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Abstract

Three new Schiff base complexes of silver (1), samarium (I11), and uranium (V1) have been prepared by thermal reaction of the metal and the
Schiff base” L” prepared by the condensation of furfuran and naphthalene-1,8-diamine. The ligand L and its complexes were specified by
using spectroscopic methods IR, *H NMR, Uv-visible, mass spectroscopic (MS) in addition to elementary analysis, magnetic moment,
conductivity and (TGA/DTA), SEM, X-rays (XRD), and PL (photoluminescence) examinations. The nitrogen of the azomethine group and
the oxygen atom of the furan ring serve as coordination sites for the ligand, L, which acts as a neutral bidentate-type. The Ag(l) complex has
been proposed to have a tetrahedral structure, whilst the uranium (VI) and samarium(l1l) complexes possess six coordinated octahedral
geometries with formulae of [AgL(H20),].NOs.2H,0, [SmL;3](ClO4)3.H,0 and [UO,L,](CIO4),. Thermal analysis of the complexes indicated
the presence of hydrated water molecules in both silver and samarium complexes, besides a coordinated water molecule in the silver complex
and confirmed the absence of both hydrated and coordinated water molecules in uranium complex. The magnetic measurements of both Ag(l)
and U(VI) complexes proved a diamagnetic property, while the Sm(Ill) complex was paramagnetic. The conductance measurements of
complexes detect their electrolytic nature. The X-ray diffraction pattern of the ligand and its Ag(l) and U(IV) complexes exhibit sharp peaks
indicating their crystalline nature, while the Sm(l11) complex was found amorphous in nature. All the synthesized compounds except U(V1)
complex can potentially serve as photoactive materials. Gaussian 09 software could be utilized to optimize the geometry of both ligand and
silver(l) complex and then. Consequently, using the DFT technique the bond length, angles of bonds, HOMO-LUMO energy gap, and
quantum chemical parameters could be computed. The Sm(IIl) compound was discovered to catalyze dye degradation in the presence of
H,0,, with a noticeable shift in the color of the product of the reaction with time and temperature. Although the ligand may not be act as
antitumor drug, the Ag(l) complex may be considered a modest anticancer agent. Binding studies between ligand and Ag(l), Sm(l1l) and
U(V1) complexes with the S. aureus receptor have been studied by molecular docking.
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1. Introduction

Schiff bases have a different implementation in several fields, e.g., biological activity [1-3], heterogeneous catalysis [4],
oxygen carriers [5], oxidation of alkenes to alkanes [6] and photoluminescent properties [7]. The luminescent properties of
lanthanide complexes depend on the electronic configuration of f-orbitals in each metal and ligands. Lanthanide complexes
are used in a variety of applications, including conversion of solar energy [8], luminous substrates in biomedicine [9],
superconductors [10], sensors [11], lasers [12,13]. Also, they were employed in the medical profession for diagnostics and
therapy due to their luminescence and magnetic properties [14]. In certain situations, the bonding between the ligands and the
Lanthanide sites through the "antenna effect" produces photoluminescence [15]. The Schiff base derived from 2-furaldehyde
and phenylenediamine reacts with the lanthanides La(lll), Sm(l1l), Gd(lI1), Er(lI1) to form the corresponding solid and stable
complexes[16]. The analytical analysis proposed the general formula of the complexes [Ln(LY3)2(NO3)2]NO3.nH20 where
(Ln =La, Sm, Gd, Er) and n = %2, 1 or 2. The spectroscopic studies suggested the coordination of the metal ions with ligands
through eight bonds. Interestingly, samarium complexes [Sm(L-3)2(NOs)2]NOs.H20 showed specific fluorescence properties.
The coordination chemistry of lanthanides represents special attention areas for its potential applications in biomedical field
area such as catalysis, sensor magnetism, electronics and optics [17,18]. In addition, the lanthanide with Schiff bases
complexes could be utilized as fluorescent indicators for cancer biomarkers [19]. Samarium(I11) complexes have a wide range
of uses, including optical. characteristics, catalysis, imaging, material doping [20] and have a low luminescence intensity
when compared to other rare-earth-based ions [21]. Recently, nanomaterials have been used to enhance the luminescence
properties of Sm3+ ions. For example, Sm®-doped nanocrystals have been found to exhibit significantly enhanced
luminescence in comparison to bulk substances owing to their high surface area and efficient energy transfer processes [22].
Silver and its compounds have been known as poisonous to bacteria, viruses, fungi and algae. Recently, silver or silver
compounds are used in medical field as anti-microbial agent and used as catalysis [23,24]. The biological activities of many
silver(l) complexes have also been reported [25]. The uses of Ag(l) complexes can explain the role of the anti-microbial
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action involved in the interactions with DNA [26,27]. Several furan derivatives were extracted from plants, fruits, oils [28].
During thermal food processing of carbohydrates and ascorbic acid from sugar-amino acid interactions, furan derivatives were
obtained. Due to the presence of the furan or tetrahydrofuran ring including the structure of furan derivatives, they have active
biological properties that allow them to produce several pharmaceutical drugs. Compounds including the furan ring are
biologically active. Comparing the biological activity of silver(l) complexes with pyrrole, AgPy2c, and furan-2-carboxylate,
AgFu2c, against selected microorganisms and cell lines it is found that the AgFu2c complex was only effective [29,30]. The
uranyl ion, UO2?*, is highly stable due to the strong bond between the uranium and oxygen atoms [O=UV'=0]%*. Uranyl(VI)
complexes demonstrate a variety of appealing physicochemical features, including photoluminescence, photocatalysis, and
photochemical reactivity [31,32]. Our interest in synthesizing and characterization of biologically active Schiff bases,
especially furan derivatives and their transition metal complexes, has encouraged us to continue to achieve the our previously
published ligand,8-((furan-2-ylmethylene)amino)naphthalene-1-amine, [33] with some selected transition metals; Ag(l),
Sm(I1) and U(VI). DFT has been used to calculate the HOMO-LUMO energy gap and the quantum chemical variables from
optimizing structures. Binding studies between the ligand and Ag(l), Sm(I11) and U(VI) complexes with the S. aureus receptor
have been studied by molecular docking.
2. Experimental
2.1. Materials

Furfuran, naphthalene-1,8-diamine and all metal salts employed in this study (AgNOs, Sm203 and UO2(ClO4)2 were
obtained from BDH Chemicals Ltd, England. All solvents were of high purity. They were utilized without being purified
further.
2.2. Physical measurement

FTIR (KBr pellets) was obtained using a Perkins Elmer, spectrophotometer type 1430. 'H NMR spectra were acquired
using a Brucker 500 MHz analyzer in DMSO-ds as solvent with tetramethyl silane (TMS) as the internal reference. The
elemental composition of the substances was performed using element analyzer by Perkin-Elmer. An Electrothermal 9200 was
used to determine the melting degrees. The complexes' molar conductance was estimated utilizing a Jenway 4010 conductance
instrument. On a JMS-AX 500 spectrometer, mass-spectral investigations for the compounds (70 eV, EI) were measured. On a
Sherwood magnetism balance, the magnetic moment values were calculated using the Guoy method. The LS50B Jenway 6270
Fluorimeter was used to examine the compounds using 1 cm pathlength quartz cuvettes. The setting of the instrument's
excitation slit and emission slit was 5 nm. Thermogravimetric measurements (TG and DTG) were performed utilizing a
Shimadzu DT-50 thermal analyzer. PXRD imaging was done at room temperature using a Philips X'pert multifunctional
diffraction and radiation sources{Ka1(1.54056A), K«2(1.54439A) and Ky (1.39222 A) with the intensity of radiation average
weighted as (Ko.ave) 1.54184A}.
2.3. Preparation of compounds
2.3.1 The synthesis of the ligand (L)

The synthesis of the ligand (L) was achieved by applying previously published procedures as described [33].
2.3.2 Synthesis of metal complexes

To prepare the complexes, 10ml, Immol of the metal salt solution was dissolved into absolute ethyl alcohol and the
ligand was prepared by dissolving 1Immol of L in ethanol solution. The metal salt solution was added dropwise to the ligand
solution with constant stirring. The resulting mixture was refluxed for three hours. Then, the resultant solution was
concentrated by evaporation. The formed precipitate was isolated and washed several times by hot petroleum ether. The
proposed structure of complexes is given in Fig. 1.
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Fig. 1: The proposed structure of complexes.

2.4. DFT computations

Using the DFT approach, the ligand and Ag(l) complex structure were optimized in the gas phase. Gaussian 09 software
was used for all calculations. The B3LYP functional used the 6-31G(d) ligand basis set and the LanL2DZ complex basis set.
The orbital energy was calculated using the optimized structures.
2.5. Catalytic activity of Sm(I11) complex

The experiment was carried out in a thermostatic water bath with constant concentrations of the methyl orange dye (MO)
solution (0.015 gm/L), hydrogen peroxide (1.0 mL), and Sm(I1l) complex catalyst (0.003gm) at three distinct temperatures of
40, 50, and 60 °C. A magnetic stirrer was used to stir the reaction mixture. The wavelength of absorption of the combination
was evaluated at 470 nm at various times and temperatures using extracted parts of the thermostatic reacting mixture.
2.6. Pharmacological evaluation
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2.6.1. Antimicrobial activity in vitro

The fungus A. flavus and C. albicans, the bacteria S. aureus, E. coli, B. subtilis, and P. aeruginosa, as well as the
standards Ampicillin and Amphotricine B, were utilized in this investigation. Activities of all synthesized compounds were
examined employing NA (Nutrient Agar) and Sabouraud dextrose-agar (SDA) media growing bacteria and fungus [34,35].
The examined compounds were dissolved into a small quantity of DMSO to attain concentrations equal to 1 mg/ml, and 100
ul for every preparation utilized. The plates made of agar were left to incubate at 37°C for bacteria and 25°C for fungi,
respectively. The widths of inhibitory growth areas in millimeters during 24 hours to supply bacteria and 48 hours to supply
fungi were measured as an indication of antimicrobial activity. The test was performed in duplicate. The zone dimension
measurements were averaged and the average values were recorded. The outcomes were classified as either inactive, little
activity, medium activity, or significant activity.
2.6.2. Minimum Inhibitory Concentration (MIC) Determination

The MIC is defined as the smallest concentration of an antimicrobial substance or investigated substance which will
suppress detectable growth of bacteria during overnight incubation in comparison to the control substance. Bacterial
stationary-phase cultures were produced at 37°C and utilized to infuse in new 5.0 ml of the culture to achieve an OD600 of
0.05. After incubation the 5.0 ml cells at 37 °C for OD600 of 0.10, calibrated suspensions of bacteria were produced to the last
density of cells of 6 x 105 CFU/mI. Before applying the extracts to the plates and incubating them for 24 hours at 37°C,
multiple dilutions (0-128g/ml) were made and mixed with 5.0 ml of the optimized bacteria solution. Colony formation units
(CFU) were measured for each concentration (NCCLS: M7-A4, 1997) [36].
2.7. Cytotoxicity evaluation using viability assay

Human breast cancer (MCF-7) cells were used in an in vitro screening test for the ligand and Ag(l) complex at the
Regional Centre for Mycology and Biotechnology, Cancer Biology Department, Pharmacology Department, Al Azhar
University using cisplatin standard. The cells were obtained from the American Type Culture Collection (ATCC, Rockville,
MD). The cells were cultured in 10% heat inactivated fetal bovine serum (FBS), 50 g/ml gentamycin, 1% L-glutamine, 10%
Dulbecco's altered Eagle's medium (DMEM), and a buffering agent called HEPES. Every cell was cultured two times for a
week in a humid environment using 5% COz at 37°C. For the cell toxicity experiment, the embryonic stem cells are placed in
a plate with 96 holes. New medium with varying amounts of the analyzed samples being injected after 24 hours. A variety of
channel pipes were employed to deliver sequential double-dilutions of the examined substance to single merged cell layers.
For 48 hours, a humidified chamber with 5% CO2 and 37°C was used to incubate microtiter dishes. For every sample dosage,
three separate wells were employed. The tiny amount of DMSO found in the holes (up to 0.1%) had no influence on the
experiment. After 24 hours of growth at 37°C, different quantities of samples were administered, and the surviving cell
generated was investigated. Following the completion of the incubation phase, fresh media was extracted and a 1% crystalline
violet fluid was introduced to every well for a minimum of 30 minutes. The spot was eliminated and the serving dishes were
thoroughly cleaned with water from the tap to eliminate any leftover stains. The absorbance was measured at 490. All data has
been modified using baseline absorbance determined in wells with no additional staining. The treatment specimens were
contrasted with the cellular control in having no of the investigated chemicals. Every procedure was done in triplicate. For
each tested compound's cell, cytotoxicity was calculated. To determine the quantity of active cells, a reader for micro plates
was used for figuring out the density of optics. By charting the association between remaining cells and medication
concentration, the remainder curve of every cell was established.
Table 1: Physical and analytical data of the metal complexes

Compound Color M.P Yield (%) C% H% N% Molar
Obs. Obs. Obs. conductance
(Cald.) (Cald.) (Cald.)  (Qmol™t cm?)
[AgL(H20)2]NOs.2H.0  Brown >300 75 374 3.9 8.2 55
AgCi1sH20N30g (37.7) (4.2) (8.8)
[SmL3](ClO4)3.H20 Dark >300 85 46.4 3.1 6.8 330
SmCa5H38N6016Cl3 brown (46.0) (3.3 (7.2)
[UO2L.](ClO4)2 Black >300 83 38.7 2.8 6.1 202
UC30H24N4012Cl2 (38.2) (2.5) (5.9)
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Table 2: FTIR and 1H NMR spectral information about the ligand and its metal complexes (cm-1)

Compounds v(NH2) v(C= v(C-O- v(M-  v(M- Additional 'H NMR (ppm)
Or N) C) 0) N) bands
(OH) (furan)
L gggg 1632 1243 - - - 1068 s (2H, NHp), 7.92
(1H, azomethine), 6.23-7.
m (9H (6ArH, 3 Furan H))
[AL(H:0)JNO;2 3395 1635 1270 524 480 1383 821 vNOs; 10.68 s (2H, NH.), 8.34 s
H.0 ionic (1H, azomethine), 6.81-
790 m (9H (BArH,
[SmL3](ClO4 3420 1645 1270 525 473 1117, 627 -
)a.H20 v(CIOY)
[UO.L:(CIO), 3345 1644 1270 524 470 1119, 625 10.68 s (2H, NHy), 8.30 s

v(CIOx)

(1H, azomethine), 6.20-
790 m (9H (BArH,

1088 V(O:U:O) 3Furan H))

The fifty percent concentration that inhibits (IC50), or the amount of substance needed to elicit adverse effects in fifty per cent
of cells that are not damaged, was determined using the graphing tool utilizing graphic graphs of the dosage responsiveness
curve for every concentration [37,38].

3. Results and discussion

3.1. Elemental examinations

Table 1 showd the outcomes of the analysis (CHN) data including proposed chemical formulas and physical parameters of
complexes of Schiff base. The Ag(l), Sm(Ill, and U(VI) complexes were insoluble in the majority of popular solvents
containing organic compounds except DMF and DMSO.

3.2. Magnetic and electrical conductivity investigations

Magnetic moment studies demonstrated that the two Ag(l) and U(VI) complexes have a diamagnetic property [39], while
that of the Sm(I11) complex has a paramagnetic property with a value of 1.56 BM. [40].The conductivity measurements of all
complexes examined in DMF demonstrated the electrolyte character (Table 1). According to the observed values, the
compounds seemed electrolytes in order of kind 1:1 just for the Ag(l) complex, 1:2 for the U(VI) complex, and 1:3 for the
Sm(I11) complex.

3.3. IR and 'H NMR spectra

The infrared spectroscopy for compounds indicated substantial v(C=N) within a 1635-1645 cm* region, with some shift
compared to that of the ligand (1632 cmt) [41-43]. Furthermore, IR spectra revealed v(NH2) and/or v(H20) broad stretching
frequencies within the 3345-3420 cm™ range (Table 2). These observations could imply that the complexes included
coordination or hydrated water molecules. Moreover, the band at 1270 cm in the spectra of complexes may be due to v(C-O-
C) [44]. Non-ligand vibrations that stretching were also identified in the infrared spectra of complexes at the 525-524 cm™* and
480-470 cm* areas were dubbed v(M-0) and v(M-N) stretched vibration, consequently, and confirmed binding of the atoms
of oxygen and nitrogen to the metal in complexes [45]. Furthermore, the FTIR spectrum of the Ag(l) complex showed bands
at 1383 and 821 cm* that matched with the ionic nitrate group [46]. Other bands appeared at 1117 and 627 cm™ in the IR
spectroscopy of the Sm(I1l) complex owing to v(ClOx«) stretched frequency, while the U(VI) complex showed stretching
bands of frequencies at 1119 and 625 cm*due to the inclusion of ClO4 ion, in U(VI) complex, in addition to stretching band
of frequency at 1088 cmcorresponding to O=U=0 species [47].The one-dimensional nuclear magnetic resonance values of
the ligand L, as well as the Ag(l) and U(VI) complexes were recorded. For the ligand L, the *H NMR spectrum demonstrates
an NHz singlet at 10.68 ppm [48] while the two Ag(l) and U(VI) complexes exhibited no shift in NHz protons compared to the
ligand. In addition, the *H NMR spectra for the two complexes (Figure 2) revealed singlets at 8.35 and 8.30 ppm owing to the
azomethine group for Ag(l) and U(VI) complexes, respectively, with a lower field shift than the corresponding signal in
ligand (7.92 ppm). These findings verified metal-ligand coordination via the O of the furan molecule as well as the N of the
azomethine. Furthermore, the aromatic and furan protons of the ligand (6.23-7.52 ppm) exhibited proper shift in complexation
(6.20-7.90 ppm) (Table 2).
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Fig. 2: 'H NMR spectra of (a) Ag(l) and (b) U(VI) complexes.

3.4. Mass spectra
Mass spectrometry measurements of Ag(l) as well as U(VI) compounds (Figure 3) revealed peaks for molecular ions at

m/z = 479 (42%) and m/z = 942 (29%) which agree with the suggested molecular weight 478.206 and 941.475 amu,
respectively.
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Fig. 3 : Mass spectra of (a) Ag(l) and (b) U(VI) complexes.

3.5. Electronic spectra
At ambient temperature, electronic characteristics for the compounds were obtained (Figure (4a, b) & Table 3). The

complexes' absorption spectra showed two distinct bands at 274-281 nm and 328-345 nm, as well as a novel band around
(429-447 nm) that was associated with —n*, n—n* and charge transfer (C.T) transitions, respectively [49].
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Fig. 4:The UV-Vis (a, b) and fluorescence spectra (c) of synthesized ligand and its metal complexes.
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Table 3:  Electronic spectra data A (nm) of the ligand, L and its metal complexes.

Compound UV-Vis data  Amax
non* | non* CT

L 252 329,340 -

[AgL(H20):]JNOs.2H | 274 345 447

20

[SmLs](ClO4)3.H.0 | 281 332 438

[UO2L2](ClO4)2 274 328,344 | 429

3.6. Photoluminescence studies

The spectra of fluorescence for the L and Ag(l) and Sm(I11) compounds (Figure 4c) in DMF solution were determined at
room temperature. Some ligands of Schiff bases with an aromatic ring can have their fluorescence emission improved or
inhibited by metal ions. Transition metal ion quenching of ligand fluorescence upon complexation was a fairly typical
phenomenon which was attributed to mechanisms such as magnetic disturbance and electrical energy transfer [50]. The
ligand's fluorescence was quenched via an Ag(l) ion, which exhibited a maximum of 279 nm on excitation at 274 nm.
However, the emission intensity for the Sm(lIl) complex was stronger compared to that of the ligand, found at 342 nm and
395 nm when stimulated at 281 nm, respectively. The U(VI) complex exhibited no emission when excited at 344 nm. On the
other hand, fluorescence enhancement via complexation piqued our attention because it opens the door to photochemical
applications for these complexes [51].
3.7. Thermal and kinetic studies

The thermogravimetry plot revealed that the [AgL(H20)2]NO3.2H20 complex breaks down into three distinct stages
(Figure5). The first breakdown peak took place between 44-160 °C degrees Celsius, along with a loss of mass of 14.78%
(calc. 15.06%), representing the loss of 4H20. The next breakdown stage (160-299 °C, 10.70 %) caused the removal of
NO2+%0:2 species. Whereas, the third breakdown phase, occurred at temperatures ranging from 299 to 415 °C and results in a
loss of weight of 51.50% due to the removal of the C15H12N20 moiety, releasing metallic silver as residue (Table 4).
The [SmL3](ClO4)3.H20 TG plot revealed three breakdown stages in the average temperature of 28-1000 °C (Figure 5). The
initial stage of breakdown proceeded at temperatures ranging from 28 to 110 °C and produced an overall loss of weight 9.96
% owing to the loss of H20 and 2NO2 molecules. A 2" breakdown step with a mass loss of 29.21% took place within the
temperature range 110-325 °C, related to the decomposition of the [C1sH12N20+3HCI] species. The last breakdown stage
occurred at temperatures ranging from 325-1000 degrees Celsius and resulted in a loss of weight of 46.44% owing to the
removal of CsoH21N207+ %203 moieties, leaving metallic %2Sm20s as a residue (Table 4).

Table 4: Thermogravimetric data of the metal complexes

Compound Stage Temp. range Massloss (%) Evolved moiety Residue (%)
(°C) e Found
Foun  Calc. (Calc.)
[AgL(H20)2]NOs.2H20 | 44-160 1478 15.06 2H20(hyd.)+2H20(coord Ag
) 23.02
I 160-299 10.7  11.29 NO2+%0:2 (22.57)
1 299-415 515 51.08 CisH12N20
[SmL3](ClO4)3.H20 | 28-110 996 9.36  H20(hydrated), 2NO2 ¥%Sm203
I 110-325 2921 2940 CisH12N20+3HCI 1{‘4-18;9
1 325-1000 46.44 4641 CszoH21N207+ %203 (14.39)
[UO2L2](ClO4)2 | 30-85 347 3.00 CaH4 UOs
1l 85-298 26.85 27.62 2HCI+CisHy 29.60
1l 298-906 4040 40.00  Ci3H11N4O9 (30.06)

The thermal decomposition plot of [UO2L2](ClOs4)2, showed thermal decomposition in three stages ranging from 30 to 906 °C
(Figure5). The initial breakdown stage appeared in temperatures ranging from 30 to 85°C, with a total weight loss of 3.47%
(3.00%), which might have contributed to C2Ha moiety. The second step took place at 85-298 °C and caused a total mass loss
of 26.85% (27.62%), probably due to the removal of 2HCI+C1sH7. The final breakdown stage, which occurs at temperatures
ranging from 298-906 degrees Celsius and results in a total loss of weight of 40.40% (40.00%), may correlate to the
elimination of C13H11N4Og, remaining a residue of UO3 of 29.60% (30.06%) (Table 4).
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Fig. 5: TG of [AgL(H20)2]N0O3.2H20, [SmL3](ClO4)3 (H20) and [UO2L2](ClO4)2 complexes.

Thermodynamic parameters of the complexes process of decomposition were calculated [52]. Table 5 shows the computed
and tabulated parameters of kinetics including (S*) activation entropy, (G*) activation energy and (H*) activation enthalpy.
The energy of activation of decomposition, E*, was observed to be in the 34-156 kJ mol range, indicating that the complexes
are thermally stable.

This pattern of performance is acceptable with the covalent nature of the compounds [53,54]. Negative S* values, on the
other hand, imply a more organized activated complex with a lower rate of decomposition processes than normal [55,56].
3.8. Optical properties for the prepared complexes

The energy of the band gap (Eopt) Was calculated using ultraviolet -visible absorption spectra. The value of optical band
gap energy (Eopt) was calculated using the Tauc relation, which is the relationship between the coefficients of absorption o and
the energy of the photon hv for indirect transition as (ahv)¥2 = A(hv— Eopt), where A is a constant [57]. According to Figure 6
(a-c), the calculated values of Eopt for Ag(l), Sm(lIl), and U(VI) complexes were 3.14, 3.10, and 3.20 ev, respectively. As a
result, we may expect that the complexes may be employed as semiconductors in solar cell applications [58].
3.9. Powder XRD analysis
Because many efforts to generate a single of complexes failed, the crystalline structure of these complexes was established via
diffraction of X-ray powder research. The patterns of X-ray diffraction of all recently produced molecules have been scanned
across the 26=10°-80° range at a wavelength of 1.540
A. The Sm(111) complex (Figure7) was discovered to be an amorphous (non-crystalline). The ligand and its Ag(l) and U(V1)
compounds had strong peaks in their diffraction by X-ray patterns, confirming their
Table 5: Thermodynamic parameters of the thermal decomposition of the metal complexes

Compound Steps Decompositio DTGA A AH" AS” AG* E* R?
n Temp. peak (sh (Kd/mol  (I/mol)  (KJ/mo (KJ/mol)
range "C °C ) )]
[AgL(H20)2]NOs.2 | 88-153 131 23.82 36.90 -163.68 103.09  40.26 0.9610
H20 I 165-201 180 6.28 35.01 -175.71 11462  38.78 0.9420
i 383-400 395 18.60x1  150.71  -36.12 17551  156.42 0.9830
07
[SmL3](ClO4)3.H20 1 28-128 64 97.06x1  39.25 -136.72  48.06 39.79 0.9817
" 229-328 278 0® 60.26 -147.76  10.15 62.93 0.9801
12.55x1
04
[UO2L2](ClOa)2 | 29-148 67 8.3x103 33.65 -157.45 44.24 34.21 0.9846
I 203-322 283 5.55x10°  47.07 -172.84  96.08 49.43 0.9627
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Fig. 6: Optical band gap for (a) [AgL(H20)2]NO3.2H20 , (b) [SmL3](ClO4)s (H20) and (c) [UO2L2](ClO4)2

crystallized nature. Table 6 lists the XRD data acquired, such as (1) the relative intensities, d-spacing and 26. The reported and
calculated values of d-spacing were contrasted. When the total diffractograms of metal complexes with and without the free
ligand, L, were contrasted, it was obvious that the disappearance of ligand peaks and the emergence of novel peaks indicated
the production of metal complexes [59]. The particle size was estimated using the Debye-Scherrer equation [60]. The average
particle sizes of the ligand, Ag(l), and U(VI) complexes were 18.69, 11.66, and 7.06 nm, respectively, indicating that they

were nanocrystalline.

The relationship & = 1/D? (where § is the dislocation density in nm2) was used to calculate the dislocation density, which was

the number of dislocation lines per unit area of the crystal (Table 7) [61].
Table 6: X-ray diffraction data of the ligand and U(VI) and Ag(l) complexes

Ligand [UO:2L2](ClOa)2 [AgL(H20)2]NO3.2H.0
Peak d(A) Intensit Angle d(A) Intensit ~ Angl d(A) Intensit  Angle
no. e 20
.Obs Calc. 3(/%) (26) -Obs Calc. {%) 20) Obs Calc. %/%) (20)
1 486 4.86 95.11 18.21 7.78 1.78 5.23 11.36 249 25 1.80 35.91
2 496 4.96 78.28 17.86 4.80 4.80 4.08 18.43 240 2.40 10.20 37.37
3 3.97 3.97 62.90 22.35 3.69 3.69 8.48 2403 236 2.36 100.00 38.04
4 3.60 3.60 53.11 24.68 3.12 3.12 100.00 2850 204 204 20.09 44.24
5 6.77 6.77 4555 13.04 270 270 35.83 33.03 166 1.66 0.53 55.20
6 597 5.97 25.43 14.80 191 191 36 4737 144 145 29.32 64.44
7 465 4.65 23.66 19.04 163 163 31.15 56.24 133 1.33 1.40 70.72
8 462 4.62 21.51 19.17 156 156 4.92 5890 123 1.23 30.03 77.37
9 3.77  3.77 100.00 23.51 135 135 3.18 69.19 - - - -
10 437 4.37 22.84 20.25 7.78 7.78 5.23 11.36 249 25 1.80 35.91

Intensity

o

Mll [ .l I' U(VI) complex
Sm(IIl} complex
Ag(l) complex
Jk A A A
. Ligand
10 20 30 40 so 60 70 s0

2 0 (degree)

Fig. 7: X-ray diffraction patterns of the ligand and its complexes.
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Table 7: Geometric parameters data of the prepared ligand and Ag(l) and U(VI) complexes.
Geometric parameters data

Compound ,eAngI d FWHM D N
20) A)  (adian) (m) (nm?)
L 53.5 378 9.5x103 38'6 8.2x104
[AQL(H0}IN 380 953x10 11.6 1.10x10
03.2H:0 5 36 6 4
UO:LZ](CIOy), 280 313 208¥10 706 142
0 2 9

3.10. Scanning electron microscopy (SEM)

Sm(111) and UO2?* complexes were examined using SEM at various magnifications (Figure 8). The Sm(l11) complex particles
indicated layers form while the UO22* complex particles were found to have a surface morphology that is similar to needle-
shaped objects with rough surfaces.

Table 8: Some selected bond lengths (A) and bond angles (degrees) of the optimized geometry of ligand and its Ag(l)
complex by using DFT/B3LYP levels of theory.

Ag _
BondAIength comple Bondoangle Ligan Bond angle (°) Ag complex
(A) " ©) d
1227
C21-N20 1.3740 N1-C21-C23 . N20-C21-C22 126.958
Ag30-N20 2.2670 Rt o4 C21-C22-027 122.18
N1C21C230 N20-Ag30-
Ag30-027 3.1980 " -0.841 oo 64.12
Ag30-031 23730 N20-£930- 122311
Ag30-033 2.3540 033 £930- 122.83
N20C21C220 503

A

300 25kv

U(VI) complex

Fig. 8: SEM of Sm(lI1) and U(VI) complexes at low (a) and (b) high magnification.
3.11. Geometry optimization
During the absence of a single crystal X-ray data, the parameters of geometry of both the Schiff base and the Ag(l) complex
was optimized using DFT to interpret its structural geometries. Figure 9 showed the optimum geometries and atoms with a
number scheme of L and its Ag(l) complex. The bond lengths plus angles of bonds are shown in Table 8.
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As binding occurs through N of the azomethine group, the length of the azomethine C21-N1 bond (1.2850A) in the ligand
grows somewhat longer in Ag(l) complex [62]. The average angles of bonds N20Ag30033 and 0O33Ag30031 within the
Ag(l) complex were discovered to be within the 126.9° range around the atoms of metal, which differ significantly from those

predicted for the square planar, suggesting a deformed tetrahedral structure [63].
HOMO LUMO

. d
9 I
L 2 -
Ligand &/z ‘0.‘
igan ’ s
Qe
© 7 R ) 44
o .
o @ ?
L

Ag(1)complex . 5 @ .

. S, . <.

«\,/‘ # o 'ﬁa ':“‘
° }0 o ’
Fig. 9: The optimized structure and frontier molecular orbitals of the ligand and Ag(l) complex.

3.12. Frontier molecular orbital analysis
The HOMO-LUMO gap was calculated using density functional theory (DFT). The lower HOMO energy value indicated that
the molecule's ability to donate electrons was limited. Conversely, a higher HOMO energy suggested that the molecular
structure is an effective electron donor. The ability of a molecule to receive electrons is represented by LUMO energy. The
HOMO-LUMO energy gap governs a molecule's stability and reactivity. Figure 9 gives the HOMO and LUMO orbital graphs
corresponding to the L and Ag(l) complex evaluated in the gas phase. The shift in the centers in HOMO and LUMO inside the
Ag(l) complex showed an electron density transfer within the complex. LUMO of the ligand was distributed throughout the
ligand except for the amino group, whereas HOMO electron density was not found on furan oxygen. In the case of the silver
complex, the HOMO was located on the whole compound while the LUMO location on the naphthalene ring has been
decreased. The energy gap between HOMO and LUMO in the ligand was less than that of the Ag(l) complex [64]. The
estimated parameters of quantum chemicals were shown in Table 9 as IP (the ionization potential), EA (electron affinity), x
(absolute electronegativities), ¢ (absolute softness), n(absolute hardness), S (global softness), u (chemical potentials), ®
(global electrophilicity) and ANmax (the additional electronic charge) [65].
3.13. Molecular docking studies
The MOA2019 programme was used to run molecular docking simulations in order to identify the binding of L and silver
complex with the most active region of the gram-positive bacterium (S. aureus) receptor. According to the current work, the
L, AgL, UOzL. and SmLs with the protein receptor (PDB ID: 1jij) have binding free energies of -1.1, -140.4, -24.0 and -4.9
kcal/mol with the protein receptor (PDB ID: 1jij), respectively (Table 10 and Figurel0). Stronger interactions result from
more negative binding energies. Therefore, the interactions follow the pattern AgL>UO2L, >SmLs > L.

Table 9: The calculated quantum chemical parameters for L and its Ag(l) complex.

Eromo Eromo AE IP EA

x n c M S
Compound V) @) @) V) @) @) @) @ V) @ ev) AN
L -4.591 -1.79 2.80 459 1.79 3.19 1.40 0.71 -3.19 0.35 3.63 2.27
[AgL(H20)2]NOs.2H20 -4.207 -1.33 2.87 4.20 1.33 2.77 1.43 0.69 2.77 0.34 2.67 1.92

3.14. Catalytic activity of Sm(111) complex
3.14.1. The influence of time and temperature

Organic dyes are widely employed in a wide range of industries. This has caused a significant environmental issue
with water pollution. In recent years, improved oxidation techniques, particularly in order to treat dye wastewater (e.g., H202,
OH?e radical), have received more attention to properly attack and degrade those organic contaminants [66]. The adsorption of
methyl orange dye on the catalyst surface Sm(l1l) complex was performed in the presence of H202. It has been discovered
that unless the catalyst and the oxidant are both present in the dye solution, no decolorization occurs. The percentage of
methyl orange aqueous solution degradation over time at 40, 50, and 60°C was shown in Figure 11. It was obvious that the
Sm(IIl) complex catalyzes dye decolorization with a significant shift in the color of the reaction mixture. Furthermore, as
shown in Table 11, the absorption peak of the unreacted dye (A°/A) decreased with time at each temperature.
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Fig. 10: 2D and 3D plots of the interaction between L, AgL, UO2L2 and SmL3 with the active site of the receptor of
Staphylococcus aureus (PDB ID: 1jij). Hydrophobic interactions with amino acid residues are shown with dotted curves.
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Table 10: The Docking interaction data of L, AgL, UOzL2and SmLswith the active sites of the receptor S. aureus.

Receptor Interaction| Distance(A) | E (kcal/mol)
L
N 18 O ASP 40 H-donor 3.33 -1.1
AgL -140.4
C 24 OE1 GLU 93 | H-donor 3.52 -1.3
C 24 OEl1 GLU 93 | H-donor 3.52 -1.3
o 3 OE2 GLU 94 | H-donor 2.63 -21.2
o 3 OE2 GLU 94 | H-donor 2.63 -21.2
0o 34 OD1 ASP 97 | H-donor 2.74 -23.0
0o 34 OD2 ASP 97 | H-donor 2.77 0.8
0o 34 OD1 ASP 97 | H-donor 2.74 -23.0
o 34 OD2 ASP 97 | H-donor 2.77 -0.8
0o 34 NzZ LYS 98 |H-acceptor 3.08 -0.5
O 34 NZ LYS 98 |H-acceptor 3.08 -0.5
N 1 OD1 ASP 97 lonic 3.69 -1.2
N 1 OD1 ASP 97 lonic 3.69 -1.2
o 3 OE2 GLU 94 lonic 2.63 -7.5
o 3 OE2 GLU 94 lonic 2.63 -7.5
0o 34 OE2 GLU 94 lonic 3.30 -2.8
o 34 OD1 ASP 97 lonic 2.74 -6.5
o 34 OD2 ASP 97 lonic 2.77 -6.2
O 34 OE2 GLU 94 lonic 3.30 -2.8
O 34 OD1 ASP 97 lonic 2.74 -6.5
0O 34 OD2 ASP 97 lonic 2.77 -6.2
UO:L2 -24.0
O 60 NZ LYS 84 |H-acceptor| 2.91 (2.24) -10.3
O 61 CE1 HIS 47 |H-acceptor| 3.29 (2.36) -2.8
O 60 NZ LYS 84 lonic 291 -5.1
O 60 NH1 ARG 88 lonic 2.90 -5.2
6-ring CB ASP 195 pi-H 3.57 -0.6
SmLa -4.9
N 13 OE1 GLU 101 H-donor | 2.89(2.11) -2.0
N 41 O ASP 97 H-donor | 3.05 (2.20) -0.8
N 41 OD2 ASP 97 H-donor | 3.38(2.49) -0.8
6-ring CB GLU 101 pi-H 4.23 -0.7
6-ring CB GLU 101 pi-H 3.95 -0.6
100
80 - l
5 [;]
g W
8
a
b 40
®
-=-313
20 —--323
-=333
1] - T
V] 20 a0 60 20 100
Time({min)

Fig. 11: Effect of time on MO decolorization using a Sm(ll1) catalyst at different temperatures
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Table 11: Effect of time and temperature on M.O decolouration in presence of [SmL3](ClO4)3.H20 catalyst

Temp 333 323 313
(K
Time
(min)

% of A’IA % A’IA % of A’IA

decolouration of decolouration
decolo

5 19.033 0.80 | 10.226 0.89 6.496 0.93
10 31.152 0.68 12.079 0.87 21.167 0.78
15 44.684 0.55 22.855 0.77 27.810 0.72
20 55.836 0.44 30.610 0.69 29.343 0.70
25 56.282 0.43 | 32.669 0.67 35.620 0.64
30 61.338 0.38 | 44.406 0.55 54.233 0.45
35 65.501 0.34 | 54.495 0.45 62.481 0.37
40 68.996 0.31 | 59.780 0.40 63.503 0.36
45 72.862 0.27 | 60.398 0.39 64.379 0.35
50 80.000 0.20 | 67.879 0.32 66.715 0.33
55 83.271 0.17 | 68.428 0.32 68.029 0.32
60 - - 72.683 0.27 69.416 0.31
65 - - 81.743 0.18 - -
70 - - - - 75.839 -
80 - - - - 76.715 0.23
90 - - - - 78.832 0.21
100 - - - - 81.751 0.18

3.14.2. Kinetic study

The experimental data of methyl orange dye degradation acquired at three different temperatures, 313, 323, and 333 K
were plotted as In(A’/A) vs t, where A” and A referred to dye absorbance at the start and at time t, respectively (Figure 12).
Good linear plots were produced for all the measured reaction temperatures, indicating that the breakdown of M.O dye
proceeded a pseudo first-order response. Additionally, the easily determined slopes of the resulting graphs allowed the values
of the reaction rate constants at each reaction temperature to be easily determined. The energy of activation E* was
determined from the plot of log(k) vs 1/T (Figure 12).
The negative activation values for entropy suggested that all of the compounds tested were highly ordered in their transition
states. An examination of the kinetic variables revealed that the observed rate constant rises with increasing temperature
(Arrhenius behaviour) [67]. As a result, this study provided valuable insight into the creation of new wastewater treatment

pathways.

Fig. 12:

The energy of activation and other parameters are listed in Table 12.
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3.14.3. Mechanism
The first step is the adsorption of H20: at the surface of the catalyst, as well as metal reduction with the production of

hydroperoxyl radicals (HO2"). While HO'is a powerful oxidant, it is less efficient than HO® generated in second step (2) by
the addition of another molecule of H202. The radical species HO" attack M.O molecules to give degradation products in the
final step as follows:

Catalyst —M?* + H202 — catalyst -M** + HO2"+ H* (1)
Catalyst —-M'* + H2O2 — catalyst -M?*+ OH™ + HO" (2)
M.O + HO® — Degradation products A3)

Table 12: Reaction rate and activation parameters of M.O decolouration

T log(K)

K AH AS” AG” E*
Complex formula §K (min‘Y) (Kmol) ~ (I/mol)  (KImol)  (KJ/mol)
31 0017 -177 2076 : 84.80
[SmLs](ClO4)s. H2O 32 0.023  -1.64  20.68 - 86.85 23.36
33 0029 -153 2059 - 88.90

3.15. Pharmacological evaluation
3.15.1. In vitro antimicrobial activity

The antibacterial qualities of L and complexes were demonstrated in Figure 13. The moderate effectiveness of Ag(l) and
U(VI) complexes against bacterial stains and C. albicans was evident. The greater efficiency for complexes over pure
ligand based might be attributed to the permeation of cell notion [68,69] as well as Tweedy's chelation theory [70]. Metal ions,
due to their high polarity, can scarcely move through the membrane enclosing the cell, according to the cell permeability idea.
Furthermore, as m-electron delocalization rises across the entire ring of chelation, complex lipophilicity improves. As a result,
the complexes' penetration across the membranes of lipids will be improved, and the sites of attachment of metal in
microorganisms will be blocked [71].
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Fig. 13: Bioactivity of the ligand and its metal complexes against (a) bacteria and (b) fungi species

3.15.2. Cytotoxicity study

Many papers were evaluated demonstrating interest in using other metals get around and reducing the significant
negative impacts of platinum compounds on patients [72,73].

Trials were performed in this study to investigated the ligand and its silver(l) complex as anticancer drugs. In vitro
cytotoxicity caused by both the ligand and silver (1) complex on the breast cancer (MCF7) human cell line was evaluated and
compared to the conventional cis-platin and doxorubicin. A substance is considered a strong antitumor agent if its 1C50
activity is less than 5 g/mL. Moderate antitumor agents are substances with an 1C50 activity between 5 and 10 g/mL, whereas
weak anticancer drugs are those with an IC50 activity between 10 and 25 g/mL [74]. The researched chemicals exhibit
varying anti-cell line actions. The 1Cso values for the ligand L and Ag(l) complex against MCF7cell line are 81.5 + 4.6 g/ml
and 7.56% 0.3 g/ml, respectively [75,76]. The ligand L cannot be considered as an antitumor agent while the Ag(l) complex
could be considered as a moderate antitumor drug. Figure 14 depicts the cytotoxicity results of the ligand and Ag(l) complex.
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Fig. 14 : Cytotoxicity of ligand and Ag(l) complex against MCF-7 cell line

4. Conclusions

The nitrogen of the azomethine group and the oxygen atom of the furan ring serve as coordination sites for the ligand, L,
which acts as a neutral bidentate-type. The Ag(l) complex has been proposed to have a tetrahedral structure, whilst the
uranium (V1) and samarium (111) complexes possess six coordinated octahedral geometries. Thermal studies demonstrate that
the complexes are extremely thermally stable. Except for U(VI), all the synthesized compounds have the potential to be
photoactive. The pattern of X-ray diffraction of the ligand, Ag(l), and U(VI) complexes showed strong peaks, suggesting that
they were crystalline, whereas the Sm(Ill) complex was amorphous. Gaussian 09 software was utilized to optimize the
geometry of both ligand and silver(l) complex. From optimized structures, the DFT technique was utilized to compute bond
length, angles of bonds, HOMO-LUMO energy gap, and quantum chemical parameters. The Sm(Ill) compound was
discovered to catalyze dye degradation in the presence of H202, with a noticeable shift in the color of the product of the
reaction with time and temperature. While the ligand may not be thought of as an antitumor drug, the Ag(l) complex may be
considered a modest anticancer agent.
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