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Introduction:-

Coumarin was used in a wide-ranging in the pharmacological manufacturing as a pioneer reagent in the production
of some synthetic anticoagulant drugs such as dicoumarol. Although, coumarin alone has not any anticoagulant
properties it was converted into the natural anticoagulant dicoumarol via a numeral of fungi species. Dicoumarol
material was accountable for sweet clover disease in the cattle eating moldy sweet clover silage [1, 2]. Also,
coumarin has anti-fungal, anti-bacterial and anti-tumor activities and properties [3, 4].

Coumarin derivatives are actual good complexing agent since it has powerful binding sites for complexation with
transition metal ions. This complexes were played a significant role in pharmaceuticals chemistry as well as with co-
ordination chemistry [5]. Moreover, coumarin derivatives used in analytical chemistry as a choosy metal extracting
agents. Wherever, there are several techniques such as column extraction, ion-flotation, co-precipitation, ion-
selective electrode, cloud point extraction, solid phase extraction and liquid-liquid extraction were used in separation
and preconcentration of some trace metal [6-10]. The ion-flotation method attracted a significant attention of
researchers because of it was considered an economy, simple, efficient and speedy quantitative process [11-15].

In continuously of our work, Hg(ll), Mn(ll) and Co(ll) complexes of  3-(2-(2-oxo-2H-chromene-3-
carbonyl)hydrazono)-N-(pyridin-2-yl)butanamide were prepared and characterized [16-20]. The manner of
complexation was interpreted via numerous spectroscopic and physical methods. Also, the biological activity of the
isolated compounds were tested.

Experimental:-

Materials and reagents:-

All materials and reagents used are pure (Merck, Sigma or Aldrich). They included:

a. Organic substance; 2-oxo-2H-chromene-3-carbohydrazide and 3-oxo-N-(pyridin-2-yl)butanamide, HOL (oleic
acid).

b. Metal salts; [CO(CH3COO)2]4H20, [CdCIz]ZHzO, MnC|2.2H20, HgCIZ and Pb(N03)2

c. Solvents; Absolute ethyl alcohol, dimethyl formamide and diethyl ether.
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Solutions:-

A stock solution of: (a) HOL (oleic acid) (6.36x107 mol.L™) were prepared by dissolving 20 mL in one liter of
kerosene; (b) CdCl,.H,0 and Pb(NO3), (1x10 mol.L™) were prepared in 100 ml bidistilled water; (c) 1x107
mol.L™ of ligand was prepared in 100 ml absolute ethanol.

Instrumentation:-

Purpose

Apparatus

- Detect the infra-red spectrum

The FTIR spectrophotometer Mattson 5000, Madison, USA
(range 4,000-400 cm™)

- Record the "H NMR spectrum

The EM-390 (200 MHz) on a Varian Mercury-300 instrument
(Switzerland)

- Record the MS

The Mattson 5000 FTIR spectrophotometer

- pH measurements

The pH meter "Hanna instrument 8519 digital"

- Evaluate values of magnetic moment at
RT (25 +1°C)

The magnetic susceptibility balance "Johnson Matthey Wayne,
Pennsylvania, USA"

- Record the UV-vis.

The spectrophotometer Shimadzu UV 240 (P/N 204-58000)
(USA) in the range 200-900 nm

- Determinations the analytes concentration

GBC, Sensaa Series Atomic Absorption  Spectrometry
(computerized AAS) with air-acetylene flame

- Flotation and separation detection

Two types of cells which are cylindrical tube of (29, 45) cm
length and (1.2, 6) cm inner diameter with a stopper at the top

- Determination the % of (C, H and N)

The "Perkin-Elmer 2400 Series Il Analyzer"

Synthesis of H,L:-

The H,L was produced by adding of 2-oxo-2H-chromene-3-carbohydrazide (2.04gm) to 3-oxo-N-(pyridin-2-
yl)butanamide (1.78 gm) in 30 ml ethanol in existence of glacial acid(1 ml). The reaction mixture were stirred for 4
h (Scheme 1). The formed precipitate were filtrated and recrystallized from absolute alcohol.

Scheme 1:- The outline of the synthesis of ligand (H,L) and its metal complexes.

Synthesis of metal complexes:-
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The isolated solid complexes were synthesized by addition equimolar amounts of ligand (H,L) with hot ethanolic
and/or aqueous solution of chloride salt of Hg(ll) and Mn(ll); acetate salt of Co(ll). The mixture was heated on a
water bath for 3 h. The formed precipitate was filtered off, washed away with hot ethanol. The physical and
analytical properties were recorded in Table 1.

Table 1:- Elemental analysis and physical data of H,L and its metal complexes.

No. Compound Formula | M.Wt. Color | Yield | m.p. Found (Calculated)
C H N M Cl
H,L C1oH1604N, 364.74 Pale 80 270 | 6251 | 4.39 | 15.91 - -
Yellow (62.57) | (4.42) | (15.46)
[Hg(H,L)(H.0).Cl,] HgC1oH20N4O6Cl, | 672.369 | Yellowish | 75 | 300> | 33.89 | 3.02 8.37 29.92 | 10.60
white (33.94) | (2.99) | (8.33) | (29.83) | (10.56)
[Mn(H,L)(H,0)Cl,] MnCygH1gN4OsCl, | 508.694 buff 70 | 300> | 4481 | 3.59 | 11.02 | 10.82 | 13.93
(44.86) | (3.57) | (11.13) | (10.79) | (13.96)
[Co(HL)(OAC)(H,0)].2H,0 CoC;1H2409N, 535.7523 | brown 85 | 300> | 46.89 | 4.37 | 10.49 | 11.03 -
(47.08) | (4.52) | (10.46) | (10.99)

Molecular modeling:-

The DFT method used to predict the geometry of the isolated complexes via the GAUSSIAN 09 program package
by using DMOL3 program in Materials Studio package [21, 22]. The DNP basis sets are of analogous class to 6-31G
Gaussian basis sets [23]. The DNP basis sets more accurate than Gaussian basis sets of the identical size [24]. The
best brilliant exchange-correlation functional was measured based on the GGA and RPBE functional [25, 26].

Antibacterial and antifungal activities in terms of Minimum inhibitory concentration:-

« The MIC of the synthesized compounds was determined by applying agar streak dilution method [27].

¢+ The strains involved Staphylococcus aureus and Bacillus subtilis as Gram (+)ve bacteria; Escherichia coli and
Pseudomonas aeuroginosa as Gram (-)ve bacteria; Candida albicans and Aspergillus flavus as fungi

+«» For anti-bacterial the Ciprofloxacin (100 pg/ml) used as standard, but Fluconazole (100 pg/ml) was used as
standard for anti-fungal.

«» A stock solution (100 pg/ml) of the examined compounds in DMSO was prepared and then incorporated in
specified quantity of molten sterile.

A certain amount of the medium containing tested compound was decanted into a Petri dish to reach a depth of
3-4 mm at 40-50 °C and then, permitted to solidify.

+«+ The micro-organism suspension was set to take about 105 cfu/ml and smeared to plates with diluted compounds
in DMSO to be tested and then, incubated for 24-48 h at 37°C.

«» The MIC was measured until the lowest concentration of the test substance showing no visible growth of
bacteria or fungi on the plate.

Anti-oxidant activity screening assay - ABTS method:-

< In ABTS method; (2 ml, 60 mM) of ABTS + (3 ml, 25 mg/ml) MnO, + (5 ml, pH 7, 0.1 M) phosphate buffer
was added to investigated compounds.

%+ The absorbance was measured at A734 nm for the resultant green-blue solution after the mix was shaken,
centrifuged and filtered.

< After that, (50 ml, 2 mM) the investigated compounds was added to (1:1) methanol/phosphate buffer in
spectroscopic grade.

«» The absorbance was detected, and the intensity of color reduction was supposed as inhibition %. The L-ascorbic
acid (standard antioxidant) used as a (+) control.

«» Blank sample was run without ABTS and using methanol/phosphate buffer (1:1) in place of tested compounds.
However, the ABTS and methanol/phosphate buffer (1:1) used as a negative control [28, 29].

1% = (Aptank — Asample) ! (Apiank) X 100

Where Apiank 1S the absorbance of the control reaction,
Asample is the absorbance in the existence of the testers or standards.
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Anti-oxidant screening assay for erythrocyte hemolysis:-
Erythrocytes were gotten from the buffy coat and plasma then, the blood was acquired by cardiac puncture from rats
and then collected in heparinized tubes. After that, the mix was washed three times with 10 volumes of 0.15 M
NaCl, then, it centrifuged for 10 min at 2500 rpm to attain a regularly packed cell preparation. In this examine
system erythrocyte hemolysis was intervened by peroxyl radicals [30]. To the same volume of 200 mM of AAPH
solution in PBS, a 10% of erythrocytes suspension in pH 7.4 phosphate-buffered saline (PBS) was added to the
investigated samples at different concentrations. Then the mix was shacked and incubated at 37 °C for 1hour. Next,
mixture was detached, diluted with 8 volumes of PBS and centrifuged at 2500 rpm for 10 min. The absorbance (A)
of the supernatant was detected at 540 nm. Likewise, the mixture was conserved with 8 volumes of distilled water to
attain complete hemolysis then, at 540 nm the absorbance (B) of the supernatant attained after centrifugation was
determined. The % hemolysis was measured by the following equation:
% hemolysis = (1 — A/B) x 100%
Cell proliferation assay:-
« By MTT colorimetric assay the compounds inhibitory effects on cell growth was determine [31, 32].
+«+ The 100 units/ml penicillin and 100ug/ml streptomycin are the antibiotics used under 5% CO, at 37 °C for 48 h
incubator and seeds in a 96-well plate with density 1.0x10° cells/well [33, 34].
+«+ Then the incubated cells were conserved with dissimilar concentration of compounds for 24 h. next, 24 h of
medicine action, 20 ul of MTT solution at 5 mg/ml was added and incubated for 4 h.
«»  After that 100 ul of DMSO was added to each well to dissolve the purple formazan. The colorimetric test was
determined by using a plate reader (EXL 800, USA) at absorbance of 570 nm.
By using the following equation the % of relative cell viability was measured:
A570 of treated samples/A570 of untreated sample x 100.

Flotation-separation procedure:-
A definite amount of Cd** and Pb* solutions was added to the dissolved ligand. The pH of earlier mixture was
adjusted with sodium hydroxide and/or nitric acid to reach the preferred concentration. Then, the distilled water was
added to 10 mL with in the flotation cell. To confirm complete complexation, the cell was shacked well for 2 min
and then 2 mL of oleic acid were added. After that, the cell was inverted upside down 20 times by hand and left 5
min standing for comprehensive flotation. Lastly, the concentration of Cd** or Pb?* ions remained in the mother
liquor was investigated via AAS. The floatability % of Cd** or Pb®* ions was determined by using the following
equation:

F % = (C; - Cy) / Ci x100
Where: C; is initial concentrations; Cs is the final concentrations, of Cd?* or Pb?* ions in the mother liquor,
respectively.

Results and Discussion:-

IR and *H NMR spectra:-

In the IR spectrum of H,L (Table 2) , the bands observed at 1603, 689, 1750, 1655, 1675, 3285, 3180 and 3051 cm’
! are attributed to v(C=N), v(C=N),y, v(C=0);, V(C=0),, V(C=0)s, vV(NH);, V(NH),, v(CH,) [35-37]. Also, in 'H
NMR spectrum of H,L there are two signals observed at 11.27 and 12.23 ppm ascribed to the (NH); and (NH),
protons, respectively (Scheme 2). There are multiplet signals were showed in 6.60-8.04 ppm region related to the —
N=CH-and aromatic protons. There is a sharp signal correlated to protons of (~CH) at 3.46 ppm.
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In [Hg(H.L)(H,0),Cl,] complex the ligand behaved in a neutral bidentate manner coordinating via carbonyl oxygen
(C=0); and azomethine nitrogen (C=N). This mode of coordination is suggested by the negative shift of both
v(C=0);and v(C=N) the existence of new bands at 565 and 476 cm™ which ascribed to (Hg-O) and (Hg-N) [38],
respectively.

Also, in the IR spectrum of [Mn(H,L)(H,O)CI;] complex, H,L behaved as a neutral tridentate ligand chelating via
(C=N), (C=0), and (C=0);. This mode of complexation was supported by the negative shift of v(C=N), v(C=0),
and v(C=0)s. The appearance of new bands at the 563 and 467 cm™ that ascribed to v(Mn-0) and v(Mn-N) [38],
respectively.

Lastly, in [Co(HL)(OACc)(H,0)].2H,O complex, the ligand behaved as a mononegative tridentate ligand
coordinating via (C=N),,, (C=N) and (C=0)s. This manner of complexation is suggested by the absences of (C=0),
and (NH,), with immediate appearance of new bands at 1609 and 1275 attributable to (C=N*) and (C-O) enoiic,
respectively [39]. The appearance of new bands at 554 and 470 cm™ which may be attributed to (Co-O) and (Co-N)
[38], respectively.

Table 2. Most important IR spectral bands of H,L and its metal complexes

Compound | v(NH); | v(NH); | v(CHy) | v(C=0); | v(C=0), | v(C=0); | v(C=N) | v(C=N)y, | V(C=N*) | v(C-0) | v(M-0) | v(M-N)
enolic

1 3285 3180 3051 1750 1655 1675 1603 689 - - - -

2 3314 3189 3051 1752 1660 1649 1597 662 - - 565 476

3 3285 3184 3047 1750 1643 1638 1592 681 - - 563 467

4 3263 - 3067 1752 1652 - 1575 754 1609 1275 554 470

Magnetic moments and electronic spectra:-

In [Co(HL)(OAC)(H,0)].2H,0 electronic spectrum there are two bands at 17857 and 14084 cm™ attributed to
“Tig —“Ayg(F) and *Tyy — “T14(P) transitions, respectively, in an octahedral configuration [40]. The calculated
values of Dg = 743, B = 825, = 0.85 and v,/u; = 2.15 are in good agreement with those stated for octahedral Cobalt
(1) complexes. The position of v; = 6547 cm™ is calculated theoretically [40]. Moreover, the value of magnetic
moment that equal to 5.1 BM is consistent with octahedral geometry around the Cobalt (11) ion.

Geometry optimization with DFT method:-

The geometry of new molecular compounds resulting from the interaction between the H,L and several metal
cations can be predicted by using DFT method. The molecular structure beside with atom numbering of H,L and its
metal complexes were presented in Structure 1.

(© (D)

Structure 1. Molecular modeling of (A) H,L,(B) [Hg(H,L)(H,0),Cl,], (c) [Mn(H,L)(H,O)Cl,],
(D) [Co(HL)(OACc)(H,0)].2H,0
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Molecular parameters:-

The Quantum chemical parameters such as Epomo and E_ymo Of prepared compounds were estimated. Moreover,
dipole moment, total energy and binding energy were calculated as shown in Table 3. From the outcome data we can
assumed that:

Table 3:- The molecular parameters of the ligand and its complexes.

Compound | Total Energy Binding Energy Dipole moment HOMO LUMO
(Ha) (Ha) (debye) (eV) (eV)
1 -1254.429809 -8.3941386 3.8916 -5.523 -3.075
2 -2556.664661 -9.4867640 4.2017 -6.265 -3.661
3 -2373.548254 -9.3038517 7.0691 -4.463 -3.518
4 -1726.739102 -10.3842915 1.1535 -4.169 -3.421

1. The negative values of Eyomo and E| ymo indicated the stability of prepared complexes (Figure 1).

2. The lower values of Eomo indicated the molecule donating electron ability is small. On opposing, the larger
Enomo suggested that the molecule is a good electron donor.

3. The binding energy of complexes was greater than free ligand that showed agreat the stability of the
complexes.

4. The ligand exhibited higher value of dipole moment than prepared complexes that enhanced the potent activities
of the free ligands.

(B)

©
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Fig. 1:- The HOMO and LUMO of (A) H,L, (B) [Hg(H.L)(H,0).Cl,], (C) [Mn(H,L)(H.0)Cl,],
(D) [Co(HL)(OAC)(H,0)].2H,0

Molecular electrostatic potential (MEP) of H,L:-

The MEP was reflected a good descriptor sites for nucleophilic and electrophilic attack [41]. In the current study, 3D
plots of MEP were drawn for the ligand and their metal complexes (Figure 2). From the MEP, the electron-rich area
has red colour (favour site for electrophilic attack). However, the electron-poor area has blue colour (favour site for
nucleophilic attack) [42]. But, the green area indicated to the neutral electrostatic potential region.

- 829202

- 721002
- 510002
A

- 542

C B » - -5.466e-2
©) D)

Fig. 2:p Molecular electrostatic potential map for (A) H,L, (B) [Hg(H.L)(H,0).Cl,] ,
(C) [Mn(H,L)(H,0)Cl,], (D) [Co(HL)(OACc)(H,0)].2H0.

Biological activity:-
The biological activity of Coumarin derivatives was encouraged us to assume systematic studies on their
complexation affinity and test their abilities beside economically vital fungal and bacteria [43, 44].

Antifungal activity:-

The results revealed that the ligand and its metal complexes have an important activity against Aspergillus flavus
and Candida albicans (Table 4). The H,L and Mn(ll) complex are more potent against Aspergillus flavus than
Candida albicans in comparison with the standard drug Fluconazole [45].

Antibacterial activity:-

The investigated compounds along with Ciprofloxacin (standard drug) and DMSO (solvent control) were screened
individually for their antibacterial activity [46-48]. The activity of the tested compounds was matched to the activity
of Ciprofmloxacin as a standard antibiotic. The MIC values showed that H,L and Mn(ll) complex have the highest
antibacterial activity (Table 4).
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Table 4. Antibacterial and antifungal activities in terms of MIC (ug/mL)

Compound E. coli P. aeuroginosa S. aureus B. subtilis C. Albicans A. flavus
Ciprofloxacin 1.56 0.78 1.56 0.39 - -
Fluconazole - - - - 1.56 0.78
1 1.17 0.58 1.17 0.78 1.56 1.17
2 375 25 9.37 4.68 12.5 6.25
3 1.56 0.78 1.17 0.58 2.34 1.56
4 >100 50 25 18.75 37.5 25

The antioxidant activity of ligands and their metal complexes:-

The antioxidant activity of the tested compounds was estimated using ABTS assay [49]. All tested compounds have
low antioxidant activity except H,L and Mn(ll) complex demonstrated the maximum antioxidant activity in
comparison with standard ascorbic-acid. Additionally, the anti-oxidant activity of tested compounds was established
for erythrocyte hemolysis. All the tested compounds demonstrated weak anti-oxidative activity in the hemolysis
assay, but Mn(11) complex has well effects (Table 5, 6).

Table 5:- Anti-oxidant assays by ABTS method

Method ABTS
Abs(control)-Abs(test)/Abs(control)x100
Compounds Absorbance of samples | % inhibition
Control of ABTS 0.510 0%
Ascorbic-acid 0.055 89.2%
1 0.077 84.9%
2 0.223 56.3%
3 0.078 84.7%
4 0.245 52.0%

Table 6:- Anti-oxidant assays by erythrocyte hemolysis

Compounds Erythrocyte hemolysis
A/B x 100

Absorbance of samples (A) % hemolysis
Absorbance of H,O (B) 0.896
Ascorbic-acid 0.042 4.7%
1 0.116 12.9%
2 0.395 44.1%
3 0.089 9.9%
4 0.389 43.4%

The cytotoxicity of H,L and its metal complexes on HCT-116 cell line:-

The cytotoxicity examine of the investigated compounds against human colorectal carcinoma cells lines (HCT) were
demonstrated in Table 7. The data detected that the ligand (IC50 = 4.8 pg/ml) and Mn(Il) complex (IC50 =5.5
pg/ml) were established a greatly inhibitory effect than the other tested compounds. Conversely, Co(ll) complex has
greater IC50 value ( 47.8 pg/ml) revealed almost no activity [50].

Table 7:- Cytotoxicity (IC50) of tested compounds on HCT-116 cell line.

Compounds In vitro Cytotoxicity IC50 (pg/ml)
5FU 5.2
1 4.8
2 25.7
3 5.5
4 47.8
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lon-flotation separation:-

Influence of initial pH:-

The effect of initial pH were performed on the floatability of metal ions (2x10™* mol.L™) using 1x10 mol.L™ of
HOL and 2x10™ mol.L ™ of H,L. The results showed that, the maximum floatability were reached in the pH range (6-
10) for Pb* and (5-10) for Cd** ions (Figure 3). This enables the use of the H,L for the separation of metal ions
from different media.

T T T T
1004 100

/ o
904 1 904

S
Fo%
\

\
\
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70 T T T T T T o

pH PH

Cd2+ Pb2+

Fig. 3:- Influence of pH on the floatability of 2x10™* mol.L™ Cd** and Pb** ions using 2x10 mol.L™ of ligand and
1x10° mol.L™* HOL.

Influence of initial metal concentration:-

Attempts to float various concentrations of Cd** and Pb* ions using 2x10™ mol.L™ of H,L and 1x10° mol.L™ HOL at
pH~7 were carried out. The results displayed that the maximum flotation efficiency (~100%) of Cd** and Pb®* ions was
achieved and rested constant for the H,L whenever the ratio of M:L is (1:1) (Figure 4).The chelating agent presented
quantitative separation of Cd®* and Pb?* ions (~100%) which attributed to the presence of sufficient quantities of H,L to
bind all Cd** and Pb*" ions.

T T T T T T T T

-y
T
l\. ~

F%
3 3
/-
E

]
/

[MIx10* mole.L™* [M]x10* mole.L™*

cd* Pb**
Fig. 4:- Floatability of different concentrations of Cd** and Pb** ions using 2x10™ mol.L™ of prepared ligand and
1x10° mol.L™ HOL at pH ~7

Influence of ligand concentration:-

The collecting ability of H,L to Cd*" and Pb®* ions was experienced using 1x10° mol.L™ HOL at pH~7. The
outcomes data showed that, the floatability of Cd®* and Pb** ions increases sharply reaching its maximum value
(~100%) at M:L ratio of (1:1) (Figure 5). Additional H,L has no opposing effect on the flotation method, therefore
2x10™ mol.L™ of H,L was used throughout.
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Fig. 5:- Floatability of 2x10™ mol.L™ Cd** and Pb* ions using different concentrations of prepared ligand and
1x10°® mol.L™* HOL at pH ~7

1.1.1.  Influence of surfactant concentration

Trials were accepted to float Cd®* and Pb®* ions with HOL alone, however the recovery did not exceed 27.5 %.
Hence, further experiments were done to float 2x10™ mol.L™? Cd** and Pb* ions in the existence of 2x10™ mol.L™ of
H,L and various concentrations of HOL (1x10°3-5x102 mol.L™) at pH~7. The outcomes data showed that the HOL
concentration in 1x10°-9x10° mol.L™ range, high floatation % of Cd** and Pb** was reached (Figure 6). The partial
separation of Cd** or Pb®" ions at larger surfactant concentration assignable to the fact that the surfactant improved the
particles state, Cd®* and Pb** ligand precipitates, from coagulation precipitation via coagulation flotation to re-dispersion
with an increase in the added amount of HOL [51]. Moreover, at great surfactant concentration, poor flotation was
observed because of the formation a stable hydrate micelle coating on the solid surface or, by forming hydrated envelope
of surfactant on the air bubble surface [52, 53].

100 T T T T

l—"
904 "‘f————777,,,,,%”””% 90 Sole,
—o | —
804 a0 ~—
704
—+—(a) 1
L 6] —o— (b))
B3 N 60
% 50 -
50
40 —@
40 ——(b)
30 1
"‘rl'\.\. 30
204
204
T T T T T T : T T
0 1 2 3 4 5 0 2 4 6
[HOL]x10” mol.L* [HOL]x10? mole.L™
Cd?* Pb**

Fig. 6. Floatability of 2x10™ mol.L™* Cd** and Pb** ions using different concentrations of HOL in the absence (a)
and presence (b) of 2x10™ mol.L™ of prepared ligand at pH ~7

Influence of temperature:-

The Mixture containing Cd** or Pb*"ions, H,L and other solution involving HOL were either heated in a water bath
or cooled in an ice bath at the identical temperature. The HOL solution was rapidly poured into Cd®* or Pb** ions
solution. The mixture was bring together to the flotation cell. The outcome data shown the maximum flotation
(~100%) of Cd** and Pb®* ions lie in 15-80°C range (Figure 7). The decrease in separation by increasing
temperature more than 80°C due to the solubility of the precipitate increase and the instability of the foam giving
rise to partial dissolution of the precipitate and insufficient foam constancy to delay the precipitate [54].
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Fig. 7:- Floatability of 2x10™ mol.L™ Cd** and Pb*" ions at different temperatures using 2x10* mol.L™ of prepared

ligand and 1x10° mol.L™* HOL at pH ~7

Effect of presence of foreign ions

The percentage of removal of Cd®* and Pb* ions from a solution of pH 7 containing 30 mg.L™ of H,L was performed in
the existence of high concentrations of different cations and anions. The anions used as chlorides while, the cations used
as Na' or K* salts. The suitable quantities for each ion, giving an error (+ 4%) in the removal efficiency of Cd** and Pb**
ions (Table 8). The data indicated that all the foreign ions with comparatively high concentrations have no opposite
effect on the flotation of Cd** and Pb**.

Table 8:- Effects of the foreign ions on the removal percentage of the examined metal ions

lon Interference/analyte ratio (mg L™) Re % Cd(ll) Re % Pb(Il)
Na* 35 97.2 97.8
K* 35 98.8 99.8
Mg 25 96.6 98.3
Ca”’ 20 94.3 95.7
Cr 35 95.7 96.9
SO,” 35 97.9 97.1
HCOy 15 99.5 96.4
CH;COO 30 95.4 98.1

[M =2x10" mol.L™; Ligand = 2x10™ mol.L™"; HOL = 1x10° mol.L™; pH = 7]

Application:-

Numeral of experiments were done to study the applicability of the proposed method of recover Cd®* and Pb?* ions
spiked to 1L of aqueous samples. The flotation experiments were done at pH 7 using 50 mL filtered sample solutions.
The outcomes data shown that the recovery was acceptable and measureable under the suggested conditions of the
applied flotation method (Table 9).

Table 9:- Recovery of studied metal ions from some water samples

Water samples (location) Cd*™* Pb**
Added metal (mg.L™) Re% | Added metal (mg.L™) Re %
Mansoura 10.15 87.49 15 92.47
Bilgas 10.15 89.18 15 93.20
Alexandria 10.15 87.54 15 92.92
Sharm EI-Shiekh 10.15 84.32 15 95.10

[Ligand = 2x10™ mol.L™; HOL = 1x10™ mol.L"; pH = ~7]

Proposed flotation mechanism:-
The flotation mechanism of analyte-ligand precipitates was proposed depending on the following facts:
Cd** and Pb*" ions reacted with H,L in a M:L ratio of (1:1) to produce the M,L complex consistent with this
equation:

M?* + H,L = M,L + 2H"
H,L has several electronegative atoms such as nitrogen and oxygen in the form of C=N, C=0 and NH functional
groups that can form hydrogen bonds.
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The oleic acid began to dissociate at pH > 5.2 [54] and the % of different forms of HOL were detected by IR analysis
(Table 10). The IR spectra of oleic acid with changing pH indicated that at 1300-1800 cm™, there are significant bands
of COOH, COO" and COO'Na" [55]. These results agree with those reported [56] where, the C=0 stretching band of
oleic acid at 1705 cm™ is shifted on ionization to bands in 1520 -1540 cm™ range for sodium oleate. Thus, oleic acid can
performance together with other structures, via hydrogen bonding, either in (R-COOH) or (R-COO") forms depending on
the pH of the medium and agreeing with the following:

R-COOH + M,L = R-COOH.... LM,

R-COO + M,L =R-COO'.... LM,

The combination of oleic acid surfactant with the cadmium-ligand or lead-ligand chelate providing hydrophobic
aggregates that float with the assistance of air bubbles to the solution surface [57].

Table 10:- Different forms of oleic acid determined by spectrophotometric.

(%) Total
pH HOL or NaOL
5.2 100 0.0 0.0 100
8.0 6.5 34.2 0.0 100
8.2 38.5 57.7 3.8 100
9.0 13.6 68.2 18.2 100
11.5 0.0 80.0 20.0 100
12.0 0.0 52.2 | 47.8 100
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