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The Schiff base ligand (Z)-2-((2-amino-3,5-dibromobenzylidene)amino)phenol,
was synthesized through a condensation reaction between 2-amino-3,5-
dibromobenzaldehyde and 2-aminophenol in a 1:1 molar ratio. The structure of the
ligand was confirmed and characterized by using various spectroscopic techniques
including FT-IR, UV-visible, '"H and "*C-NMR spectroscopy, electron ionization
mass spectrometry (EI-MS) and supported by DFT-optimized structures. The
melting point of the compound was also determined. The metal complexes were
synthesized by the reacting of Schiff base ligand with Ni(II), Mn(II), Cu(II) and
Co(I) ions in 2:1 ligand-to-metal molar ratio. The resulting complexes have the
general formulas [M(L)(C3H7NO;)] where M = Ni(Il), Mn(II) and Cu(Il) and
[Co(L),] for the cobalt complex, where C3H7NO, represents 2-aminopropane-1,3-
diol. The complexes were characterized by FT-IR, UV-visible, molar conductance,
magnetic moment measurements and melting point. The low molar conductance
values indicate a non-electrolytic nature, while magnetic moment data confirm a
tetrahedral geometry around all metal centers Ni(II), Mn(II), Cu(Il) and Co(II).
Furthermore, Antibacterial activity was evaluated by inhibition zone measurement.
The ligand and its complexes were tested against Staphylococcus aureus and
Pseudomonas aeruginosa, as a result complexes Mn(II) and Cu(Il) showed
antibacterial activity . Finally, the DFT studies assisted to better understand of the
electronics structure, reactivity and stability of ligands.

1. Introduction

Schiff base ligands, first described by Hugo Schiff in

hence improving their stability and bioactivity [5, 6].
The incorporation of halogen substituents such as
bromine into the ligand structure can further adjust

1864 are a class of chemical compounds characterized by
the azomethine (-C=N-) functional group, which is
formed through the condensation of the primary amines
with carbonyl compounds [1].

A Schiff base is produced when the carbonyl group
(C=0) of a ketone or aldehyde is replaced by an imine (-
C=N-) functional group [2]. This functional group is
essential in the coordination properties of Schiff bases
with metallic ions, resulting in the production of strong
metal complexes utilized in medicinal chemistry [3],
catalysis, solar energy production and materials research
[4].

Salicylaldimine-based Schiff bases which contain
nitrogen and oxygen donor atoms, demonstrate
significant coordination capacity with transition metals,

electrical characteristics, affect reactivity and enhance
biological activity [7].

2-Aminophenol (CsH7NO) is an aromatic chemical
characterized by the presence of an amino (-NH>) and a
hydroxyl (-OH) group bonded to a benzene ring in the
ortho position, this dual-functional molecule is
extensively employed as an intermediate in the
manufacture of pigments, medicines and agrochemicals
[8].

Owing to its coordinating capacity 2-aminophenol
serves as a significant precursor in the synthesis of Schiff
base Ligands and metallic complexes which demonstrate
a diversity of biological and catalytic functions [9].

The bifunctional donor characteristics of 2-
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aminophenol including both nitrogen and oxygen donor
sites, augment its chelating capacity rendering it an
exemplary option for coordination chemistry [10]. 2-
Amino-3,5-dibromobenzaldehyde is an  aromatic
molecule characterized by an amino group (-NH;) and an
aldehyde group (-CHO) on a benzene ring which is
substituted with two bromine atoms at the 3 and 5
positions. This molecule functions as a multifaceted
intermediate in the synthesis of Schiff bases which are
widely researched for their chemical coordination and
biological applications [11]. A presence of E-
withdrawing bromine substituents increases the
electrophilicity of the aldehyde group, hence promoting
condensation processes with amines [12]. Furthermore,
halogen atoms also enhance lipophilicity and possible
bioactivity rendering it a significant precursor in the
synthesis of metal complexes and bioactive compounds
[13].

2-Aminopropane-1,3-diol is commonly referred to as
serinol, is a bifunctional chemical molecule that
possesses both amine and diol functional groups. The
molecular structure (C3sHoNO;) features a core amino
propane backbone with hydroxyl groups at the 1 and 3
positions which enhance its hydrophilic properties and
reactivity [14]. This chemical is extensively utilized as a
precursor in the manufacture of physiologically active
compounds, encompassing medicines, surfactants and
polymers. Owing to its chelating properties and ability to
create stable coordination complexes 2-aminopropane-
1,3-diol is significant in the advancement of metal-based
medicinal medicines and coordination chemistry research
[15]. The novelty of this study lies in the synthesis of a
new bromine-substituted Schiff base ligand and its
mixed-ligand complexes incorporating 2-aminopropane-
1,3-diol, a rarely reported co-ligand. The work combines
experimental characterization with DFT analysis to
reveal structural, electronic and stability features.
Notably, the Mn(II) and Cu(Il) complexes exhibited
significant antibacterial activity, highlighting potential
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biomedical applications and underscoring the importance
of this research in coordination and bioinorganic
chemistry. Scheme 1, illustrates the synthesis pathway of
the Schiff base ligand and its metal complexes.

2. Materials and Methods

2.1. Material and instrumentation

All chemicals, including 2-aminophenol, 2-amino-
3,5-dibromobenzaldehyde, glacial acetic acid, DMF,
ethanol, and 2-aminopropane-1,3-diol, were purchased
from commercial suppliers and used without further
purification. Metal salts such as (NiCl,-6H0,
MnCl,.4H,0, CuCl,'2H>0, and CoCl,-6H,0) were also
used as received. All solvents were dehydrated
immediately prior to use.

Melting points were determined using a Stuart melting
point apparatus, model ST15 OSA, with a standard power
of 75 W. The FT-IR spectra were recorded using a
Shimadzu IR Affinity-1 spectrophotometer in the range
of 4000400 cm™, using the KBr pellet method. The
electronic spectra of the ligand and its metal complexes
were recorded using a JENWAY 6705 UV-Visible
spectrophotometer in the range of 200-900 nm,
employing quartz cells with a path length of 1.0 cm and a
concentration of 10 M in DMF. Molar conductance
measurements were carried out using a Systronics-305
conductivity meter. Elemental (C, H, N) analyses were
performed using a CHN analyzer. '"H NMR spectra were
recorded using a Bruker Advance 111, 400 MHz
spectrometer. *C NMR spectra were obtained at 100
MHz and Magnetic susceptibility measurements were
conducted at room temperature, adhering to Faraday's
methodology. Magnetic moments were quantified using
a magnetic susceptibility balanced (Johnson Matthey
Catalyst System Div.). The mass spectrum of the ligand
was recorded using electron impact ionization on a
(Shimadzu GCMSQPA 1000).
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Scheme 1. Synthetic route of the ligand and its complexes where M= Ni(II), Mn(II) and Cu(II).
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2.2. Synthesis of the ligand

The Schiff base ligand (Z)-2-((2-amino-3,5-
dibromobenzylidene)amino)phenol, was synthesized by
the condensation of equimolar amounts of 2-amino-3,5-
dibromobenzaldehyde (2 g, 7.17 mmol) and 2-
aminophenol (0.782 g, 7.16 mmol) in a mixed solvent of
ethanol (15 ml) and DMF (5 ml). A few drops (3-4) of
glacial acetic acid were added as a catalyst and the
mixture was refluxed at 90 °C for 6 hours. The resulting
precipitate was filtered, recrystallized from ethanol, and
dried under vacuum, Yield: 78.5%; melting point:
152 °C. as illustrated in Scheme 1.

2.3. Syntheses of [Ni(L)(C;H7NOz)] mixed ligand
complex

The mixed ligand complex was synthesized by
dissolving the reactants in a solvent mixture of ethanol
and dimethylformamide (DMF) at a 2:1 (v/v) ratio,
utilizing 7 ml of ethanol and 3 ml of DMF. To this
solution, (0.37 g ,1 mmol) of the Schiff base ligand, (0.09
g, 1 mmol) of 2-aminopropane-1,3-diol and (0.237 g,
0.997 mmol) of nickel (II) chloride hexahydrate
(NiCl,*6H»0) were added in a 1:1:1 molar ratio (L:M:
diol), where diol denotes 2-aminopropane-1,3-diol. The
mixture was subsequently heated under reflux at 80 °C
for three hours, the resultant precipitate was flirted of,
recrystallized with ethanol and dried under vacuum.
Yield: 84%; melting point: 280°C. As shown in
Scheme 1.

2.4. Syntheses of [Mn(L)(CsH7NO>)]
[Cu(L)(C3H7NO3)] mixed ligan complexes

and

The same synthetic method employed for the
synthesis of [Ni(L)(CsH7NO)] was used to produce
[Mn(L)(CsH7NO;)] and [Cu(L)(CsH7NO,)], resulting in
dark brown and black colored complexes, respectively.
As demonstrated in Scheme 1.

2.5. Syntheses of [Co(L)]
The complex was formed by reacting CoCl,-6H,0O

(0.237 g, 1 mmol) with two equivalents of the ligand
(0.74 g, 2 mmol) in a mixed solvent of ethanol and DMF
(15 ml).

The reaction mixture, exhibiting a metal-to-ligand
molar ratio of 1:2, was refluxed for three hours. The
resultant precipitate was filtered, rinsed, and dehydrated
under vacuum conditions. Yield: 62%; melting point:
154 °C. As depicted in Scheme 1.

The physical properties of the ligand and its metal
complexes are summarized in Table 1.

3. Results and Discussion

3.1. FT-IR spectra of the ligand and its complexes

The FT-IR spectra of the starting materials, the ligand
and its metal complexes are presented in the
supplementary section, the spectral data are summarized
in Table 2. In the spectrum of 2-aminophenol (Fig. 1
Supp.), the bands observed in the range of (3373-3302
cm') are assigned to the v(N-H) stretching vibrations of
the (-NH,) primary amine group [16]. These bands are
absent in the spectrum of the Schiff base ligand,
indicating the reaction of 2-aminophenol with 2-amino-
3,5-dibromobenzaldehyde. The spectrum of 2-amino-
3,5-dibromobenzaldehyde (Fig. 2 Supp.), shows a strong
band at (1660 cm™) attributed to the v(C=0) stretching
vibration of the aldehyde group, which appears at a lower
frequency than that of typical aldehydes due to
conjugation with the aromatic ring [17]. In the spectrum
of the Schiff base ligand (Fig. 3 Supp.), the absence of the
v(C=0) band and the appears of a new band at (1618
cm™!) v(C=N) confirm the formation of the imine group
through condensation.

The FT-IR spectra of all metal complexes Ni(Il),
Mn(II), Cu(Il) and Co(II) are shown in (Fig. 4-8 Supp.),
respectively. The vw(C=N) band is shifts to higher
frequencies in the range (1660-1641 cm™), indicating
coordination of the imine nitrogen to the metal center [2].

In the synthesis of mixed ligand complexes Ni(Il),
Mn(II) and Cu(Il), 2-aminopropane-1,3-diol is utilized as
a secondary ligand.

Table 1. The physical properties of the ligand and its complexes.

No. Compounds Chemical formula  M.wt Yield %  Color M.P. °C gound/czlliculat(;l

1. Ligand Ci3H10Br2N>O 370.04 78.5 yellow 152 42 2.90 7.80
4220 272 17.57

2. [Ni(L)(C3H/NO»)] Ci6H16BraN3NiO3 516.82 84 Light Brown 280 3740 335 8.33
3718 3.12 8.13

3. [Mn(L)(C3H7NO,)]  CisHi6BroMnN;O; 513.06 67 Dark brawn 106 37.8 335 8.40
3746 3.14 8.19

4. [Cu(L)(CsH/NO»)] Ci6H16Br2CuN303 521.67 56 black 246 37.2 33 8.23
36.84  3.09 8.05

5. [Co(L)2] Cy6H13BrsCoN4O» 797.00 62 pink 154 3944 252 1722
39.18 228 17.03
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The FT-IR spectrum of 2-aminopropane-1,3-diol,
(Fig. 4 Supp.), exhibits two absorption bands in the range
of (3311-3269 cm™) corresponding to the uv(N-H)
stretching vibration primary amine group [18, 19]. When
coordinated with the metal these two bands are shifted to
higher frequency at range (3360-3309 c¢cm™). A broad
band appearing at (3182 cm™) is attributed to the v(O-H)
stretching vibration [20, 21]. This band disappeared in the
spectra of mix ligand complexes Ni(II), Mn(II) and Cu(II)
due to interaction with the metal center and complex
formation. Additionally, a band appears in the spectra of
the mixed ligand complexes of Ni(II), Mn(II) and Cu(II)
at (3262, 3317 and 3219 cm?') respectively,
corresponding to the v(N-H) stretching of a secondary
amine [22]. This signifies the coordination of the (-NH>)
group to the metal center. The bands at the range of (484-
420 cm™) are due to v(M-N) stretching vibrations [23].
while v(M-O) stretching vibrations are observed between
(570-510 cm™) [24].

3.2. UV-visible spectrum of the ligand and its
Complexes

The electronic spectra of the ligand and its metal
complexes are illustrated in the Figure 1(a-e). A summary
of the corresponding absorption peaks for the ligand and

its complexes is provided in Table 3. The UV-visible
spectrum of the ligand Figure 1(a), exhibit two peaks, a
strong peaks at (271 nm) (36900 cm!, & max= 2608 dm?
mol! cm™) and (393 nm) (25445 cm’!, € max= 2451 dm?
mol! cm™), the band at (271 nm) is assigned to (m—n*)
benzene ring [25] , a band at (393 nm) results from the
(n—m*) transition non-bonding electron on nitrogen
imine group (-HC=N) and transition of the phenolic
group [26]. In the spectrum of the Ni(I) complex, four
absorption bands are observed, as shown in Figure 1(b).
A strong band appears at (216 nm) (46,296 cm’!, € max =
1262 dm? mol! cm™), attributed to a (m—n*) transition
[27]. A shoulder peak is observed at (242 nm) (41,322
cm™, € max = 1094 dm?* mol! cm™), corresponding to an
(n—7*) transition [28]. A weak band at (420 nm) (23,809
cm™, € max = 377 dm® mol! cm™) is assigned to a ligand-
to-metal charge transfer (LMCT) transition [29]. Another
band at (516 nm) (19,493 cm’!, € max =298 dm? mol™! cm-
) is attributed to a d-d transition of (TiE—>Tar)
supporting a tetrahedral geometry around the Ni(II) ion
[30]. The UV-visible spectrum of the Mn(II) complex, as
shown in Figure 1(c), exhibits four absorption bands. A
strong band at (217 nm) is attributed to an intra-ligand
(m—mw*) transition, while a weak band at (238 nm)
corresponds to an (n— 1*) transition.

Table 2. FT-IR spectral data of the ligand and its complexes.

No. Compounds v(NH>) v(O-H) v(C=0) v(C=N) v (M-0) v(M-N)
A. 2-aminophenole 3373-3302 3051 - - - -
B. 2-amino-3,5-dibromobenzaldehyde 3450-3250 - 1680 - - -
I. Ligand 3372-3334 3448 - 1618 - -
2. 2-aminopropane-1,3-diol 3311-3269 3182 - - - -
3. [Ni(L)(CsH7NO»)] 3334-3309 3110 - 1658 512m 423 w
4. [Mn(L)(C3H7NO»)] 3462-3446 3217 - 1643 549 m 464 w
5. [Cu(L)(C;HINO2)] 3460-3446 3219 - 1641 557w 437 m
6. [Co(L)] 3446-3332 - - 1660 549 m 484 m
m = medium, w = weak
Table 3. The electronic spectral data of the ligand and its metal complexes.
Band Position  Electronic € max . Suggested
No.. Compounds (A nm) transition (cm™) (dm*mol'cm™) Assignment configuration
I. Ligand 271 36900 2608 n—on* -
393 25445 2451 n—m*
2. [Ni(L)(C3H7NO»)] 216 46296 1262 n—m* Tetrahedral
242 41322 1094 n—*
420 23809 377 CT
516 19379 298 Tim—>Taw)
3. [Mn(L)(C3H7NO»)] 217 46082 1187 n—om* Tetrahedral
238 42016 951 n—omn*
389 25706 230 CT
513 19493 93 6A1—Ti()
4. [Cu(L)(CsHINO?)] 219 45662 1659 n—om* Tetrahedral
238 42016 1553 n—omn*
443 22573 757 CT
503 19880 775 3T1(p)—>3T1(F)
5. [Co(L)2] 235 42553 1813 n—m* Tetrahedral
413 24213 611 M- p)
550 18181 250 4A—>4T1(F)
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Fig. 1. (a) UV-visible spectrum of the free ligand, (b) UV-visible spectrum of the Ni(IT) complex, (¢) UV-visible spectrum of the
Mn(II) complex, (d) UV-visible spectrum of the Cu(Il) complex and (e) UV-visible spectrum of the Co(II) complex.

The band observed at (389 nm) is assigned to a
(LMCT) transition [31]. Additionally, a weak band at
(513 nm) is assigned to the spin-forbidden (°A1—*Tiq))
d-d transition, consistent with a tetrahedral Mn(II)
complex [32]. In the spectrum of the Cu(Il)) complex
Figure 1(d), Displayed four absorption bands at (219,
238, 443 and 503 nm). The bands at (219 nm) and (238
nm) are attributed to intra-ligand transitions. The
absorption band at (443 nm) is assigned to (LMCT)
transition [33], while the weak broad band at (503 nm)
corresponds to a d-d transition (*Tp—>Ti)), indicating
a tetrahedral geometry [34]. In the UV-visible spectrum
of the Co(Il) complex Figure 1(e), three absorption bands
were observed. A strong band at (235 nm) is attributed to
(m—7*) transition ligand, while a shoulder band at (413
nm) is assigned to a (LMCT) transition (*Ax>—*Tip)). A
weak band at (531 nm) is attributed to a d-d transition
metal ion for (*A—*T)of the Co(Il) ion, confirmed the
tetrahedral geometry of the complex [35].

3.3. Conductivity Measurements

The molar conductivity values of the metal ion
complexes in DMF (10 M) were measured at room
temperature. As shown in Table 4. The recorded
conductance values were all below (11 Q'-cm?mol™)
indicating that the synthesized complexes exhibit non-
electrolytic behavior [36]. This suggests the absence of
ionic species outside the coordination sphere of the
complexes.

3.4. Magnetic susceptibility

The magnetic moment of the complexes determined
using Faraday's method, provides insight into the
coordination geometry of the metal ions. The magnetic
susceptibility measurements were carried out using a
Gouy balance, allowing for the estimation of the number
of unpaired electrons in each complex [37]. Table 5
presents the results of the effective magnetic moment (p
off = B.M) determined from the magnetic susceptibility
measurements of selected complexes at room
temperature. By utilizing the equation (perr = 2.828 XV
AT), the estimated (pfr) indicates all complexes exhibit
high spin characteristics. The electron configurations of
the d-orbitals for the metal ions are as follows: Ni(II) has
2 unpaired and 3 paired electrons, Mn(II) has 5 unpaired
electrons, Cu(Il) has 1 unpaired and 4 paired electrons,
and Co(II) has 3 unpaired and 2 paired electrons. These
configurations support sp® hybridization, signifying a
tetrahedral geometry for all complexes.

3.5. TH-NMR Spectroscopy

The 'H-NMR spectrum of the ligand in DMSO-ds
(Fig. 9 Supp.), displays a singlet at 6 (8.70 ppm),
corresponding to the azomethine proton CH=N- of the
Schiff base. Another singlet at 6 (9.43 ppm) is attributed
to the phenolic -OH proton [38]. Multiple signals
appearing in the range of 6 (6.83-7.75 ppm) correspond
to the six aromatic protons [39]. In contrast, a singlet at o
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(3.43 ppm) is attributed to the amine -NH> protons, while
the peak at & (2.45 ppm) corresponds to the residual
DMSO solvent [40]. The spectral data are listed in
Table 6.

3.6. 13C-NMR Spectroscopy

The C-NMR spectra further substantiate the
structural characterization of the ligand, is shown in (Fig.
10 Supp.) and the corresponding data summarized in
Table 7. The signals reflect magnetically non-equivalent
carbon atoms. The "C-NMR spectrum of the ligand
shows a signal at & (160.77 ppm) attributed to the
azomethine carbon CH=N-. Two signals at 6 (105.00 and
116.87 ppm) correspond to the aromatic carbons bearing
bromine C-Br, while the signal at § (151.33 ppm) is
assigned to the phenolic carbon C-OH. In addition, a
signal at 6 (145.71 ppm) corresponds to the C-NH;
carbon within the aromatic ring. The peaks at & (138.34,

120.00 ppm) are assigned to the C-N and C-CH=N
groups of the benzene ring, respectively. Six signals in
the range 6 (109.75-136.13 ppm) are attributed to
aromatic C=C carbons [41]. Furthermore, five peaks
observed around & (40 ppm) correspond to the DMSO
solvent [42].

3.7. Mass Spectrum of the ligand

The mass spectrum of the ligand is displayed in (Fig.
11 Supp.). A molecular ion peak was observed at (370.1
m/z) which corresponding to the Schiff base ligand
moiety [Ci3sHoBraN2O] *, calculated molecular weight
(371.04 g/mol). Additional peaks at (288, 209.1, 179,
104, and 77 m/z) correspond to stable fragment ions,
supporting the successful synthesis and purity of the
ligand. The observed fragments are summarized in
Table 8.

Table 4. Molar conductivity data of the synthesized metal complexes.

Complexes Chemical formula Molar conductance Behavior
(Q'-cm?mol™)
[Ni(L)(C3H/NO»)] Ci16H16Br2N3NiO3 7.6 Non-electrolyte
[Mn(L)(C3H7NO»)] Ci6H1sBroMnN30; 10 Non-electrolyte
[Cu(L)(CsH/NOy)] Ci16H16Br2CuN30s3 3.5 Non-electrolyte
[Co(L):] Ca6H13BrsCoN4O; 5.85 Non-electrolyte
Table 5. Magnetic moment data (perr = B. M) at 298 K for the synthesized complexes.

x 106 % 10-3 * 3 Meft Meft

Complexes wsccptivity susceptivility | suwceptipty  (FB) (B (R
Expt. Calc.
[Ni(L)Y(C5H/NOz)]  7.43 3.84 3.62 2.8-4 2.94 Tetrahedral
[Mn(L)(C3H/NO»)] 27 13.9 13.7 5.9-6.2 5.72 Tetrahedral
[Cu(L)(CsH/NO2)] 3 1.58 1.36 1.7-2.2 1.8 Tetrahedral
[Co(L):] 12.7 10.2 9.9 4.5-5 4.86 Tetrahedral
Table 6. 'H-NMR spectral data of the ligand.
Hydrogen No. Group o (ppm)
1(CH=N) singlet. Azomethine 8.70
1(OH) singlet. Phenolic 9.43
6(H Aromatic) multiple Ring 6.83-7.75
(NH>) singlet. Amine 343
DMSO - 2.45
Table 7. '*C-NMR spectral data of the ligand.

Carbon No. Group o (ppm)
1(CH=N) Imine 160.77
2(C-Br) Benzene ring 105-116.87
1(C-OH) phenolic 151.33
1(C-NH») Benzene 145.71
1(C-N) Benzene 138.34
1(C-CH=N) Benzene 120
6(C=C) Benzene ring 109.75-136.13
DMSO - 40
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Table 8. Mass spectral data of the ligand.

Fragmentations Mass/charge(m/z) Relative abundance
[C13H9B1‘2N20] + 370.1 100
[Ci13H10BrN,O]* 288 10.0

[C13HoN,O] " 209.1 9.2

[CisHoN]* 179 8.9

[C7HgN] ™ 104 7.5

[CeHs]* 77 19.8

3.8. Biological activity of the ligand and its complexes

The biological activity of the ligand and its complexes
Ni(Il), Mn(II), Cu(Il) and Co(II), was tested against two
kinds of harmful bacteria. utilizing the inhibition method
[43]. The two bacterial kinds were Gram-positive
Staphylococcus aureus and Gram-negative pseudomonas
aeruginosa [4, 44]. The ligand and Ni(II) complex did not
exhibit any inhibitory activity against either bacterial
strain after 24 hours, as shown in Figure 2. In contrast,
the Mn(Il) and Cu(Il) complexes displayed zones of
inhibition against both strains, indicating greater
antibacterial activity compared to the ligand and Ni(Il)
complex. Additionally, the Co(Il) complex showed an
inhibitory =~ zone  against the  Gram-positive
Staphylococcus aureus but had no effect on the Gram-
negative Pseudomonas aeruginosa. Norfloxacin at 30 pg
is employed as a standard for both bacterial strains. The
inhibitory zones were quantified in mm, and the results
are presented in Table 9.

Gram +ve, Staph.

Fig. 2. The biological activity of ligand and their complexes.

3.9. Stability Measurement of the mixed-ligand Ni(II)
Complex Using UV-visible Spectroscopy

The stability of the synthesized Ni(Il) complex was
evaluated over time using UV—-visible spectroscopy. The
absorbed spectra were documented at many distinct
intervals. The UV-visible spectra remained unchanged
across all experiments, indicating no significant shifts in
absorption maxima or peak intensity. This consistency
indicates that the Ni(Il) complex maintains structural
integrity and stability under the experimental conditions.
The unchanged spectrum indicates the complex's stability
making it suitable for coordination chemistry and
biological applications [40]. The stability of the Ni(Il)
complex was evaluated by measuring its absorbance at

85

several time points 24, 48, and 72 hours, as well as one,
two, and three weeks. No significant changes in
absorbance were detected, confirming its stability. The
stability of the Ni(II) complex, as demonstrated by UV-
visible spectroscopy, is illustrated in Figure 3.
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Fig. 3. The stability Ni(Il) complex by UV-visible
spectroscopy.

3.10. DFT-optimized Structures and HOMO-LUMO
Energies of ligand

The HOMO, LUMO and global properties of the
indicated molecule presents in Table 10. This data was
acquired via the (LanL2DZ) basis set and the
DFT/B3LYP theoretical framework [45, 46]. The energy
gap denotes the disparity between a molecule's kinetic
stability and its chemical reactivity, it including both
EHOMO and ELUMO [47]. A molecule possessing a
molecule with a substantial HOMO-LUMO gap is
considered hard. Less soft, indicating a diminutive size
and markedly diminished polarizability. Table 10
presents the calculated results based on the energy values
of the HOMO and LUMO orbitals. The negative
chemical potentials of (-5.7163 and -2.0629),
respectively, show that these compounds are stable and
do not decompose into their basic components. The
HOMO-LUMO energy gap (AE = 3.6534 e¢V) with the
(LanL2DZ) basis set is a crucial parameter that defines
the molecule’s reactivity and stability [48], with a larger
gap signifying lower chemical reactivity and higher
stability.
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Table 9. Antibacterial activity data of the ligand and its metal complexes.

Zone of inhibition of samples (mm) in:

No. Compounds fCOl;fnn:lll?l Gram (-Ve) pseudomonas Gram (+Ve) Staphylococcus
aeruginosa aureus

1. Ligand Ci3H10Br2N2O - -
2. [Ni(L)(C3H7NO2)]  Ci¢Hi6BraN3NiO; - -
3. [MH(L)(C3H7N02)] Ci6H16BrsMnN30O3 15 16
4. [Cu(L)(C3H7N02)] Ci6H16BroCuN303 8 20
5. [CO(L)z] Ca6H13BrsCoN4O» - 10

Table 10. The quantum chemical parameters of the ligand.
Parameters Values
HOMO (eV) -5.7163
LUMO (eV) -2.0629
AE (eV) 3.6534
Ionization potential IP"(eV) 5.7163
Electron affinity “EA"(eV) 2.0629
Chemical hardness "n" (eV) 1.8267
Chemical softness "S” (eV™) 0.5474
Electronegativity "y" (eV) 3.8896
Chemical potential "u"(eV) -3.8896
Electrophilicity "o" (eV) 4.1411
Nucleophilicity "Nu" (eV") 0.2415
AE backdonation -0.4567
Transfer electron fraction AN 2.8407
Dipole-moment (Debye) 6.415632

The small energy gap with a (LanL2DZ) basis set
indicates that this more flexible basis set can more
effectively  account for  electron  correlation,
demonstrating significant electronic diffusion from donor
to acceptor orbitals [49]. The literature research indicates
that molecules with high ionization potential and
chemical hardness exhibit low reactivity, while soft
molecules are more reactive due to their greater electron
transfer ability. The ionization potential (IP = 5.7163 eV)
reflects the molecule’s tendency to lose an electron
(oxidation), while the electron affinity (EA = 2.0629 eV)
indicates its tendency to gain an electron [50].

The chemical harshness (n = 1.8267 e¢V) indicates the
molecule's barrier to alterations in electron density, with
elevated values denoting enhanced stability, whereas
chemical softness (S = 0.5474 eV™'), its reciprocal,
denotes heightened reactivity. A high Electronegativity
(x = 3.8896 eV) for (LanL2DZ) basis set indicates a
molecule's capacity to attract electrons, hence affecting
its interactions with adjacent entities. The electrophilicity
index (@ = 4.1411 eV) measures the molecule's
propensity for accepting electrons, which is essential for
its reactivity [50]. The back-donation energy (AE = -
0.4567 eV), and the transferred electrons (AN) exhibit
positive values, (AN = 2.8407 eV), a positive AN
indicates that the molecules are emitting electrons and
signify electron transfer between the ligand and metal
center, enhancing complex stability. A high dipole
moment (6.42 Debye, LanL.2DZ) indicates significant
charge polarity within the molecule [51].
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The Molecular Electrostatic Potential (MEP) map of
the ligand explains its charge distribution and potential
reactive sites. The MEP was calculated via the
(DFT/LanL.2DZ) basis set [52]. displaying areas with
differing electrical potential. Figure 4. displays the
Molecular Electrostatic Potential (MESP) surface of the
ligand.
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Fig. 4. The optimized structure, LUMO, HOMO and MEP
for the ligand.
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The predominantly green surface indicates a neutral
electrostatic potential, reflecting a balanced electron
density with no significant nucleophilic or electrophilic
regions [5]. Small blue portions correspond to electron-
deficient areas, potentially serving as electrophilic sites,
whereas  yellow regions  signify  electron-rich,
nucleophilic sites [53]. The MEP analysis forecasts
ligand-metal interactions and coordination, facilitating
comprehension of chemical reactivity and biological
activity.

4. Conclusion

The interaction between 2-aminophenol and 2-amino-
3,5-dibromobenzaldehyde resulted in the synthesis of a
novel Schiff base ligand. The reaction of this ligand with
metal chlorides Ni(Il), Mn(II), Cu(II), and Co(II) in the
presence of 2-aminopropane-1,3-diol lead to the
formation of tetrahedral metal complexes with the
general formula [M(L)(CsH7NOy)], where M = Ni(Il),
Mn(Il), and Cu(Ill). While Co(Il) formed a distinct
[Co(L),] complex. Spectroscopic analyses confirmed
complex formation, with FT-IR spectra showing
characteristic shifts indicating ligand coordination. The
UV-visible spectra showed distinct peaks in the visible
region, confirming d-d transitions and metal ion
coordination.  Furthermore, the 'H and "*C-NMR
analyses corroborated the structure of the Schiff base
ligand. The nature of the fragments in the mass spectrum
frequently elucidates the ligand's molecular structure.
The Magnetic moment measurements supported the
concluded geometrical shapes of all the complexes which
is the tetrahedral. Conductivity measurements indicate
that all complexes are non-electrolytic. Antibacterial
studies revealed enhanced activity of Mn(II) and Cu(II)
complexes over the free ligand, likely due to increased
lipophilicity improving bacterial membrane interaction.
The DFT-optimized structures indicate the HOMO-
LUMO and all chemical and physical properties. MEP
mapping delineates critical interaction sites for metal
coordination and biological function. Finally, a novel
bromine-substituted Schiff base and its metal complexes
with 2-aminopropane-1,3-diol were synthesized and
characterized. The Mn(II) and Cu(Il) complexes showed
notable antibacterial activity, indicating potential
bioinorganic applications.
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