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Abstract

New complexes were synthesized with the following metals [Cu (I}, Pb (1), and Hg (ll] based on
the new ligand of 4-((4-Formyl-2-Hydroxy phenyl) Diazenyl -N- (5-Methyl Isoxazol-3-yl) Benzene
Sulfonamide (FDS). This ligand was synthesized via reaction of 4-amin-N- (5-methyl-1, 2-oxazol-
3-yl) with (Para-hydroxy benzaldehyde) in the presence of alcohol alkaline solution. The
prepared ligand and its chelating complexes have been diagnosed by different spectroscopic
techniques such as "HNMR. The physical properties of the prepared compounds were
evaluated. Based on Lambert-Beers law, the resulting ideal concentration ranged between
0.00001- 0.0001 M. To determine the stoichiometry of complexes, spectral studies were
conducted for all of them, yielding a molar ratio of 1:2. The ligand has a bidentate behavior,
and the final structures of complexes are hypothesized to be octahedral.
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Introduction

Peter Greiss [1], discovered azo dyes in 1860, which
is one of the largest versatile class in comparison with
other types of dyes. It is notable by the presence of
functional group; (-N=N-) symmetrical and/or
asymmetrical alkyl or aryl radicals are correlated with
at least one heterogeneous aromatic system. Many
fields have the use of azo compounds including
medicine [2], industry [3], agriculture [4] and
analytical chemistry [5]. It also has a unique attention
within the fields of biological activities [6], anticancer
[7], pesticidal activities [8] plastics [9] and textile
dyeing and leather [10]. The chemical composition of
an azo dye consists of a backbone

(-N=N-), chromophoric, auxochrome, which are part
of azo group in addition to soluble groups. The color
of the azo dyes depends on the chromophores and
auxochromes [11]. The determination of the metal
ions is subjected to heterocyclic azo ligand with
classification of stability and the interaction speed
with ion metals and being categorized as highly
sensitive chromogenic ligand thus resulting in large
applications of spectrophotometric techniques due
to these reactions [12][13]. 70% of the dyes used
within the manufacturing sector are azo dyes [14].
Azo dyes that are used in the textile industries may
be poisonous thus have a negative impact on the
environment and public health [15], thus the waste
water discarded by the textile industries must be
treated accordingly [16]. Many physic-chemical
techniques are used to treat wastewater discarded
by fabric manufacturers [17]. Bacteria are utilized as
an example of biological (aerobic and anaerobic)
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mechanisms that causes dye degradation [18].

Material and Methods

Chemicals and Reagents

Samarra Drug Industries, Merck, BDH and Fluka are
the main suppliers for the chemicals used.

Pure sample of sulfamethoxazole, molecular formula
Ci1oH11N3O3S and molecular weight (253.28)

Instrumentation

The Bruker processes are utilized for the analysis of the
'HNMR spectra through the use of spectrophotometer
(400 MHz) which includes the DMSO-dé solvent for
measuring purposes with TMS as an internal
standardized reference. The metal ratio within the
complexes can be determined through using UV-
Visible spectrophotometer Shimadzu AA-7000 style
flame atomic absorption system. A platinum electrode
system; thermal and melting point system form (9300
u.k), Utilizing Cond.720 (WTW) is used to calculate the
molar conductivity of the solution.

Synthesis  of  4-  ((4-Formyl-2-Hydroxyphenyl)
Diazenyl)-N-

(5-Methyl Isoxazol-3-yl) Benzene Sulfonamide (FDS).
ligand is prepared through the use of shibata’s
method [19] with numerous adjustments on the
diazotization linking reaction (Scheme.1). Equimolar
(0.005) solutions of sulfamethoxazole (1.2664 g) with
Para-hydroxy benzaldehyde (0.610613 g), were
dissolved in absolute ethanol mixture (1:1).

The mixed solution will be cooled to (0°C) and
NaNO; solution (0.345g) of sodium nitrite (10%) will
be added, stirred continuous for (30 min) at
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temperature (0-5°C) and kept overnight as a final
step for the diazotization process. Brown reddish
crystals of sulfamethoxazole azo was formed in the
reaction mixture, which was filtered and washed
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using distilled water, then dried. melting point of azo
dyes was recorded. The reaction was followed by a
thin layer chromatography (TLC) technique.
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Scheme1. Synthesis 4-((4-Formyl-2-Hydroxyphenyl) Diazenyl -N-(5-Methyl! Isoxazol-3-yl(

Benzene Sulfonamide) (FDS).
Preparations of the standard solutions

Preparation of the metal ion solutions in
concentration of (1x103 M) and have dissolved the
weights within acceptable parameters within each of
the salts previously mentioned [CuCl,.2H;O,
Pb(NOs), and HgCl;] through buffer solutions.
Simultaneously, the range of concentrations are
prepared using the reagent solutions which were
formed through dissolving the convenient weight
(FDS) by using ethyl alcohol.

Synthesis of Complexes

synthesis of all complexes were completed through
adding (0.02 mole) of (FDS) ligand solution which

was prepared in (1:1) mixture of ethyl alcohol and
distilled water, with stoichiometry amount (0.01
mole) of Hg (Il), Cu (ll) chloride and Pb (ll) nitrate salts
separately being dissolved in buffer solutions at the
desired acidic value pH within every metal ion. This
mixture solution will continuously be stirred and kept
overnight until coloration (dark orange) appears in
solution. Filtered and washed using distilled water,
dried, melting points of all complexes were
recorded.

3. Results and discussion

The analytical results of complexes are given in
Table1. All the chelate complexes have an ionic
character and soluble in the most of organic solvents.

Am (S.mol”".cm?) in Mixed of Ethanol and distilled water M.P °C Color M.F.
---------- 155-160 |riddish — brown (C17H14N4055)
44 240-245 |Orange —brown| Na, [Cul,Cl;]
47 190-195 Light brown Na, [HgL.Cl;]
519 210-216 |Orange —brown|Na, [PbLy(NOs);]

A variety of studies have been conducted on molar
concentration (0.000005 - 0.0002 M) for (FDS) along
with the metallic ion solutions. The concentrations
(0.00001-0.0001M) are appropriated for Lambert
Beer's law, which resulted in straight line Fig. 1.
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Fig.1The Linear Relations Between Absorbance and
Molar Concentration.

Analysis was conducted on the desired pH value with
the range (2-12), at (Ams) for each complex, which
were plotted on the graph as shown in Fig. 2.
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Fig.2 Optimal Acidic Value of Cu(ll), pb(ll) and Hg(ll)
Structures at (Amax) of Each.

Ratio of Metal - ligand [ Metal : ligand]

This method necessitated the preparation of a set of
solutions that contain various concentrations of moles
within the reagent component solution (1x104-1x10-
4M) with a fixed moles concentration of the metal ion
solution (3x10°M). Subsequently, the absorbance of
the complexes solutions was calculated accordingly to
its respective wavelengths as well as its optimal acidic
value for each of the metal ion complexes. However,
the results have shown that the absorption only
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occurred on the formed complex [20]. From the graph
between the mole ratio on the x-axis and the
absorbance on the y-axis, where the intersection point
of the two straight lines towards the x-axis represents
the mole ratio (metal: ligand) of the formed complexes,
it was concluded that the ratio of the metal to ligand is
1:2 (metal-ligand) for all complexes as shown in Fig.3 .
Stoichiometry of the kind ML2 and chelating reagent
(FDS) behaves as a bidentate, coordinated with metallic
ions by (N,O) to result a five-membered chelating ring
and octahedral configuration [21] Fig.4.
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Fig.3 Mole Ratio Method for prepared Complexes
Solutions.

Fig.4 Proposed Configuration of Even the Formed Complexes.

Where X = Cl -, NO3*, M = Cu (ll), Pb (Il), Hg ()
Estimation the Stability Constant (K) , Free Energy
(AG),Enthalpy(AH) and Entropy(AS) of the Metal
Complexes.

The following equation is used to calculate K for Cu
(1), Pb (1) and Hg (Il) complexes for a mole ratio (M:
L) (1:2).

K= (1-a) / 4a3C2 (1)

a=A-A /A,

where a is the dissociation degree

A denotes the solution absorption at stoichiometric
ligand with metal ion quantity.

An denotes solution absorption at the same volume
of metal and excess of ligand.

C denotes the concentration of complex solutions at
molar.

In order to calculate (K), the (Abs) will need to be

known for the ligand and metal ion combined
solutions in a specific (Ana) and optimal pH of all
metal ions [22]. The (K) value for complexity are
shown in (Tabl.2). The complexes of (K) have the
following sequence:

CU 2+ > pb2+ > H92+

The sequence is in accordance to the Irving-Williams
stability constant series [23].

The equation (AG = - RTLn K) is used to calculate
Gibbs free energy (AG) where R = constant of gas =
8.314 J.mol" k™, T = absolute temperature (kelvin).
From Van Hoff equation :

Ln K = (-AH/RT) (2)

Calculated the value of (AH) and also (AS) was
calculated from the following thermodynamic
relationship :

G =AH -T AS (3)A

HA kJ Ln K Stability Molar
SA kJ. mol” 5 |GAkJ.mol"| 1, | constant (K) |absorptivity L| Optimal pH | Compound
mol’ L’mol . 2 A A
L2 mol cm™ mol
""" - 6-7 (C47H1aN,Os)
0.212 -1.3469 -64.712 26.120 | 2.207x10" 2540 9.8 Na[Cul,Cl;]
0.0923 | -33.9476 | -61.744 | 24.920 | 6.653x10"° 2455 10 Naz[PbL;(NO3),]
-0.162 -109.944 | -61.411 24.787 | 5.85 x10™ 3050 10.5 Na,[HgL,Cl;]

The results of the calculation of thermodynamic
values showed that the coordination process is an
spontaneous process (-AG) for all complexes, the
formation reactions of copper (ll), lead(ll) and
mercury(ll) complexes are exothermic reactions (-
AH). All complex preparation reactions are
exothermic reactions and a positive value (AS).
copper(ll), lead(ll) complexes refers to that the
formation of divalent complexes (automatic), this
leads the reaction towards the products [24], while a

negative value (AS) of mercury(ll) complex refers to
that the formation of divalent complexes (not
automatic), this leads the reaction towards the
reactants.

TH NMR Spectrum

'"HNMR spectrum of (FDS) show the expected
characteristic signals .The CH3 proton gives singlet at
8 2.63 ppm, Also a multiples peak at § 7.4 -7.9 ppm
aromatic protons for and peak at § 8.9 ppm to
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aliphatic H of (C=0) aldehyde. In addition singlet
peak at & 9.7 ppm to (NH). Proton of OH shows
resonates as a singlet at § 9.3 ppm in case of ligand
but this peak disappears in the complexes indicating
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the involvement of phenolic oxygen in the
coordination by deprotonating [25]. Finally, the
solvent signal appeared at § 2.5 ppm return to
(DMSO-dé) [26] .
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Conclusion

The present study included the synthesis of ligand 4-
((4-Formyl-2-Hydroxy Phenyl) Diazenyl)-N-(5-Methyl
Isoxazol-3-yl) Benzene Sulfonamide (FDS) and their
complexes easily after fixed optimum condition of
concentration and acidic value , and mole ratio of
ions (Cu?*, Pb?*, Hg?*) with the possible structures.
The complexes were generally prepared in strong
basic medium.

The reagent behaves as bidentate and a five-ring
formation, which increases the stability

of the complex formed and this is evidenced by the
values of the formation

The results of the calculation of thermodynamic
values constants obtained from this study.

showed that all complex preparation reactions are
exothermic reactions , in addition to

. being spontaneous reactions
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