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ABSTRACT

In the present study, a Schiff base (HL1) derived from the
condensation reaction of L-alanine with o-hydroxyacetophenone in 1:1
molar ratio was synthesized. The Schiff base and ethylenediamine compound
were used to form three mixed ligand chelates with iron(ll), cerium(lV) and
thorium(IV) ions. The compounds were characterized using several analytical
and spectroscopic tools [IR, electronic, NMR and mass]. The results showed
the bonding behavior between the ligands and metal ions. The antimicrobial
activities of the ligands and mixed ligand chelates were investigated against
Staphylococcus aureus, Serratia marcescens, Acinetobacter baumannii and
Candida albicans using the agar disk diffusion method. The results indicated
that the antimicrobial activity of the tested compounds exhibited a fairly good
inhibitory effect on the pathogenic microbe’s species. In contrast, the L-
alanine showed no antimicrobial activity against A.baumannii. Schiff base, L-
alanine, o-hydroxy acetophenone, [Fe(L1) (L3)(OH)] .H,O, [Ce(L1)
(L3)(SO4)(H20)].H,0 and [Th(L1)(L3)(NOs),]. 2H,0O showed bacteriostatic
activity against the highly susceptible species of pathogenic bacteria (S.
aureus and S. marcescens) with MIC reached 50 mg/ml. while
ethylenediamine suppressed bacterial growth of these species at a
concentration of 25 mg/ml.
Keywords: Schiff base, Ethylenediamine, Mixed ligand chelates,
Antimicrobial activity, MIC.
INTRODUCTION

When two ligands or more were bonded to the metal ion, a mixed
ligand complex is formed, where, each ligand has active atoms donated
electrons to metal ion. This kind of complexes led the scientists to work on
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them (Srivastava & Newman, 1972). The pharmacological activity of
coordination metal compounds depend on the nature of the ligands and metal
ions, in addition to the geometrical structures of the compounds, the
mentioned factors are much important to determine the ability of the
coordination compounds to locate the suitable target site of the their activity
and as a consequence their pharmacological activity (Selvaganapathy &
Raman, 2016; Anitha et al., 2012). As we known that certain metal ions
penetrate through bacteria cell walls, in the form of complexes to kill the
bacteria (Slavin et al., 2017; Chohan et al., 2002). The Schiff base moieties at
the poly functional donor site were widely used in the analytical, biocidal,
agrochemical, enzyme models, catalysis, food, chemical and dye sectors (Kan
et al.,, 2013; Patel et al., 2006). Schiff bases and their complexes are
adaptable compounds made by precipitating a primary amines or an amino
acids with a carbonyl group. It has been stated that Schiff base complexes
show virtuoso incentive activities exemplified by copious reactions (AL-
Garawi et al., 2012). Lakshmi and Geetha (2016) prepared four mixed ligand
complexes of Cu(ll), Ni(ll), Zn(Il) and Co(ll) ions with Schiff base formed
by the condensation of L-tryptophan and 2-hydroxyacetophenone as primary
ligand (HL1) and temn-N,N,N,N-tetramethylethylenediamine as secondary
ligand(L2). The ligands and their mixed ligand complexes were characterized
by using analytical and spectral tools. All the compounds were examined for
their biological activity against some pathogenic organisms (bacteria and
fungi). Hossian et al. (2019) synthesized and characterized two mixed ligand
complexes of Ni(ll) and Cu(ll) ions with a Schiff base resulted from the
reaction of isoniazid and p-anisaldehyde as main ligand and 2,2-Bipyridine
as co-ligand. The ligands and their mixed ligand complexes were studied
using several spectral techniques[IR, UV-Vis, NMR, mass] ( Ghosh & Pal,
2015). Moreover, Prashanthi and Kiranmai (2012) have synthesized and
examined Ni(Il) mixed ligand complexes of some Schiff bases and 1,10-
phenanthroline. The antimicrobial activity of these complexes have been
screened against different microorganisms. It was found that the activity of
tertiary complexes is more as compared to their corresponding binary
complexes.

The aim of this study, therefore was to synthesis and characterize three
mixed ligand chelates using a Schiff base derived from o-
hydroxyacetophenone and L-alanine (HL1) as primary ligand and
ethylenediamine ligand(L2) as secondary ligand. Moreover, this research was
conducted to study the antimicrobial activity of all tested compounds against
some pathogenic microbes species.
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MATERIALS AND METHODS

All the chemicals and solvents used in this work were analytical Analar
(BDH , Aldrich, Fluka and Merck), and used without purification. Chemicals
and reagents which used to prepare the Schiff base and mixed ligand chelates
were determined by ethylenediamine, o-hydroxyacetophenone, amino acid
(L-alanine), acetic acid, FeCl;.6H,O Ce(S0,),.4H,0 and Th(NOj3);.4H,0,
DMF, DMSO, NaOH, methanol, ethanol and distilled water.

Preparation of amino acid Schiff base (HL1)

The present amino acid Schiff base(scheme-1) was prepared as
follows: NaOH (0.4g, 0.01 mol) was dissolved in 25mL methanol and L-
alanine (0.90 g, 0.01 mol) was added to it. The mixture was stirred at room
temperature for 5 minutes. When the mixture becomes homogeneous, o-
hydroxyacetophenone (1.36g, 0.01lmole) was added. After 2 minutes, the
mixture was evaporated to 20% of its original volume and 1mL of acetic acid
was added immediately. After 2 hours, a yellow product was formed. The
obtained product was filtered, washed, dried and recrystallized from hot
methanol to provide an excellent yield(85%) of pure crystals(El-ajaily et
al.,2010).

O
0 Me H3C\HLOH
HC M, © OH .
NaOH I
NH2 + — G
MeOH Me 2 EO "
L-alanine o-hydroxyacetophenone Schiff base HL1

Scheme 1: Preparation of amino acid Schiff base
Preparation of mixed ligand chelates

0.01mole;(2.70, 4.04 and 5.52g) of hydrated metal salts [FeCls,
Ce(S0,),.4H,0W, Th(NO3),4.4H,0], respectively, were dissolved in 25mL of
absolute methanol solution and added to the same volume of a methanolic
solution of HL1; (0.01mole;2.07g). Slowly, few drops of sodium hydroxide
solution were added to adjust the P value at 8 until the chelates isolated.
Subsequently, the mixtures were stirred and refluxed for one hour, then the
secondary ligand ethylenediamine (0.01mole,0.60g) was added to the
mixtures dropwise. The obtained mixtures were again refluxed for extra 3-4
hours. The obtained crystals were filtered, washed several times with hot
ethanol until the filtrates become clear. The resulting pure crystals were dried
in desecrator under calcium chloride(Sari & Gurkan, 2004) .
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Test microbes

Four pathogenic microbial species, including three species of bacteria
Staphylococcus aureus , Serratia marcescens and Acinetobacter baumannii
and unicellular fungi Candida albicans.
Preparation of culture media
Mueller Hinton Agar (MHA) was prepared by suspending 38 g in 1000 ml of
distilled water. The media was sterilized by autoclaving at 15 Ibs pressure
(121°C) for 15 minutes. Cool to 45-50 "C, then pour into sterile Petri plates.
Assay of anti-microbial activity

The ligand and its complexes were tested against the bacterial species
and the fungal species using the agar disk diffusion method (Ashraf et al.,
2011; Matar et al., 2015). The dimethylformamide solvent (DMF) was used
as negative control. Ciprofloxacin, Imipenem, Colistin (antibacterial) and
Clotrimazole (antifungal) were used as positive controls for comparison with
the ligand and the synthesized metal complexes. Whatman filter paper (no. 1)
discs of 5 mm diameter were sterilized in an autoclave and then soaked in the
desired concentration (100mg/ml) of the tested compounds. Petri dishes were
poured with (MHA) medium and allowed to solidify to make a base layer.
The paper discs were placed on the top of Mueller-Hinton agar plates seeded
with tested microbial species separately and then the plates incubated at
37°C. After the incubation the plates were observed for formation of clear
inhibition zone around the disk indicated the presence of antimicrobial
activity. The diameter of inhibition zone around each disc was measured after
24 hours in the case of bacteria and 48 hours in the case of fungi. The
experiment was performed in triplicate for each microbe and tested
compounds and the mean zone of inhibition was calculated for each
compound and standard antibiotic.
Determination of minimum inhibitory concentration (MIC) of the tested
compounds

The MIC test was prepared according to the method of Mostafa et al.,
(2018), with some modifications. Minimum inhibitory concentration (MIC) is
the lowest concentration of an antimicrobial agent that will inhibit the visible
growth of a microorganism after overnight incubation. The MIC of the tested
compounds was determined using disk diffusion method and evaluate their
efficacy in controlling microbial species causing diseases. Various
concentrations of the synthesized compounds [L-alanine, o-
hydroxyacetophenone, ethylenediamine, mixed ligand chelates] (3.1, 6.25,
12.5, 25, 50, and 100 mg/ml) were prepared separately by dissolving 300mg
in 3 ml of dimethylformamide (DMF) and loaded their requisite amount over
sterilized filter paper discs (5 mm in diameter). The loaded filter paper discs
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with various concentrations of the synthesized compounds were placed on the
top of the Mueller-Hinton agar plates. The plates were incubated in the
incubator at 37 °C for 24 hours. The inhibition zones (1Z) were measured
with a ruler and recorded against the concentrations of the synthesized
compounds.
RESULTS AND DISCUSSION
Physical properties, microanalysis and molar conductivity

The amino acid Schiff base is soluble in alcohols, DMSO or DMF
solvents, but not in water, meanwhile, the synthesized mixed ligand chelates
are not soluble in alcohols, but they are partially soluble in DMF and DMSO
solvents. All the compounds are stable in air. The carbon, hydrogen, nitrogen
and sulfur elemental analysis data of the Schiff base and mixed ligand
chelates show a good agreement between the calculated and found values
indicating the formation of the compounds under investigation as presented in
(Table 1). Also, the molar conductivity values of the mixed ligand chelates
displayed the existence of non-electrolytic nature (Tamiru et al., 2019),
confirming the absence of any inorganic anions outside the coordination
sphere.
Table 1: Analytical, some related properties and molar conductivity

Elemental analyses

Compounds Calcd. Found e L2l
M. wt. | Color C% H% T N% S% Am; Q“cm mol pB.M

HL1; (C11H13NO3) 207 Daffodil | 63.77 | 6.28 6.76 —_— | -

64.20 | 5.21 6.25

[Fe((L1)(L2)(OH)].H,0 356 | Merlot | 4382 | 6.74 | 11.80 | —- 0.00033 6.11

43.87 | 6.68 | 11.98

[Ce(L1)(L2)(SO.)(H,0)[.H,0 | 477 | Tortilla | 32.70 | 524 | 881 | 6.71 0.001187 0.00

31.89 | 5.00 8.50 6.25

[Th((L1)(L2)(NOs),].2H,0 657 | White | 23.74 | 3.81 | 6.39 0.000848 0.00

Dove
24.10 3.52 6.80

Infrared spectrum of the Schiff base (HL1)

The IR spectral results of Schiff base compound HL1; (C11H13NO3) is
shown in Table 2 and its spectrum is shown in Figure 1. The strong broad
band is appeared at 3441cm™ due to -O-H vibration of the phenolic (Thakur et
al., 2007). This band vanished due to complexation with metal ion. The
spectrum shows a band at 1605cm™due to the formation of azomethine group
(C=N) (Karipcin & Kabalcilar, 2007). The same spectrum exhibits a band at
3094 cm™ assigned to vCOOH vibration (Ejidike & Ajibade, 2015).
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Figure 1: Infrared spectrum of the Schiff base HL1
IR spectra of the mixed ligand chelates

The infrared spectra of the [Fe(lll), [Ce(IV) and [Th(IV) mixed ligand
chelates are shown in Figures 2-4 and their bands assignments are listed in
Table 2. In the free Schiff base, the band at 1605 cm™ is analogous to the
azomethine v(-C=N) group, this band is changed (1620-1558 cm™) indicating
the participation of this group through nitrogen atom in chelation process
(Palanimurugan et al., 2019). The band at 3441 cm™ is due to the phenolic
group of the free Schiff base ligand which was absent in the spectrum of the
chelates, indicating coordination of phenolic oxygen after deprotonation
(Gobara, 2017). Other bands seen at 1381, 1219, 1055 and 733 cm™
corresponding to vibrations of the two bidentate nitrate groups in the
Th(IV) mixed ligand chelate (Thakur & Shaikh, 2006). In IR spectrum of
the Ce(IV) mixed ligand chelate exhibits three bands at 1303, 1134 and 1034
cm™, these bands are attributed to the spilt bands of bidentate coordinated
sulphate group (Nakamoto, 1978). The band due to carboxylic (O—H)
stretching that observed in the free Schiff base is absent in the spectra of the
mixed ligand chelates confirming the involvement of this group in
complexation through oxygen atom (Fugu et al., 2013). New bands in the
regions 733-617 and 540-439 cm™ refer to v(M-O) and v(M-N) vibrations
(Thakkar & Thakkar, 2000). The band owing to—NH, group is overlapped
with the bands of crystal water molecules present in the mixed ligand
chelates(Derebe et al., 2002). Also, the band of Ce(IV) mixed ligand chelate
at 825cm™ vibration agrees with frequency reported for coordinated water
molecule (Alassbaly et al., 2016).
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Figure 2: Infrared spectrum of [Fe(L1)(L2)(OH)].H,O mixed ligand chelate.
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Figure 3: Infrared spgétrurﬁnm of sz(D:e(L‘T)(LED)D(SdT)(HB)].I—EO mixed ligand
chelate.

Figure 4: Inf?oalre(:iﬁoospeéiz}a of [Tﬁle&)(N&)ﬂZHﬁ mixed Iisaand chelate.
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Table 2: Characteristic infrared absorption frequencies (cm™ of the Schiff

base and mixed ligand chelates

Compounds (UH(ZC(SI)_I‘)) v (C=N) b(()l\)/l v (M-N)
HLZ; (C1,H13NOs) 3441 1605
[Fe(L1)(L2)(OH)].H,0 3433 1612 617 439
[Ce(L1)(L2)(SO,)(H,0)]-H,0 3462 1620 617 540
[Th(L1)(L2)(NO3),].2H,0 3426 1558 733 gg

Electronic spectra and magnetic moments

The electronic spectral assignments(nm.cm™) of the Schiff base and
mixed ligand chelates are listed in Table 3 and their spectra are shown in
figures 5-7. The spectrum of the Schiff base (HL1), (figure 5) exhibits
absorption bands at 260 nm (3871lcm™) and 313 nm( 31949 cm™)
corresponding to m— m (phenyl ring) and n— 7 transition, respectively
(Al-Jeboori et al., 2014).

1

08 1
06 1
04
02

0 | |
240 00 130

Figure 5: Electronic spectrum of Schiff base (HL1)

Whereas, the Fe(lll) chelate spectrum exhibits two bands at 323nm
(30959 cm™) and 600-700nm (16667-14286 cm™) which are due to M—L
charge transfer excitationand d-d transitions (Hamil et al., 2012; EL-zweay et
al., 2013; Hosny & EI-Dossoki, 2008). Both magnetic moment value
(6.11B.M) and the intensity of the bands suggest an octahedral geometry
around Fe(lll) mixed ligand chelate (Al-Noor et al. 2017). As mentioned
above, the UV spectrum of the Schiff base ligand shows two bands at
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260(38462 cm™) and 313 nm(31949 cm™) which are attributed to n—=n and
n—n transitions. These bands were slightly red shifted to 266-318 nm
(37539-31446 cm™) in the spectrum of cerium(IV) mixed ligand chelate
which can be attributed to the binding of these coordination centers to the
central metal ion (Amani et al., 2007). A new absorption band at 419
nm(23866 cm™) which is appeared in the spectrum of Ce(IV) mixed ligand
chelate is due to charge transfer transition (Alghool et al., 2013). The
electronic spectral data of the Th(IVV) mixed ligand chelate reveal a band
approximately at 310 nm (32258cm™) that is ascribed to the n—m*
transition. This band shifts in comparison to the position band in the free
Schiff base, revealing changes in the location of lone pair electrons of the
azomethine chromosphore's after chelation with the metal ion (Klamm et al.,
2018). Due to the ligand-metal charge transfer, an absorption band at
451nm(22173 cm™) appears in the spectrum of Th(IV) mixed ligand chelate
(Liu et al., 2009). The absence of any absorption bands in the electronic
spectra of the Ce(1V) and Th(IV) above 460 nm denotes the absence of d-d
transition, indicating the d° configuration of cerium and thorium ions. Also,
the spectra of Ce(IV) and Th(IV)) mixed ligand chelates exhibit no clear
transitions in the range of 500-700 nm(20000-14286 cm™), because the f-f
bands are line or sharp. This is attributed to the shielding of the f -orbitals by
6s, 6p or 7s, 7p orbital's (Humelnicu et al., 2020).

0.6 -

0.4

0.2 1

[] I I
250 500 750

Figure 6: Electronic spectrum of [Fe(L1)(L2)(OH)].H,O mixed ligand
chelate
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Figure 7: Electronic spectrum of [Ce(L1)(L2)(SO,4)(H,0)].H,O mixed ligand
chelate
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Figure 8: Electronic spectrum of [Th(L1)(L2)(NOs),].2H,O mixed ligand
chelate

Table 3: Electronic spectral data(nm, cm™ ) of the Schiff base and mixed
ligand chelates

Compounds nm (cm™) assignment

HL1; (C11H1sNOs) 260nm(38711cm™) S T

*

313nm(31949cm® |n—n

[Fe(L1)(L2)(OH)]. H,O 323nm (30960 cm-1) | MLCT

600-700nm(16667- d-d transition
14286cm™)

[Ce(L1)(L2)(SO,)(H,0)].H,O | 266-318  nm(37539- | n— n* n— *

31446cm™
) CT

419 nm(23866 cm™*
( ) f-f transitions

500-700nm
(16667-14286cm™)

[Th(L1)(L2)(NO3),].2H,0 310nm (32258 cm-') | n— w*
451nm(22173cm-") CT

500-700 nm(16667- | f-f transitions
14286cm™)
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'HNMR spectrum of Schiff base

The *'HNMR spectra of the compounds were obtained in
dimethylsulphixide (d®° DMSO solution as a solvent at room temperature
using tetramethylsilane(TMS) as an internal reference. In the present study,
the 'THNMR spectral signals are depicted in Figure 9. The resonance of
protons has been assigned on the basis of their integration and multiplicity
pattern. The spectrum shows two signals at 4.1 and 7.73 ppm, which are due
to the existence of —OH proton in phenyl ring and -COOH in the amino acid.
Also, the signals at 1.2, 2.3, 3.2 and 2.5 ppm are due to the presence of
methyl groups and DMSO solvent, respectively (McCleverty & Meyer, 2003;
El-ajaily et al., 2016). The aromatic protons have been resonated in the region
at 6.4-7.5 ppm (Al-barki et al., 2016; Sobola & Watkins, 2013).

TINCITR AR T AT Y A N

Figure 9: lHNI\r/IR spectrum of Schiff base HL1
Mass spectra

The mass spectral fragmentation data of Schiff base HL1(Figure 10)
and [Fe(L1)(L2)(OH)] .H,O (Figure 11) mixed ligand chelate are listed in
Table 4.
Table 4: Mass spectral fragmentation of the Schiff base and mixed ligand
chelate

Compound Fragmented ion m\z* Value
HL1; (Ci1H13NO3) C11H13NO; 207
C11H1oNO, 188
CgHgNO 151
C,H,O 109
C/H; 91

July 2022 11 ISSN2791_3740
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Compound Fragmented ion m\z* Value

[Fe(L1)(L2)(OH).H,0 C13H2,N3O0sFe 356
C13H2N30,4Fe 340
C1oHooN30,Fe 294
C11HigNsFe 248
CgHgN 118
CgHgN

bl L

=====

Figure 10: Mass spectrum of the Schiff base (HL1)
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Figure 11: Mass spectrum of [Fe(L1)(L2)(OH)].H,O-mixed ligand chelate
Carbon nuclear magnetic resonance spectrum of Schiff base
The carbon nuclear magnetic resonance spectrum for the Schiff base
has been recorded in d®-DMSO as a solvent. (Figure 12) exhibits a chemical
shift at 170.82 ppm refers to imine carbon atom (C=N) group (Abdel
Rahman et al., 2015). While the other chemical shift at 173.19 ppm is
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attributed to the carboxylic carbon atom COOH group (Salama et al., 2017),
and signals at 57.62, 19.94 and 14.23 ppm assigned to carbons of methyl
groups (Lateef et al., 2016). Signals that are associated with the aromatic
carbons have been detected at a range of 113.02-133.40 ppm and signal at
169.96 ppm may be due to carbon of C-OH phenolic group (Ossowicz et al.,
2013; Pervaiz et al., 2019; Alothman et al., 2021). The signal observed at
39.50 ppm leads to d®-DMSO (Atiyah et al., 2020).

bundance
0
I

.......................
220I10.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 13 120.0110.0 100.0 20.0 80.0 70.0 0.0 50.0 400 300

3 : parts per Million : Cart: F’"

Figure 12: *CNMR spectrum of Schiff base
Assay of anti-microbial activity
The antibacterial and antifungal screening results are given in Table 5

and illustrated in (Figures 12-16). DMF is used as negative control
and Ciprofloxacin (CIP), Imipenem (IPM) and Colistin (CT) are used
as positive standard for antibacterial and Clotrimazole (CLT) for
antifungal activities. The antimicrobial activity of the tested compounds was
evaluated by agar disk diffusion method. The tested compounds exhibited a
fairly good inhibitory effect on the pathogenic microbes species with
inhibition zones of 7 to 14 mm. In contrast, the L-alanine showed no
antimicrobial activity against A. baumannii. The tested compounds showed
less antimicrobial activity when compared to the standard antibiotics used in
this study. The MIC results have been reported in Table 6 and Figures 17-18.
The inhibitory effect of Schiff base, L-alanine, o-hydroxyacetophenone,
[Fe(L1)(L3)(OH)].H20O, [Ce(L1)(L3)(SO4)(H20)]. H20 and [Th(L1)
(L3)(NO3)2]. 2H20 reached 50 mg/ml with an inhibition zones of 9 to 12
mm against S. aureus and 9 to l1lagainst S. marcescens. Whereas the
inhibitory effect of ethylenediamine was 25 mg/ml with an inhibitory zones
of 10 and 9 mm against S. aureus and S. marcescens. These results showed
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in Table 5 can be attributed to the structure of the tested compounds, which
seemed to be the principal factor influencing the antimicrobial activity. This
property is certainly correlated with the ability of a compound to diffuse
through the biological membranes, in turn reaching its site of action. The
membrane of Gram-negative bacteria contains lipopolysaccharides, therefore
the reported Schiff base and their metallic complexes could be combined with
these lipoic layers to enhance the membrane permeability of the Gram-
negative bacteria (Gaballa et al., 2007). Accordingly, the lipid membrane
surrounding the cell favors the passage of any lipid soluble materials like
lipophilicity is an important factor controlling antimicrobial activity. The
increased lipophilicities of Schiff bases and complexes permit easy
penetration into lipid membranes and seizing the growth of the organism
(Abu-Dief & Mohamed, 2015). In general, the complexes can inhibit a series
of enzymes that play important roles in different metabolic processes that
affect the development and growth of microorganisms (El-Sherif & Eldebss,
2011).

Table 5: Antimicrobial activity results of tested compounds on pathogenic
microbes species

The zone of inhibition is measured in millimeter
Concentration 100 mg/ml
No. Compounds
bacterial species fungal pecies
S.aureus | S.marcescens | A.baumannii C. albicans
1 Schiff base 11 13 12 9
2 L-alanine 12 11 R 12
3 Ethylenediamine 14 13 13 10
4 o0-hydroxyacetophenone 12 11 13 9
5 [Fe(L1)(L3)(OH)].H,0 13 12 9 10
6 [Ce(L1)(L3)(SO.)(H,0)].H.O 11 11 7 10
7 [Th(L1)(L3)(NOs),].2H,0 13 11 7 8
Ciprofloxacin | Anti- 23 R R R
Imipenem bacterial R 21 R R
8 C" [Colistin R 13 R
Clotrimazole | Antifungal R R R 26
9 C DMF R R R R
R: Resistant
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S.aureus S. marcescens . _Afbaumannii C. albicans

Figure 12: Effect of 1- Schiff base and 2- o-hydroxyacetophenone on microbes
species at 100 mg/ml concentration, compared with a positive and a negative
controls.

Figure 13: Effect of 3- Ethylenediamine on microbes species at 100 mg/ml
concentration, compared with a positive and a negative controls.

S. marcescens Asbaumannii C.albicans

Figure 14. Effect of 4- L-alanine and 5- [Ce(Ll)(L3)(SO4)HZO)].HZO on
microbes species at 100 mg/ml concentration, compared with a positive and a
negative controls.
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Figure 15: Effect of 6- [Fe(L1)(L3)(OH)].H,O and 7- [Th(L1)(L3)(NOs),].
2H,0 on microbes species at 100 mg/ml concentration, compared with a
positive and a negative controls.

Table 6: MIC of the tested compounds against S. aureus and S. marcescens.

Concentration in mg/ml
Gram (ve®) bacteria Gram (ve’) bacteria
S.No. Compounds
S. aureus S. marcescens
31 6.2 | 125 | 25 | 50 | 100 | 3.1 6.2 | 125 | 25 | 50 | 100

1 Schiff base - - - - 10 | 11 - - - - 10 | 13
2 L-alanine - - - - 10 | 12 - - - - 9 11
3 Ethylenediamine - - - 10 | 12 || 14 - - - 9 10 | 13
4 o-hydroxyacetophenone - - - - 9 12 - - - - 10 | 11
5 [Fe(L1)(L3)(OH)].H.O - - - - 1] 13 - - - - [ ]2
6 [Ce(L1)(L3)(SO4)(H-0)].H.O - - - - 9 |11 - - - - 9 11
7 [Th(L1)(L3)(NOs),].2H.O - - - - 10 || 13 - + - - 9 11

-No activity (there was no zone of inhibition)
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.* Schiff base L-alanine

O Ethylenediamine @ o-hydroxyacetophenone

O [Fe(L1)(L3)(OH)].H20 M [Ce(L1)(L3)(SO4)(H20)].H20
M [Th(L1)(L3)(NO3)2].2H20 O Ciprofloxacin
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O Clotrimazole B DMF
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S.aureus S. marcescens A. baumannii C. albicans

Concentration of 100 mg/ml

Figure 16: Effect of tested compounds and standard antibiotics on microbes
species

. Schiff base
L-alanine
O Ethylenediamine
@ o-hydroxyacetophenone
O [Fe(L1)(L3)(OH)].H20
14

12

10 - = t

o 1Y VY8 Yo °. Voo

Diameter of inhibition zone (mm)

o N B O ©

Concentration of compounds mg/ml

Figure 17: MIC of the tested compounds against S. aureus
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™ Schiff base
L-alanine
D Ethylenediamine
@ o-hydroxyacetophenone
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Figure 18: MIC of the tested compounds against S. marcescens
Conclusion

The analytical and physical techniques showed the formation of the
mixed ligand chelates in 1:1:1[M:L1L2] ratio and non-electrolytic in nature
was observed for all chelates . Also their electronic transitions were reported.
The antimicrobial activity of Schiff base, ethylenediamine and mixed ligand
chelates were screened against some pathogenic microbial species. The

chemical structures of the chelates were listed below:
— S RN —
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