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and Copper(II) by N,N'-Disalicylideneethylenediamine by
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A simple, highly sensitive, accurate and selective method for simulta-
neous determination of trace amounts of Pb(II) and Cu(Il) in water
samples is presented. The method is based on selective chelation of
Pb(II) and Cu(II) on surfactant coated alumina, modified with a Schiff
base N,N’-disalicylideneethylenediamine. The retained ions were then
eluted with 4 mL of 4 M nitric acid and determined by electro thermal
atomic absorption spectrometry at 283 and 324 nm for Pb and Cu,
respectively. The influence of flow rates of sample and eluent solutions,
pH, breakthrough volume, effect of foreign ions on chelation and
recovery were investigated. 1.5 g of surfactant coated alumina adsorbs
40 mg of the Schiff base which in turn can retain 15.0 = 0.9 mg of each
of both metal ions. The limit of detection (36) for Pb(II) and Cu(II)
were found to be 5.57 and 1.69 ng L', respectively. The enrichment
factor for both metal ions are 100. The present method was successfully
applied on determination of lead and copper in different water samples.
The ions were also speciated by means of three columns system.

Key Words: Lead(II), Copper(II), Preconcentration, ETAAS, N,N’-
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INTRODUCTION

Trace amounts of metals are present in natural biosphere. Presence of some of
these metals in very low concentrations and certain oxidation states are necessary.
Higher concentrations and other oxidation states might be toxic and dangerous.
Unfortunately, the difference between these two levels are very small"?. Lead occures
in nature mostly as PbS. It is used in batteries, tetraethyl lead, guns, solders and X-ray
instruments’. Copper on the other hand occurs as CuS, CuS,, CuFeS,, CuS0,-5H,0
and other forms. More than 75 % of copper production is used in electrical industries.
It is also used in pigments, metallic blends and household. Hence determination of
lead and copper in industry and environment are both very important. A preconcen-
tration step is advisable in trace analysis. Lead and copper heve been so far determined
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by various methods such as spectrophotometry™®, liquid-liquid extraction”’, cloud
point extraction'®'" and electrochemical measurements'?. Some of these methods
suffer from poor limit of detection and usage of harmful solvents. On the other
hand, effect of foreign ions on theanalyte is not negligible in many instances. In
such cases, preconcentration of the analyte makes the determination easier and the
composition of the sample less complicated. In recent years, solid phase extraction
has offered attractive possibilities in trace analysis. It reduced the solvent and time
consumption considerably'*"®. In order to increase the preconcentration or extraction
power of solid phase extraction an organic or inorganic ligand is used in conjunction
with the sorbont. Some of the ligands used for determination of lead and copper are
Amberlit XAD-2 with 3,4-dihidroxybenzoic acid", silica gel modified with 3-amino-
propyl triethoxysilane, Levatit with di(2,4,4-trimethylpentyl)phosphinic acid*,
silica gel functionalized with methyl thiosalicylate™, silicagel modified with zirconium
phosphate® and C,s diskes modified with a sulfur containing Schiff base*.

Comparing these examples with the present method, they have either a lower
enrichment factor or a higher limit of detection. On the other hand, the Cs disks
can be used only a few times, while the proposed sorbent could be used more than
50 times without loss of efficiency.

Surfactant coated alumina modified with chelating agents has been used for
extraction and preconcentration of environmental matrixes and metals®*°. Here,
the surfactant molecules have been associated on the alumina surface forming an
admicell or hemimicell. Organic molecules attach themselves on the hydrophobe
part and low concentration of metallic elements also on the hydrophobe part, which
includes the chelating agent™. Schiff bases which are obtained from salicylaldelyde
are known as multidentate ligands. These agents can form stable complexes with
transition metal ions*"?,

The main aim of the present work is to develop a fast, sensitive and efficient
way for simultaneous enrichment and extraction of trace amounts of Pb(II) and
Cu(II) from aqueous media by means of a surfactant coated alumina modified with
N,N’-disalicylideneethylenediamine (Fig. 1). The chelated ions were desorbed and
determined by electro thermal atomic absorption spectrometry (ETAAS).

=N N=—
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Fig. 1. Structure of N,N’-disalicylideneethylenediamine (NNDED)
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The modified solid phase could be used at least 50 times with acceptable
reproducibility without any change in the composition of the sorbent, ligand or
sodium dodecyl sulfate. On the other hand, in terms of economy it is much cheaper
than C,g disks.

EXPERIMENTAL

All solutions were prepared with doubly distilled deionized water. Alumina
powder y-type for chromatography with diameter of about 50 um obtained from
Katayama Chemicals. It was conditioned before use by suspending in 4 M nitric
acid for 20 min and then washed two times with water. Sodium dodecyl sulfate
(SDS) obtained from Merck and used without any further purification.

Synthesis and spectral characteristics of N,N’-disalicylideneethylenediamine
(NNDED)

A mixture of 0.002 mol salicylaldehyde and 0.001 mol of ethylenediamine in
10 to 15 mL of absolute methanol was refluxed in a round bottom flask for 1 h. The
solvent was then evaporated and the residue was crystallized from 95 % ethanol as
a yellow precipitate. The precipitate was thereafter recrystallized in absolute ethanol
and finally dried in vacuum. The specifications of the yellow crystals obtained as
product were: m.p. 126-128 °C; IR (KBr, Vina,, cm™): 3050, 2932, 2901, 2870, 1636,
1497, 1283, 1149, 1042, 1021, 857, 749, 741; MS, m/z (%): 268 (M*, 23); Anal.
calcd. for C;sHisN,O, (268.31): C, 71.62; H, 6.01; N, 10.44 Found: C, 71.8; H,
6.05; N, 10.3 %. '"H NMR (250.1 MHz, CDCl;): 6 3.9 (s, 4H, CH,), 6.8 (m, 4H), 7.3
(m, 4H), 8.3 (s, 2H), 13.2 (brs, 2H, Ar-OH).

Lead nitrate, copper sulfate pentahydrated, ammonium dihydrogen phosphate
were of analytical reagent grade and RP-C s silica (40-63 um) obtained from Merck.
The anion exchanger resin Dowex 1X-8 mesh 100-200 obtained from Fluka. The
chelating resin, chelex-100, mesh 100-200 obtained from Bio Rad.

Standard stock solution of 1000 pg mL'of Pb(Il) and Cu(Il) were prepared by
dissolving appropriate quantity of their salts in water. A solution of 0.35 M of
ammonium dihidrogen phosphate in water was prepared as the matrix modifier for
determination of lead. A solution of SDS-NNDED was prepared as follow: to a
solution of 0.2 g of NNDED in 10 mL of ethanol, 5 drops of 1 M NaOH and 0.5 g
of SDS were added, dissolved and its volume adjusted to 50 mL with water.

Preparation of admicell column: To 40 mL of water containing 1.5 g of alumina,
10 mL of the above NNDED solution was added. The pH of the suspension was
adjusted to 2.0 by addition of 4 M HNO; and stirred by mechanical stirrer for 20 min.
Then the top liquid was decanted (and discarded) and the remained alumina was
washed three times with water, then with 5 mL of 4 M HNO; and again three times
with water. The prepared sorbent was transfered to a polypropylene tube (i.d 5 mm,
length 10 mm).
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The measurements were performed by a Perkin-Elmer model 300 Analyst atomic
absorption spectrometer, equipped with a graphite furnace of the type HGA-850,
furnace auto sampler of the type AS-800 and a deuterium lamp for background
correction. Instrumental conditions and furnace parameters for the atomizer are
listed in Tables 1 and 2. A metrohm 691 pH meter equipped with a combined glass
calomel electrode was used for pH measurements.

TABLE-1
INSTRUMENTAL PARAMETERS FOR DETERMINATION OF LEAD
Wavelength (nm) = 283.3, Slit width (nm) = 0.7, Lamp current (mA) = 10

Furnace conditions Time (s) Argon gas flow
Step Temperature (°C) Ramp Hold (mL min’")
Drying 130 20 15 250
Pyrolysis I 350 5 5 250
Pyrolysis I 450 15 5 250
Atomization 2250 0 5 0
Cleaning 2600 1 3 250

Matrix modifier 0.241 mg NH,H,PO,
Absorbance measurements were based on peak heights.

TABLE-2
INSTRUMENTAL PARAMETERS FOR DETERMINATION OF COPPER
Wavelength (nm) = 324.8, Slit width (nm) = 0.7, Lamp current (mA) = 15

Furnace conditions Time (s) Argon gas flow
Step Temperature (°C) Ramp Hold (mL min’")
Drying 100 20 5 250
Pyrolysis I 140 15 15 250
Pyrolysis I 1000 20 10 250
Atomization 2300 5 0 0
Cleaning 2600 3 1 250

Absorbance measurements were based on peak heights.

Procedure: The pH of a solution containing 100 ng of each Pb(II) and Cu(II)
was adjusted to 2.0. This solution was passed through the admicell column with a
flow rate of 5 mL min’. The column was washed with 10 mL of water and the
retained ions were desorbed with 1 mL of 4 M HNO; with a flow rate of 2 mL min™.
The desorption procedure was repeated 3 more times. All the acid solutions (4 mL
all together) were collected in a 10 mL volumetric flask and diluted to the mark
with water. The concentrations of lead and copper in the solution were determined
by ETAAS at 283 and 324 nm, respectively.

Determination of lead and copper in water samples: Polyethylene bottles,
soaked in 1 M HNO; overnight and washed two times with water were used for
sampling. The water sample was filtered through a 0.45 um pores filter. The pH of
a 1000 mL portion of each sample was adjusted to 2.0 (4 M HNOs) and passed
through the column under a flow rate of 5 mL min™'. The column was washed with
water and the ions were desorbed and determined as the above mentioned procedure.
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Speciation of lead and copper in water samples: The method has been evaluated
and optimized for speciation and its application on complex mixtures®?’.

The chelating cation exchanger (Chelex-100) and anion exchanger, Dowex 1X-8
resins were washed with 1 M HCI, water, 1 M NaOH and water, respectively. 1.2 g
of each resin was transfered to separate polyethylene columns. Each column was
washed with 10 mL of 2 M HNO; and then 30 mL of water. The C;s bounded silica
adsorber in a separate column was conditioned with 5 mL of methanol, then 5 mL
of 2 M HNO; and at the end with 20 mL of water. 5 mL of methanol was added on
top of the adsorber and passed through it until the level of methanol reached just
the surface of the adsorber. Then water was added on it and connected to the other
two columns. A certain volume of water sample was filtered through a 0.45 ym
filter and then passed through the three columns system, Dowex 1X-8, RP-C;s silica
adsorber and Chelex-100, respectively. The columns were then separated. The anion
and cation exchanger columns were washed with 10 mL of 2 M HNO; and the C-18
column with 10 mL of 1 M HCI. The flow rate of eluents was 1 mL min™'. The lead
and copper content of each eluted solution were determined by ETAAS.

RESULTS AND DISCUSSION

N,N’-Disalicylideneethylenediamine (NNDED) is a tetradentate ligand. It is
insoluble in water, however, soluble in slightly alkaline ethanol. Primary investiga-
tions revealed that surfactant coated alumina could not retain Pb(II) and Cu(II)
cations, but when modified with NNDED, retains these cations selectively. It was
then decided to investigate the capability of NNDED as a ligand for simultaneous
preconcentration and determination of lead and copper on admicell.

The alumina surface in acidic media (1 < pH < 6) attracts protons and becomes
positively charged. The hydrophilic part of SDS (-SOs"), is attached strongly to
these protons. On the other hand, the ligand molecules are attached to hydrophobic
part of SDS and retain small quantities of metallic cations™.

Effect of pH: The effect of pH of the aqueous solution on the extraction of 100
ng of each of the cations Pb(Il) and Cu(II) was studied in the pH range of 1-10. The
pH of the solution was adjusted by means of either 0.01 M HNO; or 0.01M NaOH.
The results indicate that complete chelation and recovery of Pb(Il) occurs in pH
range of 2-4 and that of Cu(Il) in 2-8 are shown in Fig. 2. It is assumed that at
higher pH values, the cations might be hydrolyzed and complete desorbeption does
not occur. Hence, in order to prevent hydrolysis of the cations and also keeping
SDS on the alumina, pH = 2.0 was chosen for further studies.

Effect of flow rates of solutions: The effect of flow rate of the solutions of the
cations on chelation of them on the substrate was also studied. It was indicated that
flow rates of 1-5 mL min™ would not affect the retention efficiency of the substrate.
Higher flow rates cause incomplete chelation of the cations on the sorbent. The
similar range of flow rate for chelation of cations on modified alumina with SDS and
a ligand has been reported in literature*°. Flow rate of 1-2 mL min™' for desorption
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of of the cations with 4 mL of 4 M HNOs has been found suitable. Higher flow rates
need larger volume of acid. Hence, flow rates of 5 and 2 mL min™ were used for
sample solution and eluting solvent throughout, respectively.
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Fig. 2. Extraction percentage of Pb(II) and Cu(II) against pH

Effect of NNDED quantity: To study optimum quantity of NNDED on quanti-
tative extraction of lead and copper, 50 mL portions of solutions containing 100 ng
of each cation were passed through different columns the sorbent of which were
modified with various amounts, between 10-50 mg of the ligand. The best result
was obtained on the sorbent which was modified with 40 mg of the ligand.

Figures of merit: The breakthrough volume is of prime importance for solid
phase extractions. Hence, the effect of sample volume on the recovery of the cations
was studied. 100 ng of each cation was dissolved in 50, 100, 500 and 1000 mL of
water. It was indicated that in all the cases, chelation and desorption of the cations
were quantitative. It was then concluded that the breakthrough volume could be
even more than 1000 mL. Because the sample volume was 1000 mL and the cations
were eluted into 10 mL solution, the enrichment factor for both cations is 100,
which is easily achievable.

The maximum capacity of 1.5 g of the substrate was determined as follow: 500
mL of a solution containing 50 mg of each cation was passed through the column.
The chelated ions were eluted and determined by ETAAS. The maximum capacity
of the sorbent for three individual replecates was found to be 15.0 = 0.9 pg of each
cation.

The limit of detection (36) for the catoins®™ were found to be 5.57 and 1.69 ng L."
for lead and copper ions, respectively. Reproducibility of the method for extraction
and determination of 100 ng of each cation in a 50 mL solution was examined. As
the results of seven individual replicate measurements indicated, they were 2.85
and 2.98 % for Pb(Il) and Cu(Il), respectively.
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Effect of foreign ions: Effect of foreign ions were also investigated on the
measurements of lead and copper. Here a certain amount of foreign ion was added
to 50 mL of sample solution containing 100 ng of each Pb(II) and Cu(Il) with a pH
of 2.5. The amounts of the foreign ions and the percentages of the recovery of lead
and copper are listed in Table-3. As it is seen, it is possible to determine lead and
copper without being affected by the foreign ions.

TABLE-3
EFFECT OF FOREIGN IONS ON THE RECOVERY OF 100 ng OF Pb** OR Cu**

% Recovery of % Recovery of

Amounts taken (mg)

Diversion ion Found (%)

added to 50 mL Cu* ion Pb* ion
Na* 92.40 1.15 (2.9)* 99.7 (1.8) 99.3 (2.8)
K* 92.50 1.32 (2.1) 98.5(2.2) 98.5(2.2)
Mg2+ 14.50 0.70 (1.8) 98.7 (1.7) 99.5 (2.7)
Ca* 28.30 1.29 (2.0) 99.0 (1.8) 99.0 (2.8)
Sr* 3.45 2.85(2.2) 99.8 (2.9) 98.9 (2.6)
Ba* 2.66 3.16 (2.4) 99.3 (2.5) 98.8 (2.5)
Mn** 2.66 1.75 (2.3) 98.6 (1.8) 98.6 (3.3)
Co** 2.17 1.40 (2.3) 99.1 (2.9) 99.9 (2.9)
Ni* 2.67 2.00 (2.4) 98.5(2.4) 99.5(2.4)
Zn** 2.78 1.97 (2.1) 99.5(3.2) 98.5(2.2)
Cd* 2.58 1.90 (2.0) 98.2 (2.8) 99.2 (2.7)
Bi** 2.54 2.70 (1.9) 99.5 (2.7) 98.5 (2.4)
A 243 2.81 (2.1) 98.7 (2.8) 98.7 (2.8)
Fe** 2.67 3452.9) 96.6 (2.8) 96.6 (2.8)
crt 1.76 2.92 (2.3) 97.3 (2.4) 97.3 (2.4)
uo* 2.86 1.30 (2.9) 100.0 (2.9) 99.6 (2.7)
NO; 5.00 2.30 (2.3) 99.3 (2.8) 99.9 (3.6)
CH,COO 5.00 2.20 (2.6) 99.4 (2.2) 99.3 (3.6)
5042' 5.00 2.90 (3.1) 98.7 (2.4) 99.4 (3.6)
C032' 5.00 1.80 (2.4) 99.3 (2.5) 99.3 (3.6)
PO43’ 2.50 2.10(2.2) 98.9 (2.4) 100.3 (3.2)

*Values in parenthesis are CVs based on 3 individual replicate measurements.

Analysis of the water samples: The prepared sorbent was used for analysis of
real samples. To do this, the amounts of lead and copper were determined in different
water samples namely: distilled water, tap water of Tehran (Tehran, taken after 10
min operation of the tap), rain water(Tehran, 26 January, 2006), Snow water (Saveh,
6 February, 2006) and two synthetic samples containing different cations. The results
are tabulated in Table-4. The amounts of lead or copper added to the water samples
are extracted and determined quantitatively which indicates accuracy and precision
of the present method.

Separation and speciation of of cations by three columns system. It is possible
to preconcentrate and at the same time separate the neutral metal complexes of
organic ligands, anionic complexes and free ions from each other by this method®'.
Water samples were passed through the 3 connected columns i.e., anoin exchanger,
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TABLE-4
RECOVERY OF LEAD AND COPPER CONTENTS OF WATER SAMPLES
Amount added (ug) Found (ug) Recovery (%)
Pb - - -
0.050 0.048(3.45) 96
Sample distilled 0.100 0.098(2.95) 98
water (100 mL) Cu - - -
0.050 0.049(2.75) 98
0.100 0.101(2.47) 101
Pb - 0.015(4.50) -
Tap water (100 mL) Cu 0'(150 gggzgﬁi 1?1
0.050 0.106(2.31) 100
Pb - 0.048(3.25) -
Snow water (S0mL) 0100 8525%22 100
0.050 0.120(2.55) 100
Pb - 0.042(3.25) -
Rain water (100mL) 0100 géﬁg‘s‘g 102
0.100 0.143(2.46) 98
Synthetic sample 1 Pb - - -
Nat, Ca™*, Fe*, Co™, 0.100 0.101(3.43) 101
Cr*, Hg**, 1 mg L' Cu - - -
of each cation 0.100 0.101(3.31) 101
Synthetic sample 2 Pb - - -
K*, Ba™, Mn*, Cd™, 0.100 0.101(2.71) 101
Ni**, Zn*, 1 mg L Cu _ _ _
of each cation 0.100 0.101(3.11) 101

a: Values in parenthesis are CVs based on three individual replicate measurements.

TABLE-5

RESULTS OF SPECIATION OF LEAD AND COPPER IN DIFFERENT
SAMPLES BY THREE COLUMNS SYSTEM

Column Tap water (1000 mL) Water sample (1000 mL)f River water (50 mL)
Pb (ug) Cu (ug) Pb (ug) Cu (ug) Pb (ug) Cu (ug)
Dowex1X8 - - - - - -
Silica C-18 - - - - - -
Chelex-100 0.012 (4.7)% 0.053 (3.8) |0.105(3.1) 0.104(3.1) |0.103 (3.1) 0.157 (2.8)

1This was a solution containing 0.1 pg of each cation in 1000 mL of distilled water.
+Values in parenthesis are CVs based on three replicate analysis. The samples are the same as
those mentioned in Table-4.

C,s-silica adsorber and chelating cation exchanger. Each species of lead or copper
is retained in one of the columns; anionic complexes in the first column, neutral
complexes of organic ligands in the second and the free ions in the third. The results
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of passing certain volumes of different water samples through the columns are
listed in Table-5. According to the results, it is indicated that lead and copper present
only as cations. On the other hand the t-test comparing the obtained mean values of
the present work with those published indicate no significant difference between
them.

Conclusion

A method for simultaneous determination and preconcentration of Pb(II) and
Cu(II) in water samples using surfactant coated alumina impregnated with a Sciff
base has been proposed. This method offers simple, highly sensitive, accurate and
selective method for simultaneous determination of trace amounts of lead(IT) and
copper(Il) in water samples.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the financial support from Department of
Chemistry, Varamin Campus Islamic Azad University and Department of Chemistry
Science and Research Campus Islamic Azad University, Iran.

REFERENCES

1. S.N. Luoma, Sci. Total Environ., 28, 1 (1983).

2. U. Forstner and G.T.W. William, Metal Pollution in the Aquatic Environment, Spring. Verlag,
Berlin (1983).

3.  R.E. Kirk and D.F. Othmer, Ecyclopedia of Chemical Technology, John Wiley and Sons, New
York, Vol. 14, edn. 3 (1979).

4. L. Parmeggiani, Encyclopedia of Occupational Health and Safety, International Labor Organiza-
tion, Geneva, Vol. 1, edn. 3 (1983).

5. Y.S. Choi and H.S. Choi, Bull. Korean Chem. Soc., 24, 222 (2003).

6. L. Zaijan, Y. Yuling, T. Jian and P. Jiaomai, Talanta, 60, 123 (2003).

7. D. Kara, M. Alkan and U. Cakir, Turk. J. Chem., 25, 293 (2001).

8. S.B. Sonawale, Y.V. Ghalsasi and A.P. Argekar, Anal. Sci., 17, 285 (2001).

9.  M.C.T. Diniz, O.F. Filho and J.J.R. Rohwedder, Anal. Chim. Acta, 525, 281 (2004).

10. J.L. Manzoori and A. Bavili-Tabrizi, Microchem. J., 72, 1 (2002).

11. J. Chen and K.C. Teo, Anal. Chim. Acta, 450, 215 (2001).

12. S. Yuan, W. Chen and S. Hu, Talanta, 64, 922 (2004).

13. R.E. Majors, LC-GC, 4, 972 (1989).

14. D.F. Hagen, C.G. Markell, G.A. Schmitt and D.D. Blevins, Anal. Chim. Acta, 236, 157 (1990).

15. A.Moghimi, M. Saber-Tehrani, S.W. Husain, M. Mohammadhosseini, Chin. J. Chem., 25, 1859
(2007).

16. A. Moghimi, Chin. J. Chem., 25, 1842 (2007).

17. P. Nayebi and A. Moghimi, Orient. J. Chem., 22, 507 (2006).

18. A. Moghimi, Orient. J. Chem., 22, 527 (2006).

19. V.A. Lemos, P.X. Baliza, R.T. Yamaki, M.E. Rocha and A.P.O. Alves, Talanta, 61, 675 (2003).

20. N. Tokman, S. Akman and M. Ozcan, Talanta, 59, 201 (2003).

21. E. Castillo, J.L. Cortina, J.L. Beltran, M.D. Prat and M. Granados, Analyst, 126, 1149 (2001).

22. M. Zougagh, A.G.D. Torres, E.V. Alonso and J.M.C. Povon, Talanta, 62, 503 (2004).

23. E. Matoso, L.T. Kubota and S. Cadore, Talanta, 60, 1105 (2003).

24. O.R. Hashemi, M. Razi Kargar, F. Raoufi, A. Moghimi, H. Aghabozorg and M.R. Ganjali,
Microchem. J., 62, 1 (2001).



1666 Moghimi et al. Asian J. Chem.

25.
26.
27.

28.
29.

30.
31.
32.
33.
34.

J.L. Manzoori, M.H. Sorouraddin and A.M. Haji Shabani, J. Anal. At. Spectrom., 13, 305 (1998).
M. Hiraide and J. Hori, Anal. Sci., 15, 1055 (1999).

M. Calligaris and R. Randaccio, in eds.: G. Wilkinson and R.D. Gillard McCleverty, Compre-
hensive Coordination Chemistry, Oxford, London, Ch. 20, Vol. 2 (1987).

D.A. Alwood, Coord. Chem. Rev., 195, 267 (1997).

G.H. Jeffery, J. Bassett, J. Mendham and R.C. Denney, Vogels Textbook of Quantitative Chemi-
cal Analysis, John Wiley & Sons, Inc., New York, edn. 5 (1991).

0. Abollino, M. Aceto, C. Sarzanini and E. Mentasti, Anal. Chim. Acta, 411, 233 (2000).

Y. Liu and J.D. Ingle, Anal. Chem., 61, 525 (1989).

M. Groschner and P. Appriou, Anal. Chim. Acta, 297, 369 (1994).

B.L. Lewis and W.M. Landing, Marine Chem., 40, 105 (1992).

D.A. Skoog, F.J. Holler and T.A. Nieman, Principles of Instrumental Analysis, Saunders College
Publishing, edn. 5 (1998).

(Received: 4 April 2007; Accepted: 27 October 2008) AJC-6969

TAIBAH INTERNATIONAL CHEMISTRY CONFERENCE
(TICC-2009)

23 — 25 MARCH 2009
AL-MADINAH AL-MUNAWWARAH, SAUDI ARABIA

Contact:

Dr. Fethi Kooli

Taibah International Chemical Conference (TICC-2009)
Department of Chemistry, Taibah University, P.O.Box 30100
Al-Madinah Al-Munawwarah, Saudi Arabia

Voice: +966.559970918

Fax: +966.48470235

E-mail: fkooli @taibahu.edu.sa; info@taibah.ticc-2009.com
Web: http://www.taibah. TICC-2009.com




