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Abstract

Nanoparticle drug delivery systems are precisely designed technologies that utilize nanoparticles to deliver therapeutic drugs to specific targets
and regulate their release. In recent times, nanoparticles have garnered significant interest owing to their potential for efficient drug delivery. This
work is aimed at synthesizing Fe(II) and Cu(II) nano-sized complexes of sulfamethoxazole (SMX) using the sonication method. The physical
and spectroscopic studies showed a colour change from white to grey, and a decrease in melting points suggested the formation of the metal
complexes. The nanometal complexes were insoluble in water. XRD analysis showed that the crystallite sizes of Fe(II) and Cu(II) nanometal
complexes were determined to be 76.08 nm and 37.13 nm, respectively, using the Debye-Scherrer equation. The FTIR results of the SMX, Fe(Il),
and Cu(II) nanometal complexes showed a shift of the amine band from 3243 to 3191 cm™! and the sulfone band from 1154 to 1092 cm™! in both
complexes. The proton NMR showed a shift of the amine proton from 6.100 ppm to 6.035 ppm in the spectra of the Cu(II) complex. The amine
chemical shift was absent in the spectra of the Fe(II) complex, showing deprotonation. The carbon-13 NMR spectra showed a similar chemical
shift. The spectra studies indicated that SMX coordinated with the metal ions through the amino and sulfone groups. A tetrahedral structure was
proposed for the complexes. SMX coordinated as a bidentate ligand to Fe(II) and Cu(Il) ions.
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1. Introduction bigger particles made of the same metals [2]. An exceptional
benefit of nanoparticles is their capacity to infiltrate flawed

Nanoparticles (NPs) are a formulation with a diameter be- 604 capillaries, resulting in enhanced uptake of the encap-
low 100 nm [1]. NPs possess a size that is comparable to the di-  gyJated medication by infected cells in comparison to normal
mensions of existing functional units. This enables engagement cells. Nanoparticles provide protection against drug inactiva-
with nucleic acids, proteins, or lipids. Due to this characteris-  (jon and improve the drug substance’s distribution qualities.

tic, there has been a notable augmentation in the movement of Utilizing nanoparticles allows for the augmentation of physico-
nanoparticles into internal cellular structures when compared to chemical properties by greatly improving the compound’s sol-
ubility. This leads to easier drug administration to patients and
longer retention time in the human body [3].
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cially metal complexes, has been shown to possess better tox-
icological and pharmacological properties [4, 5]. These im-
proved properties, especially complexes, have been identified to
show favorable biopharmaceutical activity pertinent to dosage
formation and drug delivery [6, 7]. This became necessary be-
cause the continuous abuse (misuse) of antibiotics has caused
a gross growth in the number of bacteria that are resistant to
drugs [8, 9]. Researchers have observed that several transition
metals, due to their ability to bind nucleophilic (electron- rich)
components such as proteins and DNA, have various effects on
biological processes [10, 11]. This discovery has also led to
research into adding metal ions, especially transition metals,
to the structure of of drugs so that they can interact with bio-
logical systems in a way that is controlled and has a healing
effect [12, 13]. Transition metals tend to bond to a variety of
molecules known as coordination compounds due to the pres-
ence of partially filled d-orbitals [12, 14].

The quest for the discovery and synthesis of more effica-
cious therapies, therapeutic materials, and other tools, as well
as devices of lower toxicity than the existing ones, has led to the
development of new nanomaterials, some of which have shown
high biomedical performance [15]. The micromic size in addi-
tion to the large surface area of nanoparticles has become a rea-
son for the enhanced colloidal stability, leading to an increase
in the bioavailability score, which demonstrates the capacity to
cross the blood-brain barrier, enter the pulmonary system, and
absorb endothelial cells [16]. In recent times, scientists have
faced the challenge of balancing the positive and therapeutic
effects of metal oxide nanoparticles with their negative effects
or toxicity, which has become a significant obstacle to the de-
velopment of nanoparticles [15].

SMX (Figure 1) has been judged to be the most used sul-
fonamide in the area of human medicine for the reason that it
is a good bacteriostatic antibiotic [17]. Its use is very promi-
nent in synergistic combination therapy [18]. The discovery of
sulfonamides came as an alternative to the hypersensitivity of
penicillin because of its ability to interfere by reaction with p-
aminobenzoic acid (PABA) during the synthesis of tetrahyfro-
folic acid in biological systems, therefore influencing the bac-
terial metabolic process [19]. Several drugs containing sulfa
compounds have been identified as treatments for malaria, lep-
rosy, tuberculosis, and even cancer [20], but the incessant bac-
terial resistance to these drugs has in the past few years lim-
ited their use and also made for modified forms of these com-
pounds for more therapeutic use. The field of medicinal inor-
ganic chemistry has advanced as a result of the discovery that
physiologically active molecules and metals combine to pro-
duce better therapeutic compounds [21]. The SMX molecule
has donor atoms like nitrogen, oxygen, and sulphur in different
parts of its structure. These enable it to behave as a polydentate
ligand, connecting with different metal ions to form chelates
[22].

Rostamizadeh et al. [23] reported the synthesis of SMX
complexes, but to the best of our knowledge, the synthesis of
Fe(II) and Cu(II) nano-sized complexes of SMX is yet to be re-
ported. We hereby report the sonochemical synthesis and char-
acterization of Fe(Il) and Cu(II) nano-sized complexes of SMX
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Figure 1. Chemical structure of sulfamethoxazole.

CHs

Table 1. Melting points of SMX and its nanometal complexes.

Compounds Colour MP (°C) % Yield

SMX white 172 -
[Fe(SMX)(H,0),] grey 150 75
[Cu(SMX)(H,0),] grey 160 81

for future biological activity.

2. Materials and Methods

2.1. Chemicals and solvents

The analytical grade SMX salt was obtained from Andhra
Organics Limited, India.

2.2. Synthesis of Fe (Il) and Cu (II) nano-sized of SMX by ul-
trasonic sonicator method

The nanometal complexes were synthesized by ultrasonic
sonicator method described by Abdel- Rahman er al. [24].
Equimolar (0.1 mole) solutions of SMX (2.53 g) and metal ions
(2.78 g of FeSO4.7H20 and 1.59 g of CuSO4.5H20) each were
added together. The mixture was stirred and positioned on an
ultrasonic probe of an ultrasonic sonicator that operates at 24
kHz with a maximum force output of 400 W for 30 minutes.
The mixture obtained was filtered with a Whatman No. 1. filter
paper. The filtrates were then carefully kept in the desiccator
to dry. Each of the complexes was stored in a neatly labeled
container.

2.3. Physical and spectroscopic analysis
2.3.1. Melting Point

The melting points (in degrees) for the nanometal com-
plexes were carried out using the Gallenkamp melting point ap-
paratus.

2.3.2. Solubility Test

The solubility of SMX and nanometal complexes was tested
using different solvents of varied polarity, such as n-hexane,
ethanol, water, ethyl acetate, and dimethylsulfoxide. Exactly
0.1g of the complex was taken and dissolved into a correspond-
ing 3 ml of the solvents at 25 °C.
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Table 2. Solubility profile of SMX and its nano metal complexes.

Compounds n-Hexane Distilled water FEthanol Ethyl Acetate DMSO
SMX SS SS S S S
[Fe(SMX)(H,0),] SS IS S S S
[Cu(SMX)(H,0):] SS IS S S S

Table 3. Summary of the UV/vis peaks; a comparism of the SMX and its nano metal complexes.

Compounds Transitions Amax (nm)
SMX T — ;% 302, 306, 311, 316, 320, 325
[Fe(SMX)(H,0),] T Tk 209
n — % 269
STy — E, 548
[Cu(SMX)(H,0),] T — T 209
n — * 269
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Figure 3. UV/Visible spectrum of [Fe(SMX)(H,0),].

2.3.3. UV)Visible spectroscopy

The UV/Visible spectral measurements of the synthesized
nanometal complexes were obtained using a UV-1800 series us-
ing dimethoxysulfoxide as solvent.

2.3.4. Infrared spectroscopy

The ligand and nanometal complexes were subjected to
FT-IR spectra analysis. IR spectra were obtained using a
Perkin Elmer Spectrum BX FT-IR spectrophotometer (4400—
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Figure 5. FTIR spectrum of SMX.

600 cm™!) in KBr pellets.

2.3.5. Characterization of the nano-sized particles by x-ray
diffraction

The pulverized samples were pelletized, sieved to 0.074
mm, and then taken with an aluminium alloy grid (35mm x
50mm) on a flat glass plate and covered with paper. Wearing
hand gloves, the samples were gently pressed with the hand to
become compact and ran through the Rigaku D/Max-IlIC X-
ray diffractometer. The machine was set to produce diffractions
at a scanning rate of 2.0/min in the range of 2 to 500 at room
temperature with CuKa radiation set at 40 kV and 20 mA. The
crystallite size of the nanometal complexes was calculated us-
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Table 4. Summary of the IR peaks; a comparison of SMX and its complexes.

Absorption bands in cm™

1

Compounds N-H S=0 C-0O M-N M-O
SMX 3299 1305, 1140 1267 - -
[Fe(SMX)(H,0),] 3243 1308, 1092 1267 757 667
[Cu(SMX)(H,0),] 3191 1304, 1092 1267 783 671
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Figure 6. FTIR spectrum of [Fe(SMX)(H20)2].
Figure 8. XRD pattern of [Fe(SMX)(H,0),].
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Figure 7. FTIR spectrum of [Cu(SMX)(H,0),].

ing Debye-Scherrer’s equation, D=K}/ (§ cos 0) where D is
the crystallite size of nanoparticles, K is the Scherrer constant
= 0.98, A is wavelength. f is the full width at half maximum
(FWHM).

2.3.6. Nuclear magnetic resonance

The NMR spectra measurements were obtained on a Nanal-
ysis X-685 benchtop NMR with a machine frequency of 60
MHz and using deuterated DMSO as solvent.

3. Results and Discussion

3.1. Colour, Melting point and yield (%)

The colour, melting point and yield (%) are presented in
Table 1.

SMX and their metal complexes are crystalline, non-
hygroscopic, and air-stable compounds. The change in colour
from white (ligands) to grey suggested that coordination oc-
curred as transition metal complexes are coloured [25, 26]. The
nanometal complexes of SMX were observed to have melting
points lower than those of the ligand. This could be attributed to

1000-
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Figure 9. XRD pattern of [Cu(SMX)(H,0),].

Figure 10. SEM monograph of [Fe(SMX)(H,0),].

an increased proportion of surface atoms as the size of particles
decreases [27].
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Table 5. The XRD spectra data showing the 260, FWHM, wavelength and particle size.

Compound 20, FWHM A (A) Crystallite size (nm)
[Fe(SMX)(H,0),]  25.515 0.12 1.654 76.08
[Cu(SMX)(H,0),] 34.345 0.238 1.568 37.13

Table 6. Summary of the 'H NMR bands; a comparison of the ligand SMX and its complexes.

Chemical shift in ppm

Compounds H of H of H of H of
Isoxazole aromatic methyl H,0
SMX 6.107 6.598,7.485 2.290 -
[Fe(SMX)(H,0):] 5.995 6.528,7.397 2471 3.375
[Cu(SMX)(H,0),] 6.035 6.635,7.360  2.295 3.312
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Figure 11. SEM monograph of [Cu(SMX)(H,0),].
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Figure 12. 'H spectrum of SMX (source: spectra database for organic
compounds SDBS).

3.2. Solubility

The solubility profile of SMX and its nanometal complexes
are presented in Table 2.

SMX, Fe(II), and Cu(II) nanometal complexes were all sol-
uble in ethyl acetate and DMSO because DMSO and ethylac-
etate are both known to be polar aprotic solvents as they dis-
solve both non-polar and polar compounds as well as being mis-
cible in different organic solvents [28].The SMX was slightly
soluble in distilled water, while the nanometal complexes were
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Figure 13. 'H spectrum of [Fe(SMX)(H,0),].
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Figure 14. 'H spectrum of [Fe(SMX)(H,0),].

insoluble. The insolubility of the complexes in water could be
attributed to a decrease in polarity.

3.3. UV)Visible spectroscopy
The summary of the UV/visible spectral data is presented in
Table 3, while the spectra are shown in Figures 2, 3, and 4.
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Figure 15. 'H spectrum of [Cu(SMX)(H,0);].

Table 7. Summary of the '*C NMR bands; a comparison of the SMX and its
complexes.

Compounds Some chemical shift in ppm
C=N C-0
SMX 157.86 169.79
[Fe(SMX)(H,0),] 151.46 176.61
[Cu(SMX)(H,0);] 160 .68 169.36
R R N

Figure 16. '3C NMR spectrum of SMX (source: spectra database for
organic compounds SDBS).

The transitions at A = 209 and 269 nm in the nanometal
complexes were assigned to the 7 — 7% and n — m+. These
transitions are known as inter-ligand charge transfer (ILCT)
[29]. The absorption band at A = 548 nm observed for the
[Fe(SMX)(H,0),] metal complex has been assigned d-d transi-
tions since it was a weak transition [30].

3.4. Infrared Spectroscopy

Summary of the IR peaks are shown in Table 4. The spectra
are presented in Figures 5, 6 and 7.

A strong band at 3299 cm~' which was exhibited by
SMX, was assigned to NH,. This band was shifted to 3243
cm™' and 3191 cm™' in the spectra of [Fe(SMX)(H,0),] and
[Cu(SMX)(H,0),] nanometal complexes, respectively, show-
ing that the nitrogen of the amino group is coordinated to
the metal ions without deprotonation [31]. The sulfone band
at 1305 cm™! in SMX remained unchanged (1308 cm~! and

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 <70 60 50 40 30 20 1 0 -0
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Figure 17. '*C NMR spectrum of [Fe(SMX)(H,0),].
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Figure 18. '*C NMR spectrum of [Cu(SMX)(H,0),].
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Figure 19. Proposed structure for [Fe(SMX)(H,0),].

1304 cm™') in [Fe(SMX)(H,0),] and [Cu(SMX)(H,0),] re-
spectively, while the second sulfone band at 1154 cm™! in
SMX shifted to 1092 cm™ in the metal complexes, show-

ing a coordination of SMX to the metal ion through the sec-
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Figure 20. Proposed structure for [Cu(SMX)(H,0),].

ond sulfone oxygen atom. Bamigboye et al. [32] reported
a similar shift. The bands for (M-N) and (M-O) were ob-
served within the range of 783-757 cm™' and 671-667 — 667
cm™!, respectively, in the spectra of the nanometal complexes.
These bands were absent in the SMX spectra, further confirm-
ing the coordination of NH, and S=0. was shifted to 3243
cm™!' and 3191 cm™' in the spectra of [Fe(SMX)(H,0),] and
[Cu(SMX)(H;0),] nanometal complexes, respectively, show-
ing that the nitrogen of the amino group is coordinated to
the metal ions without deprotonation [31]. The sulfone band
at 1305 cm™! in SMX remained unchanged (1308 cm~! and
1304 cm™!) in [Fe(SMX)(H,0),] and [Cu(SMX)(H,0),] re-
spectively, while the second sulfone band at 1154 cm™" in SMX
shifted to 1092 cm™! in the metal complexes, showing a coordi-
nation of SMX to the metal ion through the second sulfone oxy-
gen atom. Bamigboye et al. [32] reported a similar shift. The
bands for (M-N) and (M-O) were observed within the range of
783-757 cm~! and 671-667 — 667 cm™!, respectively, in the
spectra of the nanometal complexes. These bands were absent
in the SMX spectra, further confirming the coordination of NH,
and S=O0.

3.5. XRD

The XRD spectra data is presented in Table 5, while the
diffraction patterns are presented in Figures 8 and 9.

The XRD pattern showed that the Fe(II) and Cu(Il)
nanocomplexes are crystalline. Using the Debye- Scherrer’s
equation, D=KJ/ (} cos 0), the crystallite sizes of the nanocom-
plexes were calculated. The crystallite sizes of Fe(II) and Cu(II)
nanocomplexes were 76.08 and 37.13 nm, respectively.

3.6. SEM
The micrographs in this study revealed that
[Fe(SMX)(H,0);] and [Cu(SMX)(H,0),] nanoparticles

are seen to be rough and irregular shaped with some pore
spaces, which gives an idea that the nanometal complexes of
sulfamethoxazole could be a good inhibitor against clinical
microorganisms.

3.7. NMR

The 'H NMR spectral data are depicted in Table 6. The
spectra are shown in Figures 12, 14 and 15.

The '3C NMR spectral data are depicted in Table 7. The
spectra are shown in Figures 16, 17 and 18.

The obtained '"H NMR spectrum of SMX was seen to
have exhibited a peak at 6.107 ppm, corresponding to the
proton of isoxazole. This peak was observed at 5.995 and
6.035 ppm in [Fe(SMX)(H,0),] and [Cu(SMX)(H,0),], re-
spectively. A chemical shift observed at 6.100 ppm was
assigned to NH, in SMX. This signal was absent in the
spectra of [Fe(SMX)(H,0);,] due to deprotonation, while in
[Cu(SMX)(H;0);], shifted to 6.035 ppm, showing coordination
with metal through the nitrogen atom. A new peak that was ab-
sent in the spectrum of the ligand was observed at 3.375 and
3.312 ppm in the [Fe(SMX)(H,0),;] and [Cu(SMX)(H,0);]
complexes, respectively. This peak was assigned to the proton
of a water molecule.

A comparison of the '3C spectra of SMX and its nanometal
complexes showed no significant chemical shift was observed
with C=N and C=0 bonds.

Based on the spectroscopic study, the proposed struc-
tures in Figures 19 and 20 have been proposed for the
[Fe(SMX)(H,0),] and [Cu(SMX)(H,0),] nanocomplexes.

4. Conclusion

Synthesis and characterization of Fe(Il) and Cu(Il)
nanocomplexes of SMX were carried out. The nanometal com-
plexes were synthesized using the sonication method and char-
acterized based on the observed FTIR spectra, electronic spec-
tra, melting point, solubility, proton, and carbon-13 nuclear
magnetic resonance. The XRD pattern showed that the Fe(II)
and Cu(II) nanocomplexes are crystalline, having a crystallite
size of 76.08 and 37.13 nm, respectively. A tetrahedral struc-
ture was proposed for the complex, which showed that SMX
behaved as a bidentate ligand towards Fe (II) and Cu (II) ions.
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