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Abstract---In this research, the nanoorganic reagent 4 (4-
sulphophenylazo) pyrogallol was prepared by the method of forming
diazonium salt in an acidic medium by coupling the compound
sulfadiazine with the compound pyrogallol. The reagent complex with
iron (III) was also prepared. The prepared reagent and complex were
diagnosed through electronic spectrometers, UV-Visible

Spectrophotometers, IR, and X-ray diffraction measurements, XRD,

and 1H-NMR-C13-NMR measurements. The effect of the solvent, the
acidity function, and the metal ratio of the 4-SPAP reagent were also
studied, and the solid metal complex of iron was prepared from the
transitional elements depending on the optimal conditions of
concentration and molar ratio at the pH of this metal. The calibration
curve of the iron complex was determined. Where the detection limit

(LOD) was 2.2 ppm and the quantitative limit (LOQ) was 7.4 ppm.

Keywords---azo reagent, sulfadiazine, pyrogallol, spectral study.

Introduction

Nanomaterials are considered one of the distinguished categories of very small
materials that are prepared in the laboratory, or those that actually exist in
nature and whose internal dimensions range between 1 and 100 nm. The purpose
of minimizing the sizes of these materials is to make them behave differently from
traditional large-sized materials whose dimensions are more than (100 nano) as
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they have distinctive qualities and properties that are not found collectively in
those traditional materials. This facilitates the delivery of medicines and
therapeutic drugs to the affected part through membranes and vessels (1.2.3.0ne
of the important organic compounds that are used as reagents in the inorganic
analysis of metal ions is the widespread azo compounds because of their ability to
coordinate with most elements of the periodic table and their formation of stable
and colored products #5). This type of reagent contains the azo bridge group (-
N=N-) 6.7.8). The azo compounds are either aromatic or nitrogenous and are the
most stable due to the presence of the phenomenon of resonance in them, as well
as the speed of their interaction with metal ions, and the stability of the
complexes that form. This is the reason for the wide spread of these kinds of azo
compounds. As for aliphatic reagents, they are less widespread, and this is
because of their rapid dissociation into nitrogen and hydrocarbons ©).

Methods
Synthesis of 4(4-Sulphophenylazo)pyrogallol

The reagent (4-SPAP) was prepared according to the standard azo method(9),
where 0.01 mol (2.27 g) of sulfadiazine was dissolved in a mixture of 10 ml of HCL
37% and 80 ml of distilled water, and the mixture was cooled to a temperature of
S - 0 C). Then add 0.01 mol of sodium nitrite and cool for a period of 30 minutes.
Then this diazonium chloride solution was added to a solution of (1.26 g) 0.01
mol of pyrogallol dissolved in a mixture of 30 ml of ethanol and 100 ml of NaOH,
leaving the mixture for two hours at a temperature of (5 - O C). Then add 100 ml
of distilled water and leave the mixture for 24 hours. Then the precipitate was
filtered and washed several times with ion-free water and recrystallized with
absolute ethanol, and the precipitate was left to dry. the melting point (167-165
C).

Preparation of solutions

The standard solution of organic reagent: The reagent solution was prepared by
dissolving 0.1935 gm (0.01M) of the reagent (4-SPAP) in 50 ml of ethanol.
Standard solution of organic reagent complexes: (0.01M) 0.081gm of Fecl3 metal
salt is dissolved in 50ml of buffer solution at pH = 7 to perform the spectroscopic
measurement of the standard iron experiment .

Study the effect of solvent: Studying the effect of a change on the 4-SPAP reagent,
different polar solvents were used, such as ethanol, methanol, toluene, 2-
propanol ethylene glycol, THF, DMSO, and acetone in the laboratory, and by
dissolving a certain weight of the reagent in the solvent used Then, using the UV-
Vis device, determine the change in molar absorption and the maximum
wavelength.

Study of the effect ( pH): The effect of the pH function of each metal complex
under study was studied with a fixed concentration within the range (1.25*10 4 -
2.5%10 ) M.
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Iron complex (III) preparation) Fe(4-SPAP) 2: The iron complex was prepared with
a molar ratio of L:M [2:1] by adding 0.02 mol of reagent dissolved in 30 ml of
ethanol to 0.01 mol of iron chloride (III) dissolved in 30 ml of buffer solution at pH
= 9. The color changed at the moment of mixing to a reddish brown. After that,
the mixture was heated for 30 minutes at a temperature of 60°C, and the
formation of a black precipitate was observed.

Results and discussion
Spectral study

Spectrum of UV-Vis Absorption Figure (1): The bands of the absorption spectrum
of ultraviolet visible rays of the prepared reagent show two transitions, the first
band due to the transitions from (n —»m*)to the azo group, and the second band
goes back to the electronic transition (m—=n*) goes back to the electronic
transition(r—n*). And figure (2) shows the UV spectra of the iron complex.
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Figure( 1) UV-Visible Spectrum Detector(4- SPAP) at max=400nm
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Figure (2) UV-visible spectrum of Fe(Ill) complex at max=425nm

Infrared absorption spectrum: The prepared reagent was described by their
spectrum of FT-IR, as shown in Figure (3,4). Table (1) shows the sites of the
beams of the reagent, and iron complex. Table (1) shows the important beams in
the infrared spectra of the (4-SPAP) detector and the iron complex in unit (cm?).

Compound SPA P 4- Fe(SPAP),
U(N-H) amine 3348.54 cm! 3632.08 cm!
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u(O-H) Ar 3342.75 cm! 3412.19 cm!
u(C-H) Ar. 3053.42 cm! 3144.07 cm!
u (N=N) 1438.94 cm! 1437.02 cm!
u (C=C) 1581.68 cm! 1581.68 cm!
SO2 group 1340.57 cm- | 1340.57 cm!
lasym asym
1151.54 cm! | 1155.40 cm-
sym lsym
v (M-O) | - 478.36-420.50
cm’!
v M-N) | - 511.15 cm'!
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Figure( 3) shows the FT-IR spectrum of the (4-SPAP) detector.
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Figure (4) shows the FT-IR spectrum of the Fe(SPAP)2complex.

(4-SPAP) reagent and iron complex H1-NMR-C13-NMR spectrophotometer 'H-
NMR : was diagnosed by (4-SPAP) reagent using the solvent (DMSO-d6). An A
band appeared at = 15.3 ppm, which represents the most acidic OH group of the

pyrogallol ring. As for the group (1H-SO2NH) at

11.5 ppm, as well as the

protons of the ring, pyridine and the benzene ring in sulfadiazine at = 7.3-8.5
ppm, as for the proton attached to the nitrogen atom in the azo group (N=N) on
one side of the pyrogallol ring and the benzene ring on the other side of the azo
group, the band appears at 6.5-7 ppm. A single wide beam belonging to the water
molecule was observed at = 3.5ppm and the solvent bundle of DMSO at = 2.5ppm,



5894

as shown in Figure (5). As for the spectrum of the C13-NMR detector (4-SPAP)
using the solvent DMSO, it was observed that a signal appeared at the sites
(116.19, 158.81, 157.41 ppm) back (C = C) of the pyridine ring. As for the benzene
ring, it shows the sign (C = C) at the sites (121.98, 127.89, 129.33, 129.43 ppm),
as well as the appearance of At (133.33, 140.96, 146.41 ppm), but the solvent
signal appeared at the site. (40) ppm, as shown in Figure (6).
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Figure (5): 1H-NMR spectrum of a (4-SPAP) detector
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Figure (6): C13-NMR spectrum of the (4-SPAP) detector.

X-Ray Diffraction (XRD): To study the crystal structures of each of the reagent
and the iron complex in its solid state, we use X-ray diffraction. The spectra are
shown in Table (2) and Figure (9) within the angular range26 (20- 80) to know
some of their structural properties such as crystal structure, crystal size, and its
purity can be estimated. The diffraction peaks have a review of several things
(11.12), The appearance of high peaks for the prepared iron reagent and complex is
an indication on the presence of crystal levels and a crystal structure of high
homogeneity high crystalline nature, while point peak Low crystalline X-ray
spectroscopy on low crystalline structures!s.14. The detector also showed several
reflections and the highest intensity was (I/I0) 100% at 20 = 31.8817°
corresponding to the value of d = 2.80704.
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Table (2) represents the values of d-spacing, diffraction angles, relative intensity,
and average crystal size of the reagent (4-SPAP) in its solid state

Material 20 FWHM | Intensity | d- Crystallite Average
(I/Io) % | spacing | Size D(nm) Size
(Ao) D(nm)
31.8817 | 0.2952 | 100 2.80704 | 2.80704 24.61786
4-SPAP
45.6225 | 0.246 S57.4 1.98851 | 1.98851
56.6475 | 0.2952 | 13.91 1.6249 1.6249
66.3888 | 0.2952 | 5.03 1.40815 | 1.40815
75.4719 | 0.2952 | 9.71 1.25965 | 1.25965
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Figure (7): XRD spectrum of (4-SPAP) reagent

The effect of the acid function (pH): The appropriate pH of the iron ion was
studied with the 4-SPAP reagent, and it had the highest absorbance at pH = 9,
shown in figure (10):
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Figure( 8) Effect of PH on absorbance at Amax for Fe(lll) mixing solutions with 4-

SPAP

Study the effect of solvent: The aim of studying the effect of the solvent is to know
the extent to which polarity affects the displacement of the absorption sites in the
spectrum A max, As well as knowing the appropriate solvent for the process of
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preparing the reagent and metal complexes during the study, as shown in the
table (3):

Table (3) Effect of solvent on reagent 4 (4-SPAP) with concentration M (1x10-4) in
different solvents using an uv-visble spectrophotometer

protic solvents aprotic solvents

Solvent Abs. Amax | Solvent Abs. Amax
Ethanol 0.209 | 400 DMSO 0.167 269
Methanol 0.114 | 411 THF 0.274 402
2-propanol 0.063 | 409.5 | Acetone 0.28 443
Ethylene glycol | 0.194 | 409 Toluene 0.793 365

Molar ratio determines the ratio of( metal: ligand): The molar ratio is one of the
important spectroscopic methods. This method is used to determine and specify
the ratio of the metallic metal to the detector, to form the metal complex. As
shown in the table (4):

Table (4): The molar absorbance of iron ion complex solutions with the azo
reagent (4-SPAP) at the maximum wavelengths (A max = 425nm) corresponding to
the molar ratios (M:L).

NO | M/L Absorbance Fe(III)
1 1: 0.25 0.030
2 1: 0.5 0.036
3 1: 0.75 0.042
4 1: 1 0.055
5 1: 1.25 0.062
6 1: 1.5 0.073
7 1: 1.75 0.084
8 1: 2 0.096
9 1: 2.25 0.098
10 | 1: 2.5 0.102
11 | 1:2.75 0.104
12 |1:3 0.106
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Figure (9): is a curve of the molar ratio of the iron complex with the reagent at 425
nm
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Calibration Carve for Iron Complexes with Reagent 4-SPAP:
The calibration carve for iron complexes was determined by preparing a series of
standard solutions of iron complexes, respectively, using a (Visible-UV) device.
Absorbance values for these solutions were obtained at their greatest wavelength.
By plotting the absorbance values against concentration, the calibration curve
was.

Table (5): Estimating the accuracy and validity of the analytical method for
determining the concentration of iron ions

Parameter Value(Fe3Y)
A max DM 425
Arithmetic mean(x) 0.041889
standard deviation SD 0.0110277
simultaneous relative | 26.326176
standard deviation
%RSD
Regression Equation Y=0.0149x-0.0163
Limit of Detection | 2.220351
(ppm)LOD
Limit of Quantitation | 7.40117
(ppm)LOQ
Correlation Coefficient R? | 0.977
0,07 -
0,06 -
g 0,05 -
E 0,04 -
5 0,03 -
< 002 - y =0,0149x + 0,0163
0,01 - R?=0,977
0 T T T T T )
0 0,5 1 1,5 2 2,5 3
moler concetrion
M/L
Figure (10): Calibration curve of the iron complex with the 4-SPAP detector at
(425nm)
Conclusion

A new nanoorganic reagent was prepared using the azo method by coupling
sulfadiazine with pyrogallol as well as preparing the iron complex. The spectral
properties were studied using the UV-Vis spectrum, where a peak appeared at the
highest wavelength, Amax = 400nm, and the iron complex at A max= 425nm, as
well as IR and measured 1H-NMR-C13-NMR as well as the crystal structure were
revealed. For a detector with XRD technology, and from calculating the value of
the particle size, it was found that it is within the nanoscale.
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