis of chromium(VI): The metal ion concentrations 
were estimated by adoption the procedures described in the 
methods. Chromium(VI) was estimated using UV–VIS 
spectrophotometer (ELICO-SL 150) by diphenyl carbazide 
(DPC) method. Different dilutions of Cr(VI) solutions 
containing less than 30 mg L-1 of chromium concentrations 
were added with 2.5 ml of diphenyl carbazide solution. The 
diphenyl carbazide solution was prepared by dissolving 200 
mg of diphenyl carbazide in 100 ml of 95% alcohol.  The 
contents were mixed with an acid solution of 40 ml of 
concentrated H2SO4 and 360 ml of distilled water.  The 
contents were refrigerated for not less than 24 hrs, and to a 
maximum of one month. The absorbance was measured in 
the UV–visible spectrophotometer at 540 nm. The reagent 
blank was also measured following the same procedure.  A 
calibration curve was prepared for Cr(VI) standard solutions 
and absorbance. The concentration in the sample was 
established by reading from the calibration curve. The 
results for a heavy metal concentrations were expressed in 
mg L-1 while those of the concentration equilibrium, 
equilibrium time, and adsorption capacity etc., were 
compared with the Langmuir and Freundlich isotherms  

 

Batch equilibrium method: All experiments were carried 
out at room temperature (27 0C) in batch mode. Batch mode 
was selected because of its simplicity and reliability. The 
experiments were carried out by taking 50 ml metal ion 
sample (AR grade) in a 100 ml Erlenmeyer flask and after 
pH adjustments; a known quantity of dried adsorbent was 
added. The flasks were agitated at 165 rpm for 
predetermined time intervals using a mechanical shaker until 
equilibrium conditions were reached. After shaking, the 
suspension was allowed to settle. The residual mass 
adsorbed with metal ion was filtered using whatman 42 filter 
paper (Whatman International Ltd., Maid Stone, England), 
filtrate was collected and subjected for metal ion estimation 
using UV-visible spectrophotometer (ELICO SL 150). The 
values of percent metal uptake by the sorbent (sorption 

efficiency, ζ) and the amount of metal ion adsorbed (qe) has 
been calculated using the following relationships  

   100
i f
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          (2) 

 

where,  

Ci - initial concentration of metal ion in the solution,  

mg L-1 

Cf - final concentration of metal ion in the solution,  

mg L-1 

m -  mass of adsorbent, g L-1 

v -  volume of solution (lit) 

qe -  amount of metal ion adsorbed per gram of 
adsorbent. 

Control experiments were carried out and the average 
values of duplicate runs were obtained and analyzed (error: 
±1-2% for percentage removal and ±0.005-0.01 mg g-1 for 
amount adsorbed). The adsorbents selected were very 
common and eco-friendly. The work mainly helps in 
bringing bio sorbents into   use to handle the heavy metals.   

Results and Discussion 

The characteristics of PCB like bulk density, loss on 
ignition, pH, and silica as SiO2 were discussed in the Table 
1. 

Table -1 Characteristics of PCB 

 

 

 

 

 

Effect of Initial Metal Ion Concentration and Equilibrium 

Time  

Equilibrium experiments were carried out by agitating 
50ml of different concentrations of chromium(VI) solutions 
(10-30 mg L-1) adjusted to pH 2.0 with 200 mg of adsorbent. 
After equilibrating for different time periods, the solutions 
were centrifuged and analyzed for chromium (VI) content. 
Cr(VI) adsorption as a function of time and different 
concentrations were shown in (Table 2). It was evident that 
the equilibrium time was independent of initial 
concentration. The rate of uptake was rapid in the beginning 
and became slow in the later stages of the adsorption 
process.  

Parameter  Value 

Bulk density  1.3207 

Loss on ignition   2.70  
pH  7.67 

Silica as SiO2  61.30 

Calcium as Ca  0.24 

Sodium as Na  0.05 
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Table 2 Adsorption of Cr (VI) and % of removal for different agitation times. 

 

Table 3.  Adsorption of chromium (VI) on different particle sizes (mm) of the  adsorbent 

  

 

Particle size in mm 

 

Agitation time, min 

0.6 mm 0.8 mm 1.7 mm 
q, mg L-1 qe-q ζ, % q, mg L-1 qe-q ζ, % q, mg L-1 qe-q ζ, % 

10 1.33 1.68 40.18 1.13 1.53 34.20 0.94 1.40 28.40 

20 2.09 0.92 62.75 1.75 0.91 52.50 1.47 0.87 44.22 

30 2.48 0.53 74.69 2.12 0.54 63.85 1.82 0.52 54.74 

40 2.77 0.24 83.11 2.43 0.23 72.95 2.08 0.26 62.50 

50 2.94 0.07 78.02 2.60 0.06 78.02 2.21 0.13 66.46 

60 3.01 - 90.58 2.66 - 80.05 2.34 - 70.13 

70 3.01 - 90.58 2.66 - 80.05 2.34 - 70.13 

80 3.01 - 90.58 2.66 - 80.05 2.34 - 70.13 

 

The adsorbate metal ions preferentially, occupied many of 
the active sites in a random manner resulting in rapid uptake 
of Cr(VI) ions. As the time passed, the active sites were 
blocked and hence the rate decreased. For maximum 
removal of chromium(VI) by the adsorbent, the solutions 
should be equilibrated for 60 min irrespective of the initial 
concentration. The curves observed in (Figure 1) were single, 
smooth and continuous indicating the formation of 
monolayer coverage of the adsorbate on the surface of the 
adsorbent.  

 

Figure 1  The relationship between time of agitation and % 
removal  

Similar trend has been reported for bituminous coal and 
photo film waste by Nagesh et al5 and Selvaraj et al.6 The 
amounts of Cr(VI) adsorbed were found to be 2.03, 3.75 and 
5.16 mg g-1 for chromium (VI) at the concentrations of 10, 
20 and 30 mg L-1, respectively, by PCB. 

Effect of Particle Size 

To study the effect of particle size, adsorbent particles of 
sizes 0.6 mm, 0.8 mm and 1.7 mm were used. In each study 
150 mg of adsorbent in 50 ml of 10 mg L-1 of Cr(VI) 
solution was agitated to equilibrium time of 60 min, the 
adsorbent was separated and the supernatant solution was 
analyzed for chromium concentration and the values are 
noted in (Table 3), the amounts adsorbed for 0.6 mm, 0.8 
mm and 1.7 mm  particle size were 3.01, 2.66 and 2.34 mg 
g-1, respectively. It is evident from (Fig. 2). That increase in 
particle size decreased the percent removal. At a fixed 
adsorbent dosage, the decrease in particle size increases the 
metal uptake. The increase in the uptake by smaller particles 
was due to the greater accessibility to pores and to the 
greater surface area for bulk adsorption per unit mass of the 
adsorbent.  

Similar trend had been observed on removal of Cr(VI) by 
using Pitchellobium dulce benth.7 

 

  

 

Concentration of Chromium (VI) in mg L-1 

Agitation time, min 10 mg L-1 20  mg L-1 30 mg L-1 
q, mg L-1 qe-q ζ, % q, mg L-1 qe-q ζ, % q, mg L-1 qe-q ζ, % 

10 0.94 1.09 37.76 1.34 2.41 26.81 1.54 3.62 20.60 

20 1.47 0.56 56.98 2.28 1.47 45.78 3.02 2.14 40.33 

30 1.72 0.31 68.80 2.93 0.82 58.65 3.75 1.41 50.04 

40 1.86 0.17 74.40 3.28 0.47 65.79 4.41 0.75 58.92 

50 1.96 0.07 78.66 3.59 0.16 71.87 4.92 0.24 65.71 

60 2.03 - 81.37 3.75 - 75.07 5.16 - 68.80 

70 2.03 - 81.37 3.75 - 75.07 5.16 - 68.80 

80 2.03 - 81.37 3.75 - 75.07 5.16 - 68.80 



The effect of particle size and adsorption kinetics for the removal of Cr(VI) from aq. solutions   Section B – Research Paper 

 

 

Eur. Chem. Bull. 2012, 1(7), 258-262   DOI: 10.17628/ecb.2012.1.258-262 261 

0

20

40

60

80

100

0 50 100

TIME (min)

%
 R

E
M

O
V

A
L 0.6mm

0.8mm

1.7mm

 

Figure 2 Relationship between particle size,% removal at different 
times.  

Adsorption Kinetics 

The kinetics of Cr (VI) adsorption followed the first order 
rate. Eqn. (1) given by Lagergren was: 

    (3) 

 
 

where q and qe were the amounts of metal ion adsorbed (mg 
g-1) at time t (min) and at equilibrium time, respectively and 
Kad was the rate constant of adsorption (min-1).  From the 
Fig. 3 it was evident that, the linear plots of lg(qe-q) vs time 
at different concentrations show the applicability of the 
Lagergren equation. Lagergren rate constants using equation 
(4) were determined. Plots of lg(qe-q) vs t for different initial 
metal ion concentrations are shown in Fig. 3 and  rate 
constants calculated for the adsorption of Cr(VI) were given 
in Table 4.  

 

Figure 3 Relation between log values of initial concentration and 
different times 

 
The rate constants were more or less constant. The rate 
constants are comparable with those reported in the 
literature.8 

Table 4 Calculated rate constants for different chromium(VI) 
concentrations 

Cr(VI) (mg L-1)  Rate Constant Kad (min-1) 
10  6.60 x 10-2 
20  6.49 x 10-2 
30  6.37 x 10-2 

Effect of Particles Size on Lagergren Rate Constant 

The effect of particle size on the rate of adsorption was 
shown in (Fig. 4) and the rate constant Kad values calculated 
are given in Table 5. For the adsorption of Cr(VI), increase 
in particle size from 0.6 mm to 1.7 mm decreased the rate of 
adsorption from 6.01 x 10-2   to 4.37 x 10-2  min-1. The higher 
rate of metal uptake by smaller particles was due to greater 
accessibility to pores and greater surface area for bulk 
adsorption per unit weight of the adsorbent9 have stated that 
the breaking up of larger particles to form smaller ones 
opens some tiny sealed channels that will be available for 
adsorption and therefore the rate of uptake by smaller 
particles was higher than that larger particle. 

Table 5 Lagergren rate constants calculated for different particle 
sizes (mm)  

Particle size (mm) Rate Constant Kad (min-1) 

0.6 6.01 x 10-2 

0.8 5.21 x 10-2 

1.7 4.37 x 10-2    

 

Figure 4. Relationship between different particle size and time of 
adsorption. 

 

Conclusion 

In this study the batch removal of toxic hexavalent 
chromium ions from aqueous solutions using powder 
calcined brick was investigated.  

K
lg( ) lg

2.303

ad
e eq q q t 
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It is evident that decrease in particle size increases the 
percent removal haxavalent Cr (VI) ions. The 81.37% 
removal of chromium (VI) was observed at 10mg/50 ml of 
adsorbent dose. The higher kinetic rate of metal uptake by 
smaller particles was due to greater accessibility to pores 
and greater surface area for bulk adsorption per unit weight 
of the adsorbent .The chromium(VI) uptake by the powder 
of calcined brick followed pseudo first order rate model. 
Hexavalent chromium metal removal with the above 
adsorbent appears to be technically feasible, user-friendly, 
eco-friendly, economical process and with high efficacy.  
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COMPARATIVE STUDY OF THE ESSENTIAL OILS OF 

MONODORA MYRISTICA FROM NIGERIA 

I. A. Owokotomo[a]* and O. Ekundayo[b] 
 

Keywords: Essential oil; Monodora myristica; Hydrodistillation; Nigeria 

The essential oils from seeds and stem-bark of Monodora myristica (Annonaceae) growing wild in south western Nigeria and used as spice 

in many parts of Nigeria were extracted by hydrodistillation and analysed by GC- MS. The percentage yields of oils were 2.16%v/w and 

0.25%v/w, respectively. The essential oil of seeds contained germacrene D-4-ol (25.48%), tricyclo[5.2.1(1,5)dec-2-ene (13.35%), δ-

cadinene (11.09%) and linalool (15.10%) as major constituents while the dominant constituents of the stems-bark oil were γ-cadinene 

(31.31%), α-elemene (17.98%), α-cubebene (6.70%) and γ-muurolene (5.94%). The major constituents of the seeds oil of Monodora 

myristica from Nigeria were compared based on literature.   
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Introduction  

Monodora myristica (Annonaceae) commonly known 
as ‘Ariwo’ in South Western Nigeria is a tropical tree that 
grows wild in many African countries including 
Nigeria.1,2 Nutritional value of M. myristica centres on its 
usefulness as a seasoning because of its aromatic flavor. 
The kernel obtained from the seeds is a popular 
condiment used as spicing agent in both African and 
Continental cuisines in Nigeria.3  The seeds are aromatic 
and used as stimulating addition to snuff and medicine.4  

There are several reports of its medicinal use; the bark 
is used in the treatments of stomach-aches, febrile pains, 
eye diseases and hemorrhoids. 5  In Central African 
Republic, the seeds are used as condiment and drug in the 
treatment of headache and hypertension.6 The antisickling 
effect of M. myristica has also been demonstrated.4  
Earlier determination of the chemical constituents of the 
seeds reveals the presence of Fiberro-latic oils, resins, 
terpene, lactose, arocine, saponins, flavonoids and 
tannins.7  

M.myristica seeds seem to be the major research focus 
around the globe. Literature report on the essential oils 
from other parts of the plant is scant. Also significant 
variation exists in the composition of the seeds essential 
oils of this plant published in literature, especially from 
Nigeria. In view of these, we investigate the essential oil 
compositions of the seeds and stem-bark of Monodora 
myristica grown in Nigeria and compared the seeds’ 
essential oils based on literature.       

Experimental 

Plant materials 

The seeds and stems-bark were collected at a farm at 
the bank of River Igbeta in Iwaro-Oka, Ondo state, South 
West Nigeria. The identification was done at the Forest 
Research Institute of Nigeria, Ibadan.   The seeds  and the  

stem-bark (cut into beans) were air dried and then 
pulverised using a fast rotating blender. The samples 
were then separately subjected to hydro distillation using 
an all glass Clevenger- type apparatus8  for 3 hours. The 
essential oils collected were kept in the refrigerator at 00C 
before GC-MS analysis without any further treatment.  

Gas chromatography/mass spectrometry analysis 

The essential oils were analysed using GC-MS Agilent 
6890N GC Coupled with MS-5973-634071Series .The 
capillary column type was DB-1MS [30.0 m (length) 
X320.00µm (diameter) X1.00µm (film thickness)]. The 
carrier gas was Helium at constant flow rate of 1.0ml/min 
and average velocity of 37cm/s; the pressure was 0.78psi. 
The initial column temperature was set at 1000C (hold for 
2min) to the final temperature of 2500C at the rate of 
50C/min, Volume injected was 1.0µL and split ratio was 
50:1. The total chromatogram was auto-integrated by 
Shem-Station and the constituents were identified by 
comparison with published mass spectral database 
(NIST02.L) and data from literature. 

Results and Discussion 

Percentage yield 

The percentage yield of essential oil of seeds and stem-
bark were 2.16% and 0.25% v/w respectively. 

GC-MS analysis 

A total of forty-two compounds were identified in the 
essential oils of the seed and stem-bark of Monodora 
myristica. The seed oil contained twenty-two compounds 
while twenty compounds could be identified in the stem-
bark oil (Table 1).  

In the seed oil, germacrene-D-4-ol (25.48%), 
tricyclo[5.2.1(1,5)]dec-2-ene (13.35%), δ-cadinene 
(11.09%) and linalool (15.10%) were the major 
constituents while the dominant constituents of the stem-
bark oil were γ-cadinene (31.31%), α-elemene (17.98%), 
α-cubebene (6.70%) and γ-muurolene (5.94%). 
Caryophyllene and γ-muurolene were the only two 
constituents common to both the seeds and the stem-bark 
oils of M.myristica. tricyclo[5.2.1(1,5) dec-2-ene found in 
the seeds oil had not been previously reported.  
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Table 1. Chemical composition of the essential oils of seed and stem-bark of  Monodora myristica        

                                              

Chemical compounds                  Retention times,  min  Percentage composition (%)  

                   Seeds  Stem-bark   

                                                             

γ-terpinene           2.16    1.31   - 

linalool           2.37    15.10   - 

trans-p-menth-2-en-1-ol        2.49    1.23   - 

cis-p-menth-2-en-1-ol                          2.60      0.93   - 

1,2,3,4-tetramethylcyclobutene       2.78     1.37   - 

1,3-dimethyl-1-cyclohexene        2.81    0.92   - 

α-terpineol           3.04    3.35   - 

tricyclo[5.2.1(1,5)]dec-2-ene        3.21    13.35   - 

hydroxymethyl furfuraldehyde       3.50     1.81         - 

p-thymol           4.27    1.39   - 

p-fluoroanisole          4.47    1.64   - 

α-cubebene           5.80      -                 6.70 

α-bergamotene          5.99      -        1.31 

caryophyllene          6.42    1.17             5.42  

α-farnesene           6.84      -        1.87 

α-guainene                                           7.01    0.77            - 

β-guainene           7.05     -        0.92  

γ-cadinene           7.16    0.80   - 

γ-muurolene          7.46    1.35     5.94       

β-pachoulene                                        7.80    2.10   - 

1,2,4a,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)naphthalene 7.95     2.26             - 

α-elemene           7.97     -                17.98 

2-isopropyl-5-methyl-9-methylenebicycle[4.4.0]dec-1-ene   8.22    6.73     -                 

-cadinene           8.46    11.09   - 

γ-cadinene           8.58      -               31.31 

acoradiene           8.94      -                          4.35 

dehydroarionine (TDN)        9.06    -   0.96  

cis-nerolidol                      9.46     -    7.62  

germacrene-D-4-ol                 9.47      25.48        -                                

β -germacrene            9.66      -    0.96                                                                       

3-(4-methoxyphenylamino)pyrrolidine-2,5-dione                  9.79     -      0.81                                  

guaiol                    9.91    -                  1.79 

2, 2, 4, 8-tetramethyltricyclo[5.3.1.0(4, 11)]undec-8-ene        10.09    -                1.90 

cadinadiene            10.44    -                  3.00 

copaene                10.72       -                           2.71 

α -cadinol                                                     10.78                            1.74                      -  

cadala-1(10), 3, 8-triene                                     11.02                            -                          0.93 

α–bisabolol                                                   11.53                            -                           1.16 

4-(3-methyl-2-butenyl)-1H-indole                     13.53                             -                           1.06                      

4-chloro-N, N-diethylbenzenamine                 16.03                           1.62                      -  

                        

The presence of p-thymol would account for the 
antimicrobial activity9 of the M. myristica seed oil while 
the presence of hydromethyl furfuraldehyde (HMF) may 
be an indicator to toxicity. 10  Literature reports on the 
chemical constituents of the seed essential oils of M. 
myristica in Nigeria present great variations (Table 2). 
C.C. Igwe et al. reported 11  α-phellandrene epoxide 
(3.02%), carvacrol (2.09%) and -cadinene (2,21%) as 
the major constituents of a Nigerian sample of M. 
myristica seed oil, Owolabi et al. reported 12 
geranial(40.1%), neral (29.74%) and myrcene (11.3%) in 
yet another sample from Nigeria. While Onyenekwe et al. 
generated 13  α-phellandrene (50.4%), α-pinene (5.5%), 
myrcene (4.35%) and germacrene-D-4-ol (9.0%).  

The oils of the seeds of M. myristica obtained now was 
similar to the oils of  Owolabi’s12  and Onyenekwe’s 13 
oils, only the presence of cadinene (11.09%) and 
germacrene-D-4-ol (25.48%), respőectively were the 
differences. The presence of myrcene also showed a little 
similarity between Owolabi’s12 and Onyenekwe’s oils.13 
Igwe’ oil11 was completely different from the remaining 
three oils from Nigeria.   

The reasons for this variation may possibly be the 
origin of the fruits, which were not certain in many cases; 
Owolabi et al (2009) purchased the seeds used for their 
analysis at Agege market in Lagos, Nigeria and presumed 
it to have originated from south west Nigeria. 
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Table 2. Comparison of the percentage (%) composition of the major components of the seeds essential oils of Monodora myristica 
variously reported from Nigeria. 

Compounds                             Lagos         Agege Lagos              Kaduna               Iwaro-Oka 

                     

α.phellandrene epoxide            3.02                     -                               -                         - 

α-phellandrene                        -                         -                               50.4                   - 

carvacrol                                 2.09                     -                                -                        - 

-cadinene                               2.21                     -                               -                        11.09 

geranial                                      -                         40.1                          -                          - 

neral                                           -                          29.7                         -                          - 

myrcene                                     -                          11.3                       4.35                   - 

germacrene-D-4-ol                     -                           -                            9.0                      25.48 

α-pinene                                      -                           -                            5.5                      - 

linalool                                        -                           -                             -                      15.10 

tricylo[5.2.1.0(1,5)]dec-2-ene     -                           -                              -                     13.35 

                    

 

Also the kind of treatments the fruits underwent after 
the harvest may be another important reason. In 
explaining this type of variation in the chemical 
constituents of Xyllopia aethiopica from Benin, Ayedoun 
et al.14 explained that the α-pinene and the sabinene could 
vary respectively from 4 to 16% and 3 to 36% according 
to whether the fruits were boiled or smoked before the 
drying. 

In conclusion, the constituents of the seeds and stem- 
bark essential oils of Monodora myristica in this study 
were quite different chemically and the presence of 
hydromethyl furfuraldehyde in the seed oil raised some 
health concerns as this substance is toxic. The major 
composition of oils of Monodora myristica as reported 
from Nigeria were so different that one could not be sure 
whether this large differences were due to environmental, 
genetic or some procedural differences. Thus further 
studies would be required to determine these differences.   
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The productivity and demand of wax in the world market has been reviewed. The production and consumption of wax, candle and 

ranking of manufactures in the world market have also been discussed. The production capacity and importance of quantity of Chinese wax 

have also been a matter of evaluation. The complete development of wax products has resulted in good economic and social benefits around 

the world.   
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INTRODUCTION 

In an oil refinery, wax is one of the important chemical 

materials. It is white to pale-yellow in colour, gelatinous, 

crystalline and water-insoluble substance. Its main content 

consists n-paraffin. Its carbon number, molecular weight, 

distillation range and density are 16-32, 300-540, 350 °C -

500°C and 0.880-0.915, respectively.1 Wax plays an important 

role in the global industrial processes such as lighting, 

packaging, farming, chemicals, rubber, medicine and in 

homecare products, etc. China is number 1 in production and 

consumption of wax in the world. The production and 

consumption of wax in China has reached to a tune of 16 and 

7.81  million tons  respectively in 2011.2   

In the present paper, the production, consumption and 

requirement of wax and candles and the manufactures ranking 

in the world market have been reviewed, with a fact of 

comparison between the production capacity and import quality 

of the Chinese wax. 

DISCUSSION  

The output and consumption of wax in the world 

Fan Xiaoya 3 introduced it as one of the suppliers to the 
output and requirement of wax in the countries such as 
America, Canada, China, West European area, other 
Asian countries (excluding China), South America and 
some other parts of the world. Table 1 shows the use of 
wax and its products such as candle, packaging, and 
synthetic wood, hot-melt adhesive, rubber, antirust 
additive, soap wax, man-made wood, makeup and other 
such materials. The total consumption of wax at global 
level has reached up to 3025 kt. The production of 
candles has also reached 1470 kt, which was almost half 
of the total wax production in the world. Candles are very 
popular for their use in lightening and decoration.  
However, the output and percentage of makeup materials 
has been raised to 38 kt and 1.3%, respectively. Table 2 
shows production and consumption of wax around the 
world. USA and Canada top the list in production and 
consumption the world that are 930 kt and 940 kt, 
respectively. The export quality production of wax in 
China has now reached up to 300 kt per year. The excess 
amount of wax around the world was 95 kt per year. 

Table 1. Consumption of wax around the world (kt) 

Products America 

and Canada 

China West 

Europe  

Asian 

other areas 

South 

America 

Other areas Total Percentage, % 

Candle 130 450 290 210 180 210 1470 48.6 

Packaging 410 22 75 64 30 35 636 21.0 

Synthetic wood 110 15 70 17 30 15 257 8.5 

Hot-melt adhesive 54 8 36 12 2 2 114 3.7 

Rubber 36 8 30 120 6 140 102 3.4 

Antirust additive 45 6 35 14 1 1 102 3.4 

Soap wax  70     70 2.3 

Man-made wood 54  3    57 1.9 

Makeup 27 100 6 1 1 2 38 1.3 

Others 74 20 350 20 10 20 179 5.9 

Total 940 600 580 350 260 295 3025  
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Table 2. Production and consumption of wax in the world (kt) 

 

Countries Production Consumption Supply and Demand  

USA/Canada 930 940 Import 10 

China 900 600 Export 300 

West Europe areas 640 580 Export 60 

Asian other areas 190 350 Import 160 

South America 180 260 Import 80 

World other areas 280 295 Import 15 

Total  3120 3025 Excess 95 

 

The consumption and requirement and manufactures 

ranking of the wax and candles around the world 3  

Table 3 shows the manufactures ranking of wax 
productivity around in the world. 24 manufactures are 
recorded till the end of the year 2011.  

Total wax products amount has reached 62.93 
million tons per year around the world. The wax output of 
CNPC and Sinopec in China was No.1 in the world. 
However, the wax output of Repsol and Cepsa Company in 
Spain only had 0.66 million tons. 

Table 4 presents the consumption and requirement 
of wax and candle in 2011. China was one of the biggest 
wax production countries. However, the wax production 
of Latin America only had 2.60 million tons per year.  

 

 

On the other hand Asian countries (excluding China) 
and North America have huge wax consumption market. 
They have a demand of about 12 million tons of wax 
production for their national markets. It has also been 
noticed that the consumption of candle in China was 
fourteen times of North American and European markets.     

Table 5 shows production and import of Chinese wax. 

There were more distribution of waxes in Northeast of China 

such as Yanshan, Dalian, Fushun, Jinxi and Daqing. They were 

about half of the production of Chinese wax done by these areas 

collectively. It has also been noticed that the one fourth of the 

total Chinese wax production is done by those plants which are 

situated near seashore area. Food grade quality and completely 

refined wax were about 5% and 50% of Chinese total wax 

production, respectively.4 

Table 3. Ranking of manufactures of wax products in the world (million tons) 

 

Name of the Company Countries and areas Production 

CNPC and Sinopec China 16.33 

ExxonMobil Corp. USA, Canada and Europe 10.62 

Shell Oil Europe, Singapore and Malaysia 5.87 

Sasol Wax Europe and South Africa 5.45 

Lukoil Russia 3.45 

Venezuela National Oil Company Venezuela 2.12 

IGI Company USA and Canada 1.09 

Petrobras Brazil 1.60 

H&R Chemisce Germany 1.45 

Flying J/BigWest Oil USA 1.36 

Calumet Lubricants Co. USA 1.27 

Naftowax Poland 1.27 

TOTAL France 1.24 

AGIP Petroli Italy 1.24 

Citgo Lubes & Waxes USA 1.18 

Petro-Canada Lubricants Canada 1.20 

Marathon Oil Corp. USA 1.06 

Nippon Siero Co. Japan 0.85 

BP,CORP. England 0.82 

Turkish Petroleum Company Turkey 0.76 

Sonneborn Products Company USA 0.69 

Ergon Regining Company USA 0.69 

Cepsa Company Spain 0.66 

Repsol Company Spain 0.66 

Grand Total (production)  62.93 
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Table 4. The consumption and requirement of wax and candles in the year 2011 (million tons) 

Areas Output Consumption Consumption of candle 

North America 9.98 14.77 4.54 

Europe 8.98 9.52 4.11 

Latin America 2.60 5.32 2.66 

Africa and the Middle East - - 3.05 

Asia (including China) 20.5 19.81 4.60 

China 16 7.81 59.90 

 

Table 5. Production and import of Chinese wax (million tons) 

 

CONCLUSION  

Wax is used as high value product for energy reserve in 
the world. It not only provides various good products for 
general public, but increases petrochemical plant revenue 
also. It is an urgent need for Chinese scientists to expedite the 

technical innovation and advancements in good way so that 
one can improve the international competition ability of 
Chinese wax industries to satisfy market’s requirement 
enterprises and to utilize wax sources in a reasonable. 
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Unit Total 

output 

Fully 

refined 

wax 

Semi-

refined 

wax 

Food 

grade 

wax 

Crude 

quality 

wax 

Soap wax Others  Import 

yield 

Incremental 

yield 

Yanshan 6.2367 0.2635 5.9672 0.0060    0.8100 2 

Dalian 16.9049 3.6955 2.6429 5.0866 4.1347 1.3452  5.6456 3 

Fushun 22.1638 5.4645 10.9573 0.2010 0.3275 5.2135  5.1944 15 

Jinxi 3.2186  1.8001   1.4185  0.9557  

Daqing 13.0773 0.0140 12.6222 0.1779 0.2220 0.0552  8.9290 2 

Gaojiao 10.8195 1.4019 6.4534  1.5655  1.3987  3 

Jinan 1.0202    1.0202     

Luoyang 0.1541  0.1541       

Jingmen 7.5395  2.9824  0.7686  0.0324 1.4354 2 

Maoming 8.1736  2.1812 0.0422  0.6720  4.3247 2 

Lanzhou 2.8857  0.6064  0.7943 1.4850   10.5 

Jiangnan 1.0429  0.9409  0.1020     

Qingdao 0.0007 0.0007        

Jilin 0.0829 0.0829        

Yumen 0.0643  0.0643       

Nangchong 0.4627  0.3594  0.1843     

Total 93.8478 10.9230 47.7318 5.5137 9.1191 10.1894 1.4311 27.2948 39.5 
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EXTRACTION OF Ni(II) IONS INTO CHCl3 SOLUTION OF N,N’-

ETHYLENEBIS(4-BUTANOYL-2,4-DIHYDRO-5-METHYL-2-

PHENYL-3H-PYRAZOL-3-ONE IMINE) SCHIFF BASE 

J. Godwin[a], F. C. Nwadire[b] and B. A. Uzoukwu[c] 

Keywords: Extraction, Nickel(II),  N,N’-Ethylenebis(4-butanoyl-2,4-dihydro-5-methyl-2-phenyl-3H-pyrazol-3-one imine), Effect of pH 

and anions 

The extraction of Ni(II) ions in aqueous media was studied using chloroform solution of N,N’-ethylenebis(4-butanoyl-2,4-dihydro-5-

methyl-2-phenyl-3H-pyrazol-3-oneimine) (H2BuEtP) Schiff base as the organic extractant.  The synergistic effect of 4-butanoyl-2,4-

dihydro-5-methyl-2-phenyl-3H-pyrazol-3-one (HBuP) in these extractions were also investigated. The pH½ of extraction of Ni(II) was 

significantly lowered from a near neutral pH 7.14 ± 0.10 to an acidic region of 5.51 ± 0.10 when a mixture of the ligands was used. The 

partition coefficient (log KDNi1) 1.89 ± 0.05 (H2BuEtP) was same as (log KDNi2) 1.89 ± 0.02 (H2BuEtP-HBuP) while the extraction constant 

(log KexNi1) -12.39 ± 0.64 (H2BuEtP) was slightly less than (log KexNi2) -10.57 ± 0.10 (H2BuEtP-HBuP). Data analysis indicated that Ni(II) 

distributed slightly better into chloroform solution of H2BuEtP/HBuP as Ni(HBuEtP)(BuP)(o) than into a solution of  H2BuEtP as 

Ni(HBuEtP)2(o) . Mineral acids show a masking effect in the extractions in both ligand alone and mixed ligands systems while mixed 

ligands system was shown to be a better extractant system for Ni(II) ions in the presence of anions and auxiliary complexing agents studied. 

Acetate, fluoride, and phosphate ions gave the best percentage extractions and the extraction of Ni(II) ions with the ligand is more efficient 

at near neutral to basic pH 
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Introduction 

Schiff bases are compounds that contain the carbon-
nitrogen double bond traditionally connected to an aryl or 
alkyl group. Earlier studies on isolation and characterization 
of metal complexes of schiff bases have shown that they are 
capable of forming stable metal complexes with Cu(II) and 
Ni(II) and unstable metal complexes with Mo(VI), Co(II) 
and Cd(II).1,2 Derivatives of 1-Phenyl-3-methyl-4-acyl-
pyrazolone-5 are known for their complexation reactions 
with transition metals forming metal complexes with 
interesting coordination chemistry. 3,4,5,6 Most of the current 
systems used for extracting metals work best mostly at acidic 
pH. However, natural waters are at near neutral to basic pH, 
and much of the currently stored wastes are at very caustic 
conditions. Thus, there is high demand for ligands that can 
extract over a wide range of pH. 

In continuation of our earlier work on the synthesis, 
characterization7 of 1-phenyl-3-methyl-4-acylpyrazolone-5 
derivatives and extraction of metal ions with N,N’-
ethylenebis(4-butanoyl-2,4-dihydro-5-methyl-2-phenyl-3H-
pyrazol-3-oneimine) Schiff base, which has been 
successfully applied in the extraction of Lead(II)8 and U(VI) 
ions9, we report the application of the present Schiff base 
derivative of 4-butanoylpyrazolone as a potential extractant 
for Nickel(II) ions.  The  synthesis  provided  an  opportunity  

for a N=C-C-OH bonding moiety and extended the scope of 
coordination to involve tetradentate ligands from the initial 
bidentate 4-acylpyrazolone.   

In this study the solvent extraction of nickel(II) ions from 
aqueous media using N,N’-ethylenebis(4-butanoyl-2,4-
dihydro-5-methyl-2-phenyl-3H-pyrazol-3-oneimine) was 
investigated. Extraction of metal ions with the Schiff base 
N,N’ - ethylenebis(4 - butanoyl - 2, 4-dihydro - 5 - methyl–2-
phenyl-3H-pyrazol-3-one imine) has attracted little attention 
in the literature. Thus, the synergistic effect of 4-butanoyl-
2,4-dihydro-5-methyl-2-phenyl-3H-pyrazol-3-one with 
O=C-C=C-OH moiety  on the distribution behaviour of 
Ni(II) into a solution of predominantly N=C-C-OH bonding 
species and the effect of pH, acids, anions and auxiliary 
complexing agents on the extraction of Ni(II) from aqueous 
solutions was investigated. The aim of the study was to 
evaluate the potentials of the Schiff base N,N’-ethylenebis(4-
butanoyl-2,4-dihydro-5-methyl-2-phenyl- 3H-pyrazol-3-
oneimine) in the recovery of Ni(II) ions in aqueous media.  

Materials and Methods 

Reagents and Apparatus 

N,N’ - Ethylenebis(4 - butanoyl - 2,4 – dihydro - 5 - 
methyl-2-phenyl-3H-pyrazol-3-oneimine) (H2BuEtP) was 
synthesized by methods reported earlier.7 The ligand’s purity 
after recrystallization from aqueous ethanol was established 
by elemental analysis for C, H and N; analysis of IR and 
NMR spectral data at the Institute for Inorganic Chemistry 
Technology, University of Dresden, Germany. 

Stock solutions of 0.05 M H2BuEtP were prepared by 
dissolving appropriate amount of the ligand in CHCl3. Stock 
solutions of 0.05 M 4-butanoyl-2,4-dihydro-5-methyl-2-
phenyl-3H-pyrazol-3-one (HBuP) were also prepared by 

 

mailto:godwinj2012@gmail.com
mailto:nwadirefc@yahoo.com
mailto:uzoukwupob331@yahoo.co.uk


Extraction of Ni(II) with N,N’-ethylenebis(4-butanoyl-2,4-H2-5-Me-2-Ph-3H-pyrazol-3-one imine)                  Section A-Research Paper 

Eur. Chem. Bull. 2012, 1(7), 269-273   DOI: 10.17628/ecb.2012.1.269-273 

270 

dissolving appropriate amount of the ligand in CHCl3. Stock 
solutions of 1.704 x 10-2 M (1,000 mg/L) of Ni(II) were 
prepared by dissolving appropriate amount of ammonium 
nickel(II) tetraoxosulphate(VI) hydrate (2:1:2:6), 
(NiSO4.(NH4)2SO4.6H2O) in 0.1 mL of 10 M HNO3 and 
making up to mark in a 50 ml volumetric flask with 
deionized water. Buffer solutions were prepared with 0.1M 
HCl/0.1 M NaCl (pH 1.0-2.9), 0.1 M acetic acid/0.1 M NaCl 
(pH 3.0-3.5), 0.1 M acetic acid/0.1 M Na-acetate (pH 3.6-
5.6), and 0.1 M KH2PO4/0.1 M NaOH (pH 5.7-10.0). pH of 
the buffered solutions were determined with a Labtech 
Digital pH meter. Solutions of 0.001-3.0M mineral acid, 
0.001 - 1.0M anions or 0.0005M – 0.5M auxiliary 
complexing agent concentrations were prepared by diluting 
appropriate volumes of stock solutions of mineral acids or 
sodium salts of anions or auxiliary complexing agent. All 
experiments were performed at ionic strength of 0.1 M 
(NaClO4). 

Extraction Procedure 

2 mL aliquot of a buffer solution containing 8.52×10-4 M 
(50 mg/L) of Ni(II) ions and the desired pH of solution was 
prepared in a 10 ml extraction container. For extraction 
studies involving mineral acid or complexing agents, 2 ml 
aliquot of solution containing 8.52×10-4 M of Ni(II) ions and 
the desired mineral acid or complexing agent concentration 
was prepared in a 10 ml extraction container. An equal 
volume (2 mL) of chloroform solution of 0.05 M 
concentration of H2BuEtP or 0.05M H2BuEtP : 0.05 M 
HBuP (9:1 ratio by volume) was added and the mixture 
shaken mechanically for 30 minutes at room temperature of 
about 30 oC. A shaking time of 30 minutes was found 
suitable enough for attaining the equilibration. The phases 
were allowed to settle and separated. Concentration of Ni(II) 
ion in aqueous phase was determined with a Buck Scientific 
Atomic Absorption Spectrophotometer (AAS) 205 at 
wavelength of 232.0nm. Ni(II) ion concentration extracted 
into the organic phase was determined by the difference 
between the concentration of Ni(II) ion in aqueous phase 
before and after the extraction. Distribution ratio D was 
calculated as the ratio of metal ion concentration in the 
organic phase (Co) to that in the aqueous phase (C). Thus D 
= Co/C. 

Results and Discussion 

Effect of buffer solutions 

Extraction of Ni(II) from aqueous phase into an organic 
phase ‘(o)’ containing the ligand H2BuEtP can be 
represented by equation 

Ni2+ + H2BuEtP(o) Ni(BuEtP)(o) + 2H+                     (1) 

where H2BuEtP is a tetradentate ligand. It shows that the 
reaction should take place in the metal:ligand mole ratio of 
1:1. Thus the extraction constant Kex can be represented by, 

 

 

Figure 1. Plot of extraction of 8.52 x 10-4 M Ni(II) from buffer 
solutions into (a) chloroform solution of 0.05 M H2BuEtP and (b) 
chloroform solution of 0.05 M H2BuEtP-0.05 M HBuP in the 9:1 
ratio by volume 

The distribution ratio D = [Ni(BuEtP)(o)]/[Ni2+]).  
Substitution into equation (2) gives, 

lgD = lgKex+lg[H2BuEtP]+2pH                              (3) 

Extraction plots presented in Figure 1 show the effect of 
pH of solution on the distribution nature of Ni(II) into 
chloroform solutions of H2BuEtP and H2BuEtP-HBuP 
respectively. A slope of 2 was recorded in each of the graphs 
indicating that 2 moles of hydrogen ion was displaced during 
extraction in each of the different extraction systems. Slope 
analysis of extraction results presented in Figures 2a and 5a 
shows that one mole of the metal interacted with two moles 
of H2BuEtP. The probable reaction during the extraction 
process may therefore be represented as shown. 

 

Ni2+ +  2H2BuEtP(o)    Ni(HBuEtP)2(o) + 2H+            (4) 

 

The distribution ratio D=[Ni(HBuEtP)2(o)]/[Ni2+].  
Substitution into equation (5) gives, 

 

lgDNi1=lgKNiex1+2log[H2BuEtP]+2pH                           (6) 
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Figure 2. kgD-lg [H2BuEtP] plot of extraction of 8.52 x 10-4 M of 
Ni(II) from buffer solutions at constant pH of 6.7, 7.3, and 7.8 in 
the absence of synergist 

Figure 3. kgD-lg[H2BUEtP] plot of extraction of 8.52 x 10-4 M of 
Ni(II) from buffer solutions into chloroform solutions of ligands 
with [HBuP]  kept constant (5 x 10-3 M) 

In this study, it was observed that the extraction of Ni(II) 
ion increased with an increase in pH and reached a 
maximum at pH of 8.78 after that further increase in pH 
resulted in a decrease in the percentage extraction of Ni2+. 
Quantitative percentage extraction of 98.87% was obtained 
at pH of 8.78. The partition coefficient KNiD1 is given by 
KNiD1 = [Ni(HBuEtP)2(o)]/[Ni(HBuEtP)2] for which a value of 
1.89 ± 0.05 was determined for logKNiD1 from the graph. The 
pH½ was also found to be 7.14 ± 0.01. Data of all the 
extraction processes are recorded in Table 1. 

Figure 4. lgD-lg[HBuP] plot of extraction of 8.52 x 10-4 M of 
Ni(II) from buffer solutions into chloroform solution of ligands 
with [H2BuEtP] was kept constant (2.5 x 10-2 M) 

Effect of addition of HBuP on the distribution of Ni(II) 

Quantitative percentage extraction of 99.11% at pH of 7.85 
was obtained and there was a shift of pH1/2 to 5.51 ± 0.10, a 

more acidic region indicating that extraction of Ni2+   ions at 
lower pH values was more effective in chloroform solutions 
containing HBuP as a synergist. Uzoukwu et al10 obtained a 
similar result from their studies on the effect of chloride ion 
(Cl-) concentration on Cu(II) and Ni(II) ions using 1-phenyl-
3-methyl-4-trichloroacetylpyrazol-5-one. The partition 
coefficient KNiD2 is given by the equation of KNiD2= 
[Ni(HBuEtP)(BuP)(o)]/[Ni(HBuEtP)(BuP)], for which a 
value of 1.89 ± 0.02 that was statistically same with lgKNiD1 
was determined from the graph in Fig. 1b. 

Plots of log D against pH in the mixed ligands system in 
figure 1b gave a slope of 2 indicating that 2 moles of 
hydrogen were displaced during the extraction process. 
Interaction between Ni(II) and H2BuEtP in the presence of 
HBuP at constant pH 6.0, 6.5 and 7.0 in fig 3 and fig 4 all 
gave a slope of 1 confirming 1 mole of both ligands were 
involved in the interactions. Combining these results with 
metal variation plots in the presence of synergist in figure 5b, 
the probable reaction during the extraction process can 
therefore be represented as; 

 

Ni2++H2BuEtP(o)+HBuP(o)↔Ni(HBuEtP)(BuP)(o)+2H+ (7) 

 

 

where [HBuP] is constant and incorporated in KNiex2. The 
distribution ratio DNi2=[(Ni(HBuEtP).BuP(o))]/[Ni2+], on 
substitution into Eqn. (8) gives, 

 

lgDNi2=lgKNiex2 + log[H2BuEtP] + 2pH                       (9) 

 

 

Figure 5. lg D-log [Ni(II)] plot of extraction of Ni(NI) from buffer 
solutions into chloroform solutions of ligand 0.05 M H2BuEtP (b) 
mixture of 0.05 M H2BuEtP and 0.05 M HBuP in a 9:1 ratio 
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Table 1. Extraction data of the influence of pH of aqueous phase on the extraction of 8.52 x 10-4 M of Ni(II)   into organic solutions of 0.05 M 
H2BuEtP and  mixture of 0.05 M H2BuEtP-0.05 M HBuP (9:1) ratio at room temprature of 30 oC (ionic strength of 0.1 M NaClO4) 

 

Effect of mineral acids, anions and auxiliary complexing agents 

on the distribution of Ni(II) 

Results presented in fig 6 show that extraction of nickel is 
masked in the presence of mineral acids as percentage 
extraction was less than 10% even in the presence of the 
HBuP at all concentrations of the various mineral acids used 
in this study as was observed in the extraction of Pb(II) with 
most mineral acids with same ligand system.8 This can be 
attributed to the formation of unextractable hydrophilic ion 
pair nickel anionic species in acidic media even in the 
presence of H2SO4 which could be responsible for poor 
percentage extractions in the acidic regions in plots of 
extraction of Ni(II) ions in buffered media shown in Fig 1. 

Figure 6. Plot of % extraction of 8.52 x 10-4 M Ni(II) from 

mineral acid solutions into (a) 0.05 M H2BuEtP solution (b) 

0.05 M H2BuEtP-0.05 M HBuP (9:1) solution 

The effect of anions on the distribution of Ni(II) ions in 
Fig. 7 indicate that chloride ion show the least enhancing 
effect (with an highest % extraction of 30) in the extraction 
of Nickel with the ligand H2BuEtP while phosphate ion gave 
the highest percentage extraction (99.43%) of Ni(II).  In 
most cases, at anion concentrations above 0.01M the 
percentage extraction starts to decrease. This trend was also 
observed in the mixed ligands organic phase. The results in 
fig 7b clearly show that a mixture of H2BuEtP- HBuP/CHCl3 
was a better extractant than H2BuEtP/CHCl3  for Ni(II) ions, 
as the  following  increases   in   percentage   extraction   was 

 

 

 

Figure 7. Plot of % extraction of 8.52 x 10-4 M Ni(II) from 
solutions of anions into (a) 0.05 M H2BuEtP solution (b) 
0.05 M H2BuEtP-0.05 M HBuP (9:1) solution 

observed; Cl- (29.18% to 58.71%), I-(56.8% to 97.5%), PO4
2- 

(95% to 99.9%), SO4
2- (41.83% to 67.05%), NO3

- (47.68% to 
95.2%) and CH3COO- (85% to 90.59%) at 0.01M 
concentration of ions. Most of the results on the effect of 
these anions follow trends observed in the distribution of 
Pb(II) using the same ligand system.8  

From the results presented in Fig 7, the influence of 
auxilliary complexing agents on the extraction of Ni(II) ions 
was not appreciable as all percentage of extraction was less 
than 50% at all concentrations of complexing agents used for 
the study except for F- ion at 0.5M when H2BuEtP only was 
used. There was an increase in % extraction when a mixed 
ligand H2BuEtP/HBuP  organic phase was used as > 50% 
extraction of Ni(II) was obtained in all complexing agents 
except EDTA. The % extraction decreases at concentrations 
above 0.005M of complexing agents in both type of ligand 
system, except for fluoride and tartrate ions. For fuoride ion, 
the % extraction increases steadily from 44.1% at 0.0005M 
to 99.6% at 0.5M whilst, for tartrate, from 52.5% at 0.0005M 
to 70.3% at 0.1M. 

 

Organic Phase lg Kex pH½  lg KD Species extracted 

 

0.05 M H2BuEtP -12.39 ± 0.64 7.14 ± 0.10 1.89 ± 0.05 Ni(HBuEtP)2(o) 

0.05 M H2BuEtP-0.05 M HBuP (9:1) mixture -10.57 ± 0.52 5.51 ± 0.10 1.89 ± 0.02 Ni(HBuEtP)(BuP)(o) 
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Figure 8: Plot of % extraction of 8.52 x 10-4 M Ni(II) from 
solutions of auxiliary complexing agents into (a) 0.05 M H2BuEtP 
solution (b) 0.05 M H2BuEtP-0.05 M HBuP (9:1) solution  

H2BuEtP solution (b) 0.05 M H2BuEtP-0.05 M HBuP (9:1) solution  

Conclusion  

The study on the distribution of Ni(II)  in buffered medium 
with chloroform solution of H2BuEtP alone and 
H2BuEtP/HBuP mixture show that the pH1/2  shifted from 
7.14 ± 0.10 in H2BuEtP alone to an acidic region of 5.51 ± 
0.10 in a mixture of the ligands system. The partition 
coefficients were; H2BuEtP alone KNiD1 1.89 ± 0.05 and 
H2BuEtP/HBuP mixture KNiD2 1.89 ± 0.02, indicating that in 
buffered media there was no noticeable difference in the 
distribution of Ni(II) ions into H2BuEtP alone as 
Ni(HBuEtP)2(o) and into H2BuEtP/HBuP mixture as 
Ni(HBuEtP)(BuP)(o). The extraction constant log KexNi1 -
12.39 ± 0.64 < log KexNi2 -10.57 ± 0.52 indicates that 
H2BuEtP/HBuP mixture was slightly a better extractant in 
buffered media than H2BuEtP alone. 

All mineral acids used for the study show less than 10% 
extraction of Ni(II) in both H2BuEtP alone and mixture of 
ligands  H2BuEtP/HBuP  organic phases as against the above 
50%  in almost all the anions except chloride ion in  
H2BuEtP alone. Combining this observation with % 
extraction of Ni(II) ions with the ligand in buffered media, 

we conclude that extraction of Ni(II) ions with the ligand 
alone or its mixture with HBuP is better in alkaline medium. 

From results of the effect of anions and auxilliary 
complexing agents on the extraction of Ni(II) ions, we may 
confirm that the mixture of ligands H2BuEtP/HBuP was a 
better extractant for Ni(II) ion than H2BuEtP alone 
collaborating the calculated physicochemical parameter 
values from distributionion of Ni(II) ions in buffered media. 

Though extraction of Ni(II) ions can be obtained in acidic 
pH between 4 – 6 with a mixture of the ligands, the optimal 
conditions for the extraction of Ni(II) ions was in the mixture 
of ligands H2BuEtP/HBuP organic phase in the presence of 
phophate ion at ≤ 0.01M, acetate ion at ≤ 0.1M and fluorude 
ion at ≤ 0.5M in near neutral to alkaline condition were ≥ 
99% extraction of Ni(II)  ions was obtained. 
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The aims of the review are the collection, concise description and evaluation of the multivariate mathematical-statistical methodologies 

used for the elucidation of the similarities and dissimilarities among retention parameters measured under various chromatographic 

conditions and the determination of the relationship between the physicochemical parameters and chromatographic retention behaviour of 

solutes. 
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Introduction 

Chromatographic technologies have been developed and 
successfully applied for the analysis of a considerable 
number of organic and inorganic compounds of different 
molecular mass even present in complicated accompanying 
matrices at the trace level.  

The rapid development of the capacity of personal 
computers and the corresponding softwares allowed the 
reliable evaluation of chromatographic retention data 
measured under different conditions (application of a wide 
variety of stationary and mobile phases), etc. The extraction 
of maximal information of large data sets is practically 
impossible by the application of the traditional linear 
regression model. Multivariate regression technologies 
overcome this difficulty making possible the simultaneous 
evaluation of a considerable number of variables and 
observations.  

Theoretical studies 

The number of papers dealing with the development and 
application of various MLR techniques is rapidly growing. 
These methods improve the separation capacity and 
information content of the chromatographic separation 
process. Thus, multivariate statistical methods and pattern 
recognition methods were developed for the detection of 
differential protein expression from pre-processed LC-MS 
data.1  

The modification of the three-way PARAFAC model has 
also been recently reported.2  

Health care 

The relationship between the carotid and femoral plaque 
burden and the -linolenic acid (ALA) proportion of serum 
phospholipids in subject with primary dyslipidemia has been 
investigated in detail. The investigations were carried out by 
using gas chromatographic (GC) technique for the 
assessment of fatty acid composition of serum  
phosphatidylcholine and  various methods for the study of 
plaque outcomes (frequency, number, maximum height and 
sum of plaque height). The results were evaluated by 
multivariate regression analysis Before analysis the data 
were adjusting for age, gender, lipid genotype, smoking, 
hypertension, diabetes mellitus, BMI, APOE4 genotype, 
prior station treatment. Calculations indicated that the 
concentration of ALA in serum phoshatidylcholine and 
plaque formation in carotid and femoral arteries is 
negatively correlated. The consumption of ALA enriched 
foods is proposed.3  

The level of p-cresylsulfate and indoxyl sulfate was 
determined  at different stages of chronic kidney disease 
(CKD) using ultra performance liquid chromatograhy and 
the relationship between the concentration of toxic 
compounds and biological parameters was elucidated by 
multivariate regression analysis. It was established that the 
amount of p-cresylsulfate and indoxyl sulfate was highly 
correlated in the samples. It was further found that the 
concentration of p-cresylsulfate and indoxyl sulfate 
increased linearly with the decline of renal function.4  

The compounds 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK) and its metabolite 4-(methylnitrosamino)-
1-3-pyridyl-1-butanol (NNAL) were analysed using liquid 
chromatography-tandem mass spectrometry. The 
investigates were motivated by the fact that both NNK and 
NNAL are considered as biomarkers for cigarette smoking. 
The objective of the investigation was the elucidation of the 
impact of NNK and NNAL on the urothelial carcinoma 
(UC) risk. The relationship between chromatographic and 
biological parameters was assessed by multivariate logistic  
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regression. It was concluded from the data that the amount 
of NNK and NNAL in urine be used for the detection of 
urothelial risk.5  

Gas chromatography combined with mass spectrometry 
(GC-MS) has been used for the elucidation of 
socioeconomic factors on exposure to persistent organic 
pollutants such as organochlorine pesticides (OCPs). The 
relationship between the GC-MS results and the maternal 
social class was elucidated by multivariate regression 
analysis. Calculation revealed that the amount of OCPs in 
placenta markedly depended on the maternal social class.6  

The prenatal exposure to OCPs has been investigated in 
detail. Gas chromatographic technique was applied for the 
analysis of OCPs, and the level of thyroid-stimulating 
hormone (TSH) was measured in 220 placentas. 
Multivariate regression analysis was employed for the 
elucidation of the relationship between pesticide exposure 
and neonatal TSH levels. The calculations indicated that 
endrin, encosulfan-sulfate, hexaxchlorobenzene, and p,p’-
DDE exerted a marked influence of the TSH level, while the 
other pesticides showed no activity.7  

Simple linear and stepwise multiple linear regressions 
were employed for the determination of the corelations 
between urinary catechol levels and some physicochemical 
parameters. The concentrations of noradrenaline, adrenaline 
and dopamine were assessed by high performance liquid 
chromatography (HPLC). Regression models were applied 
for the elucidation of the relationships between 
catecholamine levels and age, gender, BMI z-score, systolic 
BP z-score, diastolic BP z-score, and apnea hypopnea index 
(AHI). Significant relationships were found between 
noradrenaline and AHI (r=0.32) and age (r=-0.20, p<0.05 
for both), between adrenaline and AHI (r=0.27) and age (r=-
0.25, p<0.05 for both). Systolic BP z-score and diastolic z-
score correlated with adrenaline (r=0.22 and r=0.20, 
respectively, p<0.05 for both). Multivariate methods 
established that AHI was a significant independent predictor 
of noradrenaline, similarly only AHI and age were were 
significant predictors of adrenaline.8  

Multivariate logistic regression analysis was applied for 
predicting prostate cancer (CaP). The parameters included in 
the calculations were results of Western blot, liquid 
chromatography mass spectrometry, expression patterns of 
PCA3, and TMPRSS2. Calculations indicated that the 
combination of single biomarkers such as prostate-specific 
antigen, gene-based, protein-based and metabolite-based 
markers can be employed for the earlier detection of CaP.9  

Multivariate logistic regression has also found application 
in the early detection of hepatocellular carcinoma (HCC) 
one of the most common malignancies in the word. Samples 
were analysed by two-dimensional gel electrophoresis and 
HPLC. Control patients, patients with liver cirrhosis and 
HCC were included in the experiments. It was established 
that the application of multivariate logistic regression for the 
evaluation of various biochemical and biophysical data sets 
increase considerably the efficacy of the detection of CaP.10  

The presence of acrylamide metabolised in workers 
exposed to acrylamide (AA) was measured using liquid 
chromatography-electron ionization/tandem mass 

spectrometry (LC-ESI-MS/MS). The metabolites included 
in the investigations were N-acetyl-S-(2-carbamoylethyl)-
cystein (AAMA), N-acetyl-S-(1-carbamoyl-2-hydroxyethyl-
cystein (GAMA2) and N-acetyl-S-(carbamoyl-2-
hydroxyethyl-cysteine (GAMA3). The enyzmes involved in 
the detoxification process were cyrochrom P450 2E1 
(CYPE1), micosomal epoxide hydrolase (mEH) in exon 3 
and exon 4, glutathione transferase  (GSTT1) and  
(GSTN1). It was concluded from the data that GSTM1 
genotypes modify considerably the excretion of urinary 
AAMA.11  

The correlation between the concentration of asymmetric 
dimethyarginine (ADMA) in plasma has been investigated 
by using HPLC combined with multivariate analysis. The 
measurements and calculation indicated that the 
concentration of ADMA was significantly higher in patients 
with significant coronary artery disease (CAD). Furthermore, 
calculations revealed that plasma ADMA level is a 
significant independent risk factor.12  

Helix pomatia agglutinin binding glycoproteins (HPA) 
were isolated from specimens of various thyroid tumors and 
analysed by affinity chromatography, SDS-PAGE and 
western blotting. The data were analysed by Cox regression 
analysis. The investigations were motivated by the possible 
effect of HPA on cellular glycosidation and found 
considerable differences between the profile of HPA-
binding glycoproteins of specimens of various thyroid 
tumors.13  

The influence of the concentration of N-acetylaspartate 
NAA on the amyotropic lateral sclerosis (ALS) has been 
studied by using liquid chromatography mass spectrometry 
and multivariate logistic regression analysis. Regression 
analysis proved the strong relationship between the serum 
NAA level and the presence of ALS. The results suggest 
that serum NAAmay be a useful biomarker.14  

A GC-MS method was employed for the determination of 
the metabolic profile of  Type 2 diabetes mellitus using 
multivariate resolution method and Monte Carlo PLS—DA. 
Metabolites suitable as biomarkers were lactate, alanine, cc-
hydroxybutyric acid, phosphate seine, pyroglutamic acid, 
palmitic acid, stearic acid, palmitic acid, 1-monopalmitin 
and cholesterol.15 

Pharmaceuticals 

Multivariate regression methods have been frequently 
used for the evaluation of the chromatographic analysis of 
pharmaceuticals. Thus, the simultaneous detection and 
quantitation of paracetamol (PAR) pseudoephedrin 
hydrochloride (PSE), and dextromethorphan hydrobromide 
(DEX) in tablets was reported. As the spectrograms of the 
analytes were considerably overlapping the data were 
evaluated by PCA and principal component regression 
(PCR). The calculations proved that the multivariate 
methods make possible the correct separation of analytes. 
The recoveries were between 0.96.1–100.2% and 97.1–
100.4%, the relative error of prediction was 0.5–6.7 and 
0.8–7.0% for PLS and PCR, respectively. The results 
obtained by HPLC and the multivariate methods were not 
significantly different. It was established that the method 
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applies a simple mobile phase and shorter analysis time, 
does no require internal stadard and gradient elution.16  

A HPLC technology was applied for the  simultaneous 
determination of clavulanic acid (CA) and amoxycillin 
(AMO). Analytes were detected using Fourier transform 
technique coupled with ATR/FTIR. The data were analysed 
by using various calbration model such as PLS, interval PLS 
(iPLS), synergy PLS (siPLS), and backward PLS (biPLS). 
Multiplicative scatter correction and mean centering 
produced th ebest models. Relative standard error of 
prediction were 3.8 and 5.1 % for CA and AMO %, 
respectively. It was stated that the method can be applied for 
the simultaneous analysis of CA and AMO in commercial 
pharmaceutical products.17  

HPLC-DAD coupled with partial least squares 
multivariate calibration was applied for the simultaneous 
determination of potassium guaiacol sulfonate (PG), 
guaifenesin (GU), diphenhydramine HCl (DP) and 
carbetapentane citrate (CP) in syrups. It was stated that the 
new HPLC-DAD method applies a simple mobile phase and 
shorter separation time. It was further established that the 
method does not require internal standard and gradient 
elution.18 

Chromatographic profiling and multivariate analysis was 
applied for the screening and quantifying the contributions 
from individual components of traditional chinese medicine. 
It was established that the method is suitable for the 
assigning bioactivity to individual components in extracts 
from natural products.19  

A chromatographic and spectroscopic data fusion analysis 
was developed for the study of photodegradation processes. 
Results of  HPLC-DAD-MS and UV-Vis were evaluated by 
hybrid hard- and soft modelling multivariate curve 
resolution. The photodegradation of ketoprofen was 
investigated with this method. Four degradation products 
were identified: (3-(1-hydroperoxyethyl)benzophenone, 3-
acetylbenzophenone, 3-(1-hydroxyethyl)benzophenone and 
3-ethylbenzophenone). The method was proposed for the 
study of photodegradation processes.20  

Food and food products 

Quantitative structure-retention relationship methods were 
employed for the study of the correlations between 
molecular structure and retention behavior of essential oils. 
The calculations included genetic algorithm and multiple 
linear regression (GA-MLR), partial least square (GA-PLS), 
kernel PLS (GA-KPLS) and Levenberg-Marquardt artificial 
neural network (L-MAAN). The correlation coefficients 
between the measured and calculated characteristic were in 
each case significant: GA-MLR 0.886; GA-PLS 0.912; GA-
KPLS  0.937; and L-MANN 0.964.21  

Similar calculations were carried out on a matrix of 
retention indices of essential oils. It was established that 
GA-KPLS can be applied as an alternative modeling tool for 
Quantitative Structure Retention (QSRR) studies22  

The GC retention indices of 100 components of essential 
oils were measured on three GC coumns of different polarity. 
QSRR models such as ridge regression, PLS, Kernal 
orthogonal projection to latent structure (KOPLS) were 

developed for the elucidation of the relationship between 
calculated molecular parameters and retention parameters. It 
was found that linear model using only one variable 
(solvation energy) explains 95 – 94 % of variance. The 
application of PLS and ridge regression resulted in elevated 
predictive power.23  

Various analytical technologies were employed for the 
following of the ageing of madeira wines. The methods 
included were UV-vis, GG-MS. and HPLC-DAD The 
volatile and phenolic composition of the samples were 
separately determined. Multivariate prediction models were 
used by applying PLS regression to each chemical data set. 
The calculations indicated that the complicated GC-MS and 
HPLC-DAD methods are leading to more precise results, 
however, UV-vis can also been applied for the prediction of 
the age of madeira wines.24  

Stir bar sorptive extraction method (SBSE) coupled to 
GC/MS was employed for the separation and quantitative 
determination of the composition of the arome profile of 
Sherry brandies Analysis of variance indicated that some 
volatile compounds show considerable differences. Principal 
component analysis (PCA) established that only one sherry 
differed markedly from the others. Partial least squares 
discriminant analysis (PLS-DA) proved the capacity  of the 
method to discriminate among samples. The results of linear 
discriminate analysis were highly similar.25  

Quantitative structure-property relationships technologies  
(QSPR) were developed for the prediction of the 
lipophilicity of food preservatives employing MLR and 
genetic algorithm (GA) methodologies. Parameters included 
in the calculations were theoretical molecular descriptors 
and experimental chromatographic data.The molecular 
descriptors were calculated using the DRAGON package. It 
was established that molecular descriptors such as 
information indices, topological, 3D-MoRSE and WHIM 
descriptors are suitable for the prediction of the lipophilicity 
of food preservatives. It was further established that  atomic 
polarizabilities, atomic Sanderson electronegativities and 
atomic van der Waals volume of the molecules have the 
highest predictive power.26 

HPLC and attenuated total reflectance (ATR) Fourier 
transform infrared (FT-IR) spectroscopy followed with 
multivariate analysis were applied for the separation and 
quantitative determination of quercetin-3,4’-O-diglucoside 
(3,4’-Qdg) and quercetin-4’-O-glucoside (4’-Qmg) in onion. 
It was established that the results obtained by HPLC and 
ATR FT-IR were well correlated (R<0.95). Cross-validated 
(leave-one-out) partial least-squares regression (PLSR). It 
was further established that this calculation method can be 
successfully used for the prediction of the concentration of 
analytes. The data were also evaluated by PCA, discriminant 
function analysis and soft independent modeling of class 
analogue method. It was concoded from the data that the 
ATR FT-IR procedure requires less sample preparation than 
the traditional HPLC analysis.27  

The relationship between methanol production of cattle 
and the fatty acid (FA) production was elucidated by using 
GC. The data were evaluated by using univariate mixed 
model regression technique. The calculations suggested that 
milk FA profiles can be employed for the prediction of 
methane production in dairy cattle.28  
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GC has also found application in the study of the 
composition of volatile compounds influencing the sensory 
and fruit attributes of kiwi fruit. The chromatographic 
retention data were evaluated by multivariate mathematical-
statistical methods (PCA and MLR). It was stated that the 
method is suitable for the identification of compounds with 
marke sensory activity.29  

The biological activity of various green tea cultivars was 
investigated by combining HPLC measurements with the 
evaluation of the data with PCA and orthogonal partial least-
quares-discriminant analysis (OPLS-DA). It was established 
that metabolic profiling can be successfully employed for 
nutraceutical evaluation of tea cultivars.30 

GC-MS followed with PCA and PLS was employed for 
the elucidation of the relationships between Godello white 
wine sensory properties and its aromatic fingerprinting. 
Calculations indicated that ethyl ethers and acetates 
accounted 55.1 % of the odour activity values (fruity); spicy 
(fatty acids, 35.3 %) and floral aroma (terpenes, 3.1 %). It 
was found that the main aroma components were fruity and 
floral aromas (floral, apple and citrus).31  

Environmental studies 

The complex composition of environmental samples made 
necessary the application of various multivariate methods 
for the evaluation of complicated chromatographic retention 
profiles. Thus, various analytical methods were employed 
for the study of biological wastewater treatment plants 
(WWTP) The considerable number of measured parameters 
were evaluated by various multivariate mathematical 
statistical methods such as PCA, and multivariate regression 
analyses. Size exclusion chromatography was employed for 
the determination of extra-cellular polymeric substances 
(EPS), the internal structure was observed by confocal laser 
scanning microscopy. The main characteristics of the paper 
mills were the EPS production, the presence of nitrification 
process and the presence of H3PO4.32  

Computational molecular descriptors were employed for 
the prediction of the chromatographic lipophilicity of some 
pesticides and polycyclic aromatic hydrocarbons (PAH). 
Measurements of lipophilicity were carried out by HPLC 
using various stationary phases (C18, C8, CN,  and Phenyl) 
and methanol and acetonitrile organic modifiers. The results 
were evaluated by the traditional multivariate analysis and 
genetic algorithm. The calculations revealed that 
quantitative structure property relationship can be employed 
for the prediction of the lipophilicity of these types of 
analytes.33 

Comprehensive two dimensional gas chromatographic 
method was developed for the determination of the 
distillation points and relative density of gasoline and 
similar fuels. These parameters are important for the quality 
control of gasoline. The new method employs two GC 
columns with flame ionization detection (FID). The data 
were evaluated by multivariate analysis. It was established 
that the root mean square prediction differences (RMSPD)  
were 0.85%, 0.43%, 1.07%, and 1.71% for 10, 50, and 90% 
v/v of distillation.34 

Various multivariate mathematical statistical methods 
were applied for the prediction of the retention behavior of 
nitrobenzene derivatives. Quantitative structure-retention 
relationship calculations  (QSSR) inlcuded MLR, PLS, and 
ANN techniques. Multivariate image analysis (MIA)  
descriptors were evaluated by correlation ranking-principal 
component regression (CR-PCR) and correlation ranking 
principal component artificial neural network (CR-PC-
ANN). It was established that the separation power of CR-
PC-ANN method was the highest the R2 values varying 
between 0.989, 0.999, and 0.999.35  

Gas chromatography coupled with multivariate evaluation 
technologies was employed for the estimation of the age of 
weathered volatile organic compounds. The aging process 
was followed with GC measurements. The evaluation of the 
chromatograms was carried out by using different 
multivariate technologies such as non-linear PLS (PolyPLS), 
partial least squares discriminant analysis (PLSDA)  and 
locally weighted  regression (LWR). The prediction capacity 
of calculation methods was evaluated according to the root 
mean square error prediction (RMSEP). The results 
suggested that LWR has the highest predictive power and 
can be employed for the estimation the age of more 
complicated light petroleum mixtures such as gasoline.36 

A two-dimensional GC method  was applied for the study 
of the profile of weathered gasoline samples. The data were 
evaluated by various mathematical-statistical techniques 
such as PLS, PolyPLS, LWR, and partial least squares 
discriminant analysis. Calculations indicated that the best 
results can be achieved by the application of LWR method.37  

The retention behaviour of 50 phenol derivatives was 
studied in a dual-capillary column system containing SE-54 
and OV-17 bonded phase. The correlation between structure 
and retention of analytes was elucidated by using various 
quantitative structure, retention calculation techniques such 
as MLR, PLS,  and ANN. It was stated that models with low 
standard errors and high correlation coefficients can be 
developed for the prediction of the retention behaviour of 
this class of phenol derivatives. The squared regression 
coefficients of prediction for the MLR, PLS and ANN 
models for DB-5 column  were 0.9645, 0.9606, and 0.9808, 
respectively, while on DB-17 column the respective squared 
regression coefficients were 0.9757, 0.9757, and 0.9875. It 
was stated that non-linear model can be successfully 
employed for the discription between structural descriptors 
and the chromatographic retention behavior of this class of  
analytes.38  

Abbreviations 

AAMA   N-acetyl-S-(2-carbamoylethyl)-cystein  

ADMA   asymetric dimethylarginine 

ALA   -linoleic acid;  

AMO   amoxicillin 

ATR   attenuated total reflectance 

CAD   coronary artery disease 

CA   clavulanic acid 

CaP   prostate cancer 
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CHD   coronary heart disease 

CKD   chronic kidney disease 

CR-PC-ANN correlation ranking-principal component 
artficial neural network 

CR-PCR correlation ranking-principal component 
regression 

DAD   diode array detector 

FA   milk fatty acid profile 

FID   flame ionization detection 

FT-IR   Fourier transform infrared spectroscopy 

GA   genetic algorithm 

GC   gas chromatography 

GC-MS  gas chromatography mass spectrometry 

HCC   hepatocellular carcinoma 

HPLC   high performance liquid chromatography 

biPLS   backward PLS 

iPLS   interval PLS 

siPLS   synergy PLS 

KOPLS  Kernel orthogonal projection to latent 
structure 

KPLS   kernel partial least square 

L-MANN  Levenberg-Marquardt artificial neural 
network 

LWR   locally weighted regression 

MLR   multiple linear regression 

NAA   N-acetylaspartate 

NNK  4-(Methylnitrosamino)-1-(3-pyridyl)-1-
butanone  

NNAL   1-(3-pyridyl)-1-butanol (NNAL) 

OCPs   organochlorine pesticides 

OPLS-DA  orthogonal partial least-squares-discriminant 
analysis 

PCA   principal component analysis 

PCR   principal component regression 

PLS   partial least squares 

PLS-DA  partial least squares 

PLSR   partial least-squares regression 

PolyPLS  nonlinear PLS 

QSPR   quantitative structure-property relationship 

QSRR   quantitative structure retention relationship 

RMSEP  root mean square error of prediction 

RMSPD  root mean square prediction differences 

SBSE   stir bar sorptive extraction method 

TSH   thyroid-stimulating hormone 

TVR   clinically-driven target vessel 
revascularization 
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Keywords: plantain, decoctum, infusum, essential elements. 

Plantain (Plantago lanceolata L.) is a popular medicinal plant for its beneficial effect for respiratory and other antiinflammatory diseases. As 

the metal ions have significant role in inflammatory processes and antiinflammatory effect, the element content of plantain drug and in 

extracts has been determined. Element content in drug and different extracts (decoctum and infusum) was measured by inductively plasma 

optical emission spectrometry (ICP-OES) after nitric acid digestion. Most of the elements in drug had average concentration, except Al, Ba, 

Ca, S, Sn, Sr and Ti concentration that crossed their average level. Significant difference was found in the concentration of Al, Ba, Ca, Co, 

Cu,  Fe, K, Mg, Mn, Na, S, Sr and V between decoctum and infusum. In most cases concentration of elements was evidently higher in 

decoctum samples, than in infusum. In conclusion decoctum is a richer source of elements than that of other extracts and generally these 
teas are relevant sources for several elements (Ca, Co, Cu, K, Mn). 

 

 

* Corresponding Authors 
Fax: +36-1-438-1139  
E-Mail: szentmihalyi.klara@ttk.mta.hu 

[a] Institute of Materials and Environmental Chemistry 
Research Centre for Natural Sciences of the HAS, H-
1025 Budapest, POBox 17, Hungary 

[b] Budapest University of Technology and Economics 
Budapest, Hungary 

INTRODUCTION 

At present different herbs and medicinal plant products 
are widely spread all over the world. They are traditionally 
tested for centuries, evidently they are the healthiest 
medicines ever. These days antibiotics are not so popular as 
they were a few decades ago. Their “Adverse”, effects are 
also visible. Leading a healthy way of life is becoming more 
and more important, that’s why bio foods and natural 
medical products are preferred by most of the people, 
especially medium-aged and younger ones.  

As these products are not real medicines, earlier they were 
not needed follow the strict qualifying requirements. Only 
their origin, expective effect, recipe and the time of warranty 
can be seen on the package. There is still an enormous 
problem with regulating herbs. Their double standard 
principle caused an unbalanced distribution. According to 
the Hungarian Medicine Codex (Pharmacopoeia Hungarica) 
and the European Pharmacopoeia there is a limit for organic 
components, but at the point of inorganic compound it is a 
bit incomplete. 1, 2 There is a strict quality and quantitative 
limitation just for the toxic heavy metals. On the other hand 
only the inorganic components are examined in the 
Hungarian Victual Codex (Codex Alimentarius 
Hungaricus)3, and it is much more strict than the previous 
formulate. As herbs are classified in both, the medicine and 
foods, it is to be discussed that which guideline should be 
followed. Generally the concentration of toxic or non-
essential elements was not determined, as they could also be 
poisonous to human organism. 

That’s why a new law is still under consideration in 
Hungary, which is influenced by the European Union. 
According to it, herbs are also qualified as medicines.  

In result of this requirement herbs are also be tested and 
proved their efficiency. Though it may improve the safety of 
these products to consume them, but most of these products 
would disappear from the market, because the qualifying 
requirements need a lot of time and investments to get the 
good results, due to which the cost would also increase. 
Determining the plant samples have got a great difference so 
it is an important and challenging task to solve. 4 

Present article is about testing ribwort plantain (Plantago 
lanceolata L.). It is also well known as Englishman’s foot, 
broad-leaved plantain, Cuckoo’s Bread, the leaf of Patrick, 
Patrick’s dock, ripple grass, St. Patrick’s leaf, slan-lus, 
snakebite, snakeweed, waybread, waybroad, (Anglo Saxon) 
weybroed, white man’s foot. 5 This plantain is originated 
from the Plantaginaceae. It can be found beside acres, 
pastures and commons. Its small, white flowers are 
blossomed from April until June. Its mature leaves are used 
for therapeutical values. Mucous, tannin, favonoids, silica, 
zinc, potassium salts and irinoids are located in the leaves. 
Due to the presence of irinoids, akubin agent, this plant is a 
powerful bactericide, anti-inflammatory and wound-healer 
herb. Extracts made of it is used for cough and respiratory 
diseases. It is an excellent antidote against heartburn, 
respiratory rheum and sore throat. 6 

EXPERIMENTAL 

Materials  

Leaves of the ribwort plantain (Plantago Lanceolata L.) 
were produced by Herbária Patikája. Trade from the 
producting series of 07533-07534, K-101/111. 
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Aqueous extracts 

Two different kinds of aqueous extract (teas); decoctum 
and infusum were examined.  

Infusums were made from 1 g ribwort plantain and 20 mL 
hot distilled water. Four different extracts were made: drug 
soaked in hot water for 5, 10, 15 and 20 minutes. After the 
reaction time was over, they were filtered and stewed for 1-2 
hours.  

Decoctum was made by the same procedure as infusum. 
The only difference was the amount of drug (2.5 g in 50 mL 
water), and the 5 minutes boiling instead of soaking.  

Measurement of elements 

Element concentration (Al, As, B, Ba, Ca, Cd, Co, Cr, Cu, 
Fe, K, Mg, Mn, Ni, P, Pb, S, Si, Sn, Sr, Ti, V, Zn) of the 
samples was determined with an ICP-OES (inductively 
coupled plasma optical emission spectrometer). Type of 
instrument: Spectro Genesis ICP-OES (Kleve, Germany). 
After digestion of the samples (0.5 g from drug, 20 mL of 
evaporated extracts) with a mixture of nitric acid and 
hydrogen peroxide (10 + 4 mL) and dilution with deionised 
water to 20 mL (extracts) or 25 mL (drug), concentration of 
elements was determined. 7 

Statistical analysis  

Mean values and standard deviations (SD) were calculated 
from the results obtained. One way analysis of variance 
(ANOVA) was used for comparing the means of the four 
groups. To determinate the difference between two groups, 
the Student t-test was used by GraphPAD software version 
1.14 (1990). Significance was determined as P<0.05. 

RESULTS 

The element concentration in ribwort plantain is shown in 
Table 1. The concentration of As and Pb was under the 
detection limit, therefore these elements are omitted from 
the table. In ribwort plantain drug a little bit higher 
concentration was measured in case of Al, Ba, Ca and S 
above the average level. 8, 9 Strontium concentration was 
found to be double the amount of the average amount (40 
mg/kg).8 The other elements were at the normal intervallum 
of concentration (Table 1). 9, 10 

The aqueous extracts of ribwort plantain did not contain 
As, B, Cr, Pb, Sn and Ti concentrations above the detection 
limit. The concentration of most elements (Tables 2 and 3) 
are similar to other data found in extracts earlier, while 
concentration of Ba, Ca, K, Na, Mn seems to be relevant 
compared to other aqueous extracts. 7,9,10 

Surprisingly the time of the „reaction” (= time of soaking) 
wasn’t in direct proportion with the element content (Table 
2). In most cases the element concentration in infusums are 
mainly depend on time of soaking and several significant 
difference was found between infusums calculated by 
Student t-test. A rising tendency can be observed in respect 
of Ba, Ca, K, Mg, Na, Ni, P, S, Sr and Zr content till 15 

minutes of soaking. Then from 15 to 20 minutes the 
concentration of most elements was decreased except of Co. 
Significant difference of the element contents can be 
observed for Ba, Ca, Cu, Fe, K, Mg, Na, Ni, P, Sr and V in 
the comparison of four extracts by ANOVA (P<0.05). 
According to these results we can conclude that the time of 
soaking greatly affect on the element content in infusum. 

Table 1. Element concentrations (mg/kg, ± standard deviation, 
n=3) in ribwort plantain (Plantago lanceolata L.) 

Elements Mean ± standard deviation 

(mg kg-1) 

Al  375.2 ± 62.6 

B  40.84 ± 20.88 

Ba  44.71 ± 2.67 

Ca  16154 ± 150 

Cd  0.164 ± 0.029 

Co  0.465 ±0.055 

Cr  1.50 ± 0.47 

Cu  13.57 ± 1.82 

Fe  278.7 ± 42.9 

Mg  4518 ± 22 

Mn  49.60 ± 6.00 

Na  997.1 ±-25.1 

Ni  0.735 ± 0.132 

P  4634 ± 21 

S  3218 ± 115 

Si  193.9 ± 73.3 

Sn  8.63 ± 2.70 

Sr  96.16 ± 6.00 

Ti  6.06 ± 0.67 

V  0.544 ± 0.139 

Zn  18.28 ± 1.46 

Concentration of Ba, Ca, Co, K, Mg, Sr and V are 
remarkably raised in decoctum (Table 3) compared to 
infusum made with soaking for 20 min (Table 2), however 
Cu, Na and Zn were decreased. Element content of Al, Mn, 
Ni, P, S and Zn was nearly the same as it was in the 15-20 
minutes infusums (Tables 2 and 3). Boiling a sample for 5 
minutes is almost the same as soaking it for 15-20 minutes 
time in respect of many elements. In case of other minerals 
making a decoctum is the way to get a richer solution. 
(Tables 2 and 3). Most of the element concentration in 
decoctum significantly different to infusums except of Ba, 
Cu and P (Table 3). 

The dissolution rate of drug into the different extracts can 
be seen on the Table 4. Generally the 15 minutes infusum 
solved the elements in the highest amount. Boiling reduces 
the tripping of the Cu, Na and Zn while helps other elements 
extracting. The dissolution into the aqueous extracts is 
relatively high (>50%) for Co, Cu and Na in all cases, while 
the dissolution of Fe from drug into the teas was found to be 
very low (1.67-6.35%). 

DISCUSSION 

It is demonstrated that ribwort plantain (Plantago 
lanceolata L.) is a valuable medicinal plant in respect of 
mineral constituents. A generally higher amount of elements 
were found in decoctum (5 min) than in infusum (5 min). 
These elements are Co, K, V and some alkaline earth metals, 
like Mg, Ca, Ba and Sr. 
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Table 2. Element concentrations (mgL-1, ± standard deviation, n=3) in aqueous  ribwort plantain infusum extracts (Plantago lanceolata L.) 

 Element content in Plantago Lanceolata aqueous extract (mg L-1 ± SD) ANOVA, calculated for four 

infusums (P<0.05)   Infusum 5 min. Infusum 10 min. Infusum 15 min. Infusum 20 min. 

Al  1.34 ± 0.29 0.874 +/ -0.022 1.44 ± 0.36 0.934 ± 0.070 Not sign. 

Ba b ,f  0.257 ± 0.030 0.267 +/ -0.050 0.332 ± 0.030 0.268 ± 0.200 Sign. 

Ca a, b, d ,f  127.0 ± 8.6 141.0 ± 33.1 185.2 ± 13.4 143.6 ± 14.2 Sign. 

Co  0.008 ± 0.001 0.008 ± 0.003 0.0096 ± 0.0020 0.0096 ± 0.0020 Not sign. 

Cu  0.196 ± 0.009 0.172 ± 0.004 0.232 ± 0.035 0.211 ± 0.020 Sign.. 

Fe b, d ,f  0.293 ± 0.290 0.116 ± 0.060 0.443 ± 0.230 0.210 ± 0.050 Sign. 

K b, f 795.6 ± 41.8 821.1 ±  210.7 961.7 ± 41.8 830.3 ± 25.4 Sign. 

Mg a, b, c, f 27.23 ± 0.97 31.61 ± 7.69 41.76 ± 3.23 33.95 ± 3.27 Sign. 

Mn b  0.658 +/ -0.260 0.558 ± 0.13 0.715 ± 0.070 0.586 ± 0.050 Not sign. 

Na a, b,d,e  f 15.66 ±1.84 15.68 ± 5.14 19.13 ± 1.13 15.55 ± 0.99 Sign. 

Ni c 0.0023 ± 0.0008 0.0112 ± 0.003 0.0155 ± 0.0060 0.0068 ± 0.0030 Sign. 

P a, b, c, d, f 38.65 +/ -4.79 43.44 ± 9.22 58.33 ± 2.25 51.12 ± 3.40 Not sign. 

S a, b, d, f 25.90 ± 2.21 28.26 ± 6.65 39.54 ± 1.45 29.46 ± 3.06 Sign. 

Sr a, b, d, f 0.558 ± 0.040 0.611 ± 0.140 0.820 ± 0.067 0.648 ± 0.060 Sign. 

V a, d  0.0068 ± 0.0020 0.0020 ± 0.0003 0.0061 ± 0.002 0.0034 ± 0.0010 Sign. 

Zn d, e 0.0363 ± 0.0300 0.117 ± 0.0002 0.180 ± 0.103 0.102 ± 0.050 Not sign. 
a significant difference between infusum 5 min and infusum 10 min, b significant difference between infusum 5 min and infusum 15 min, c 
significant difference between infusum 5 min and infusum 20 min, d significant difference between infusum 10 min and infusum 15 min, e 
significant difference between infusum 10 min and infusum 20 min, f significant difference between infusum 15 min and infusum 20 min 
(Student t-test, P<0.05) 

Table 3. Element concentrations (mgL-1, ± standard deviation, n=3) in aq. ribwort plantain decoctum extracts (Plantago lanceolata L.) 

 Element content (mgL-1 

±SD) 

Significant difference by Student t-test (P<0.05) 

  Decoctum 5 min. between infusum 5 

min. and decoctum 

between infusum 10 

min. and decoctum 

between infusum 15 

min. and decoctum 

between infusum 20 

min. and decoctum 

Al  1.02 ± 0.32 Sign. Sign. Sign. Not sign. 

Ba  0.423 ± 0.040 Sign. Sign. Not sign. Sign. 

Ca  196.3 ± 38.7 Sign. Sign. Not sign. Sign. 

Co  0.0119 ± 0.0010 Sign. Sign. Not sign. Not sign. 

Cu  0.102 ± 0.025 Sign. Sign. Sign. Sign. 

Fe  0.322 ± 0.080 Not sign. Sign. Sign. Sign. 

K  1093 ± 23 Sign. Sign. Not sign. Sign. 

Mg 47.55 ± 7.76 Sign. Sign. Not sign. Sign. 

Mn  0.682 ± 0.080 Not sign. Not sign. Not sign. Not sign. 

Na  8.3938±5.56 Sign. Sign. Sign. Sign. 

Ni 0.0016 ± 0.0010 Sign. Sign. Sign. Sign. 

P 55.64 ± 2.56 Sign. Sign. Not sign. Not sign. 

S  38.80 ± 2.58 Sign. Sign. Not sign. Sign. 

Sr  0.952 ± 0.060 Sign. Sign. Not sign. Sign. 

V  0.0082 ± .-0002 Sign. Sign. Sign. Sign. 

Zn  0.0948 ± 0.0300 Sign. Sign. Sign. Not sign. 

Table 4. Dissolution rate of drug into extracts (%) 

  Infusum 5 min. Infusum 10 min. Infusum 15 min. Infusum 20 min. Decoctum 5 min. 

Al 14.33 9.32 15.37 9.95 10.88 

Ba  25.22 26.13 32.49 26.23 41.42 

Ca  31.45 34.92 45.85 35.56 48.60 

Co  68.85 68.85 82.62 82.62 102.41 

Cu 57.89 50.67 68.36 62.11 29.98 

Fe  4.21 1.67 6.35 3.01 4.63 

Mg  31.38 35.27 46.29 37.74 39.60 

Mn  53.92 45.70 58.59 48.02 55.87 

Na  62.84 62.89 76.73 62.37 33.67 

Ni 12.52 60.97 84.38 37.02 8.71 

P  33.36 37.50 50.35 44.13 48.03 

S  32.20 35.13 49.15 36.62 48.22 

Sr  23.20 25.42 34.12 26.93 39.60 

V  50.03 14.71 44.88 25.01 60.33 

Zn  40.57 24.03 39.15 34.95 17.66 
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Consuming extracts made of this medicinal plant as a 
medicine helps us to get an appreciable part of the essential 
minerals. A tea is said to be a fine element source if 15 % of 
the Recommended Dietary Allowances (RDA) is covered by 
its well-defined amount of consumption. 11 According to this, 
drinking 1 litre of any kind of extract made of this drug 
contains and supports 15.9-24.5% of Ca, 27.6-41.4% of Co, 
39.0-54.6% of K and 27.5-35.7% of Mn (RDA: 800 mg for 
Ca, 0.029 mg for Co, 2000 mg for K and 2 mg for Mn per 
day11). Infusums were also found to be good Cu sources 
with 17.2-32.2% of RDA, while decoctum covers only the 
10% of RDA. It is worthy to mention that extracts made of 
ribwort plantain contain 1/3 of the daily Al intake (Dietary 
Reference Intakes 12).   

In conclusion ribwort plantain plant is a unique herb, 
which contains a lot of necessary elements. This plantain is 
available easily and economically to every one Thanks to 
the nature for its excellent compositions and its relevance to 
be a valuable source for several elements. It can also be 
favourable to use in preventions and symptomatic treatments 
as well. 
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