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 Abstract: This paper describes the synthesis of two complexes from the ligand α-(2-
Salsayl)-N-phenyl nitrone with CoCl2 and CrCl2. The ligand was characterized by several 
spectroscopic techniques (ultraviolet/visible (UV/Vis), nuclear magnetic resonance (1H-
NMR and 13C-NMR), Fourier-transform infrared spectroscopy (FTIR), and mass 
spectrometry (MS). While infrared, ultraviolet-visible (UV-Vis), thermal analysis, and 
job method studies were used to reveal the structure of the complexes. The synthesized 
complexes were then synthesized by the sonochemical method, and the copper and 
chromium oxide nanoparticles were produced using the thermal decomposition method. 
Scanning electron microscopy (SEM), Energy dispersive X-ray spectroscopy (EDX), and 
X-ray diffraction (XRD) characterization confirmed the formation of Co3O4 and Cr2O3 
nanoparticles. Antimicrobial studies of the complexes against some microorganisms, such 
as Staphylococcus epidermis and Escherichia coli, utilizing the disk diffusion method, 
revealed the antibacterial activity of the complexes. 
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■ INTRODUCTION 

Nitrone is an amine that contains N-oxide. Nitrone 
derivatives preserve biological activity and are useful in 
pharmaceutical applications in which they are used as 
anti-microbial [1], electron spin spin-trapping [2-3], 
antioxidant [4-5], blood-brain barrier opening [6], and 
anti-cancer agents [7]. The nitrone group forms the 
electron density on the oxygen atom that assists the 
process of coordination bonding with metals to form a 
stable coordination complex [8]. Major factors affecting 
the coordination are the metal ion and its charge, radius, 
and position in the periodic table, the ligands, and the 
mole ratio of metal-ligand; these factors affect the stability 
of the complex [9-10]. Many studies have reported the 
formation of coordination complexes that include nitrone 
compounds as ligands. These ligands react with metals 
from transition elements, such as Zn(II), Cu(Ⅱ), Ni(Ⅱ), 
Cd(II), Co(Ⅱ), and Cr(III) to form complexes that reveal 
high biological activity against inflammation and fungi 
[8,11-12]. Recently, several papers have reported exploiting 
compounds as capping agents for the synthesis of metal 

oxide nanoparticles via numerous approaches [13]. This 
research presents ways to control sizes and shapes using 
different methods, such as microwave and hydrothermal 
synthesis [14], thermal decomposition methods [15], 
and chemical precipitation [16]. The thermal 
decomposition of transition metal complexes is fast, 
practicable, economical, and solvent- and surfactant-
free, resulting in precise particle size, purity, and precise 
process conditions [17]. This work describes the reflex 
and sonochemical synthesis of two new complexes of 
Cr(III) and Co(ⅡI) in coordination with α-(2-Salsayl)-
N-phenyl nitrone as the ligand after which the prepared 
metal oxide nanoparticles were prepared using the 
thermal decomposition method, physical properties 
were studied. Furthermore, the study of the ligand and 
the complexes' biological activity against Staphylococcus 
epidermis and Escherichia coli were examined (Fig. 1). 

■ EXPERIMENTAL SECTION 

Materials 

Reagents and solvents were obtained from Fluka or  
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Fig 1. Schematic template of complexes and nanoparticles 

 
Aldrich and were used as supplied. They included N-
phenylhydroxylamine (95%), salicylaldehyde (98%), 
Cobalt chloride (CoCl2·6H2O) (97%), Chromium chloride 
(CrCl2·6H2O) (98%), ethanol (95%), chloroform (99%), 
and n-hexane (95%). 

Instrumentation 

Ultraviolet/visible (UV/Vis) spectra were 
characterized using PD-303 UV-Vis Spectrophotometer, 
and infrared (IR) spectra were recorded on a Fourier 
transform infrared spectrometer (FTIR-8400S, Shimadzu) 
at wavelengths ranging from 600 to 3800 cm−1. Thermo 
Scientific™ FD1530M Muffle for furnace, Thermal analyses 
were performed using TG 209 F1 Libra. Nuclear magnetic 
resonance (1H and 13C-NMR) spectra were analyzed on a 
BRUCKER-400 MHz DMSO-d6 solution using 
tetramethylsilane (TMS) as a reference. X-ray diffraction 
(XRD) characterization was achieved using a Philips PW 
1730/10 X-Ray Diffractometer. Scanning electron 
microscopy (SEM) was done with a Nova NanoSEM 230. 

Procedure 

Synthesis of α-(2-salsayl)-N-phenyl nitrone (L) [18] 
A hot solution of 0.098 g (0.09 mmol) N-

phenylhydroxylamine in 5 mL ethanol was added to a hot 
solution of 0.099 g (0.09 mmol) salicylaldehyde with 
continuous stirring, after which the solution was refluxed 
for 1 h until the disappearance of reactants as verified by 
thin layer chromatography. The yellow crystals were 

recrystallized using a mixture of 3:7 ratio chloroform to 
n-hexane, and the yield was 88% with a melting point 
(m.p.) of 116 °C. 

Synthesis of dichlorobis(2-hydroxyphenyl)-N-
phenylmethanimine oxide)cobalt(III) (1) 

A solution containing 0.0426 g (2.00 mmol) of L in 
20 mL methanol was added to 0.230 g (1.00 mmol) 
CoCl2·6H2O in methanol (20 mL), after which the 
mixture was refluxed with a stirrer until the 
disappearance of reactants as verified by thin layer 
chromatography for 3 h. After cooling, a yellowish-
green precipitate was washed with cyclohexane three 
times. The yield was 93%, and the m.p. was 265 °C. 

Synthesis of dichlorobis(2-hydroxyphenyl)-N-
phenylmethanimine oxide)chromium(III) (2) 

A solution containing 0.0426 g (2.00 mmol) of L in 
20 mL methanol was added into 0.0237 g (1.00 mmol) 
CrCl2·6H2O in methanol (20 mL), after which the 
mixture was refluxed with a stirrer until the 
disappearance of reactants as verified by thin-layer 
chromatography for 3 h. After cooling, the dark 
yellowish-green precipitate was washed with 
cyclohexane three times. The yield was 80%, and the 
m.p. of 250 °C. 

Synthesis of complexes (1) and (2) via the 
sonochemical method 

Solutions (1 L each) containing 0.170 g (0.01 mmol) 
in methanol (10 mL) were added to CoCl2·6H2O 0.090 g 
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(0.04 mmol) or CrCl2·6H2O 0.106 g (0.04 mmol). A 
methanol solution was added dropwise for 1 h in a 480 W 
(60 kHz) sonicator. The precipitate was filtered and 
washed with ethanol, followed by diethyl ether, dried, and 
saved under a vacuum desiccator. 

Synthesis of metal oxide nanoparticles 
Cr2O3 and Co3O4 nanoparticles were prepared via 

the thermal decomposition method [17]. The 
sonochemical method was applied to synthesize The 
complexes and was grounded to acquire a homogeneous 
powder, and afterward, the Cr(III) complex was heated at 
530 °C, and the Co(III) complex was heated at 750 °C for 
2 h in a muffle furnace. The resulting compound was 
washed with methanol 5 mL three times to remove any 
contamination. 

■ RESULTS AND DISCUSSION 

The 1H-NMR spectra of L exhibited a singlet signal 
at 12.5 ppm that could be attributed to the hydroxide 
group proton (OH). A single signal for all spectra 
appeared at 8.95 ppm related to the proton of the nitrone 
group (-HC=NO). Moreover, the L exhibited multiple 
signals ranging from 7.9 to 6.9 ppm, ascribed to the 
phenyl ring’s protons. Depending on integration and 
position, they could be explained as; 6.9 ppm related to 
the H3 and H5 due to the electron donating group (-OH), 
7.5 ppm to the H6, 7.58 ppm to the H4, H10 and H12, 
7.6 ppm to the H11, and 7.9 ppm attributed to the H9 and 
H13, (Fig. S1(a)). 

The 13C-NMR spectral data were recorded to 
provide additional confirmation for the ligand and 
exhibited a band at 146.40 ppm that was attributed to the 
C-OH group; in addition, a band at 159.33 ppm related to 
the carbon resonance of the C=NO group and another 
band at 117 to 137 ppm, which was attributed to the 
aromatic carbon resonance (Ar-C). Moreover, the 

spectrum shows an exceptional band for the carbon 
resonance of the C-NO group at 140.50 ppm (Fig. S1(b)). 

The electronic spectrum of a methanol solution of 
L exhibits three bands at 335 nm (visible region) that 
could be ascribed to the π→π* transitions of the nitrone 
group, and at 302 nm and 351 nm, the bands were 
ascribed to the π→π* electronic transitions of the 
aromatic system. The electronic spectrum of a methanol 
solution of complex 1 displayed a hypsochromic shift at 
349 nm and an electronic band at 532 nm that could be 
attributed to a d-d transition. Comparable results appear 
for complex 2, hypsochromic shift at 325 nm for both 
complexes with a decrease in intensity. Moreover, 
complexes 2 and 3 exhibited d-d electronic transitions at 
696 and 541 nm, respectively, verifying the coordination 
of the complex (Fig. S2). 

IR spectra (400–4000 cm−1) of L and complexes 1 
and 2 were recorded, and a character assessment of the 
infrared spectra bands of the synthesized parent ligand 
with that of complexes is presented. The ligand exhibited 
significant spectra in the regions 1570, 1600, and 
1174 cm−1 that could be ascribed to the ν(C=C), ν(C=N), 
and ν(N→O), respectively [19]. Moreover, a strong band 
at 3450 cm−1 was assigned to ν(O-H). 

The (N→O) and ν(C=N) bands of the complexes 
were found to be shifted to higher values compared with 
that of the parent ligand, recommending the 
involvement of the oxygen of the nitrone group in the 
complex [8]. Table 1 summarizes the most important 
spectra of the L and its complexity (Fig. S3). 

Thermogravimetric analysis (TGA) curves and the 
consistent differential thermogravimetric analysis 
(DTG) curves for the synthesized complex in an 
atmosphere of nitrogen are presented in Fig. S4. A small 
weight loss occurred at 56.9 °C and 98.1 °C for Cr(III) 
and Co(III)  complexes,  respectively.  These peaks could  

Table 1. Infrared (IR) spectra for the ligand and the complexes 
Compound Ar(C-H) Al(C-H) C=N C=C N-O O-H 
L 3082 2950 1600 1570 1174 3450 

L-Co 3234 2858 1620 1601 1240 3394 
L-Cr 3064 2956 1606 1571 1176 3405 
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be attributed to the dehydration of water adsorbed by the 
complexes, whereas no indication of peaks in DTG at a 
range around 105–145 °C, which are related to 
coordinated water molecules, could be found; thus, the 
complexes are not coordinated with water [20]. The 
complexes then undergo the decomposition of related 
ligands in two or three stages. Furthermore, the 
complexes show high stability reaching up to ≈800 °C, 
and the total weight loss and the residue for the Co(III) 
and Cr(III) complexes were 97.72%/3.94 mg and 
97.5%/3.50 mg, respectively. The residue can be explained 
by considering that the weight was either metal or metal 
oxide, which is an indication of complex formation. 

To determine the mole ratio of the ligand to the 
metal, the method of continuous variation method was 
selected. A series of solutions were prepared in which the 
total mole fraction amount of the metal ions and the 
ligand were equal for all solutions. The absorbance of the 
solutions was then measured against methanol as a blank. 
When the difference between the observed absorbance 
was plotted against the mole fraction of solutions, a 
complex containing two moles of L to one mole of metal 
for Co(III) and Cr(III) was detected. 

The synthesized Co3O4 and Cr2O3 nanoparticles' 
crystal phases and crystallinity were studied. The XRD 
patterns displayed the reflection planes as exhibited in 
Fig. 2 and Table 3, a highly ordered cubic Co3O4 NPs was 
formed after calcination at 750 °C. This result proves the 

purity of phase formation and the crystal structure of the 
nano-metal oxide products. The annealed sample shows 
well-resolved Bragg peaks of the XRD pattern, which are 
in good correspondence with the cubic structure of the 
Co3O4 NPs. (Eq. (1)) estimated the Debye–Scherrer 
approximation of the average crystalline size assessment 
of the samples. 

KD
cos



 

 (1) 

for which D represents the crystalline size, θ represents 
the Bragg diffraction angle, K is the Scherrer constant, λ 
is the wavelength (0.15406 nm), and β represents the 
width  of the  XRD  peak  at half  maximum  height.  The  
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Fig 2. X-ray diffraction (XRD) patterns of the cubic 
Co3O4 nanoparticles 

Table 2. The absorbance of the metal complex solutions with L using the continuous variation method 
 Vm/Vt 1/10 2/10 3/10 4/10 5/10 
Co(III) complex Xvm 0.10 0.20 0.30 0.40 0.50 
 ABS 0.94 0.81 0.73 0.55 0.35 
Cr(III) complex Xvm 0.1 0.2 0.3 0.4 0.5 
 ABS 0.55 0.48 0.45 0.33 0.24 

Table 3. X-ray diffraction analysis of Co3O4 nanoparticles shows estimated crystalline size for five intense peaks 
Position 

2θ (°) 
Height 

(cts) 
FWHM left 

2θ (°) 
d-spacing 

(Å) 
Relative 

intensity (%) 
Tip width Crystalline 

size (D) value 
31.4560 331.60 0.1968 2.84404 42.28 0.2362 41.26 
37.0465 784.32 0.2460 2.42670 100.00 0.2952 35.37 
44.9908 236.31 0.2952 2.01495 30.13 0.3542 27.70 
59.5440 338.98 0.1968 1.55259 43.22 0.2362 41.26 
65.5217 548.48 0.1968 1.42467 69.93 0.2362 41.26 
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Co3O4 NPs' average crystalline size was found to be 
36.89 nm. 

Fig. 3 shows the X-ray diffraction of prepared Cr2O3. 
Table 4 shows the reflection plane patterns, which imply 
the existence of the rhombohedral structure. In addition, 
no peaks could be detected due to any other material or 
phase, thus proving a high degree of purity of the 
synthesized sample after calcination at 750 °C. The 
broadening of the XRD lines, as seen in Fig. 3, reflects the 
nano-particle nature of the sample. 

The sharpness of the peaks indicates good crystal 
growth of the oxide nanoparticles. The average particle 
size (D) of the particles was calculated from the intensity 
peaks operating the Debye–Scherrer equation, as depicted 
in Table 4. The calculated average crystalline size for 
Cr2O3 NPs is 30.55 nm. 

Fig. 4 illustrates a scanning electron microscopy 
(SEM) image of prepared Co(III) and Cr(III) complexes 
utilizing the sonochemical method. The graph indicates a 
high degree of agglomeration among fine particles, mostly 
of nanoscale size, the diameter of the Co(III) complex was 

mostly between 50 and 80 nm, and the size of the Cr(III) 
complex was close to 112–27 nm. 

Fig. 5(a) exhibits an SEM image of the Co3O4 NPs. 
The Co3O4 NPs crystallinity was determined, and grains 
of the Co3O4 NPs presented a closely consistent 
morphology with approximately 80 nm average diameter. 
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Fig 3. XRD patterns of the rhombohedral Cr2O3 
nanoparticles 

Table 4. The XRD analysis of Cr2O3 nanoparticles shows the estimated crystalline size for six intense peaks 
Position 

2θ (°) 
Height 

(cts) 
FWHM left 

2θ (°) 
d-spacing 

(Å) 
Relative 

intensity (%) 
Tip width Crystalline 

size (D) value 
24.5397 501.62 0.1968 3.62767 43.72 0.2362 41.26 
33.6627 882.13 0.2952 2.66249 76.89 0.3542 27.70 
36.2684 1147.27 0.2460 2.47696 100.00 0.2952 35.37 
41.6022 369.99 0.2952 2.17089 32.25 0.3542 23.58 
50.3359 379.96 0.3444 1.81280 33.12 0.4133 14.14 
63.4590 269.07 0.1968 1.46591 23.45 0.2362 41.26 

 
Fig 4. SEM micrograph of (a) Co(III) and (b) Cr(III) complexes prepared via the sonochemical method 
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Fig 5. SEM micrograph of (a) Co3O4 and (b) Cr2O3 nanoparticles 

Table 5. Antibacterial activity of different concentrations against Escherichia coli and Staphylococcus epidermis 

No. Compound Concentration 
(mg/mL) 

Inhibition zone (mm) 
S. epidermis E. coli 

1 Ampicillin 10 29 21 
2 Gentamycin 10 19 18 

L1 50 22 18 
3  25 21 12 

10 13 0 
4 Co(III) CR 50 16 25 

25 15 20 
10 14 19 

5 Cr(III) CR 50 25 22 
25 22 20 
10 21 18 

 Co(III) NC 50 36 21 
25 24 15 
10 16 14 

 Cr(III) NC 50 35 18 
25 20 18 
10 22 15 

CR: complex made by reflux, NC: complex made by sonochemical 
 
In addition, Fig. 5(b) illustrates an SEM image of the 
Cr2O3 nanoparticles. The grains of Cr2O3 NPs consisted of 
an average diameter of approximately 50 nm, indicating a 
uniform morphology. 

The crystalline size differs from the particle size in 
this work since the particle characterized by XRD was a 
crystallized size, a crystal particle termed a primary 
particle, while the particles analyzed by SEM are typically 
particles consisting of more than primary particles. 

In vitro, antibacterial activity for the Nitrone base 
ligand and complexes against E. coli and S. epidermis 
using the diffusion method were studied. This test was 
assessed depending on inhibition formed around the 
paper disks on the seeded agar plates by calculating the 
size basis of the zone appearing. Ampicillin and 
gentamycin were used as standards, Fig. S5–S10 shows 
the inhibition zone diameter of E. coli and S. epidermis 
by the ligand and complexes. 
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The results are embedded in Table 5. Evaluating the 
biological activity of the complex with the standard, the 
biological activity of the metal complexes was imminent 
to that of the standard. Besides, Co(III) and Cr(III) 
complexes synthesized by the sonochemical method 
affected the E. coli and S. epidermis to inhibit to the 
greatest degree. 

■ CONCLUSION 

In this paper, cobalt(III) and chromium(III) 
complexes from α-(2-Salsayl)-N-phenyl Nitrone were 
synthesized using the reflux and sonochemical methods 
and then characterized. Pure Co3O4 and Cr2O3 
nanoparticles with cubic and rhombohedral structures, 
respectively, were well prepared via the decomposition of 
the complex under a muffle furnace. The thermal 
decomposition method is simple, practicable, and 
appropriate for producing high-purity products for metal 
oxide nanoparticles. The complexes synthesized via the 
two methods were selected for antibacterial activity 
against E. coli and S. epidermis, which are considered 
clinically important bacteria, and the complexes 
demonstrated high antibacterial activity against these 
types of bacteria. 
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