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Abstract: New azomethine Schiff base amino acid ligands derived from the condensation reaction of 3–

methoxysalicylaldehyde (MS) or 4-diethylaminosalicylaldehyde (DS) with some of α-amino acids (L-phenylalanine (Phe), 

L-histidine (His), DL-tryptophan (Trp)) and their Fe(II) complexes were prepared. Structures of the synthesized Fe(II) 

complexes were determined on the basis of elemental analysis, infrared, ultraviolet-visible spectra, thermal analysis and 

cyclic voltammetry (CV) as well as conductivity, magnetic susceptibility measurements. Moreover, the particle size 

distribution of the prepared complexes was determined by using transmittance electron microscope (TEM). The 

experimental results show that the investigated Fe(II) complexes contain hydrated water molecules (expect DSPFe 

complex) and coordinated water molecules (only in MSHFe complex), The kinetic and thermal parameters were determined 

from the thermal data using Coast and Redfern method,. The results suggest that MS or DS amino acid Schiff bases behave 

as monobasic tridentate ONO ligands and coordinate to Fe(II) in octahedral geometry according to the general formula 

[Fe(HL)2].nH2O. But in the case of MSHFe complex, MSH ligand acts as tetradentate ((NH4
+
)[Fe(HL)(H2O)SO4]

-

.2H2O).The conductivity values between 43.30-5.66 Ω
-1

 mol
-1

 cm
-2

 in DMF suggest the presence of non-electrolyte species, 

except MSHFe complex is electrolyte species (60.3 Ω
-1

 mol
-1

 cm
-2

). Moreover, the antimicrobial evaluation of the prepared 

Schiff base amino acid ligands and their Fe(II) complexes was examined against three types of bacteria such as B. subtilis 

(+ve), E. coli (-ve) and M. luteus (+ve) and three types of fungi such as A. niger, C. glabrata and S. cerevisiae. The results 

of these studies signalizing that the metal chelates exhibit a stronger antimicrobial efficiency than their corresponding 

ligands. Moreover, the interaction of the prepared Fe(II) complexes with (CT-DNA) by using spectral studies, viscosity 

measurements and agarose gel electrophoresis was investigated. Furthermore, antioxidant activities of the synthesized 

complexes were examined by using the ABTS assay and showed that the prepared complexes have a good antioxidant 

activity. 
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1 Introduction 

There are few amino acids which are principles for human 

beings such as: phenylalanine, tryptophan, and histidine. 

They are very much necessity, as they cannot be bio-

synthesized by our body. Phenylalanine: Helps in 

boosting memory power and helps to maintain a healthy 

nervous system. Tryptophan: Plays a vital role in 

maintaining our appetite. Histidine: Helps in the yielding 

and synthesis of both RBC (red blood cells) and WBC 

(white blood cells). 

Phenylalanine is important in the construction of  

 

 

structural proteins in tissue. The concentrations of 

phenylalanine govern the amounts of other electrically 

neutral amino acids in the brain. Tryptophan catabolism  

in cancer is progressively more being identified as a 

marked microenvironmental factor that curbs antitumor 

immune responses. It has been suggested that the 

fundamental amino acid tryptophan is catabolized in the 

tumor tissue by the rate-restrictive enzyme indole amine-

2, 3-dioxygenase (IDO) revealed in tumor cells or 

antigen-presenting cells [1]. Tryptophan is the only amino 

acid bound to plasma albumin [2]. Part of the tryptophan 

bound to albumin is available for uptake into the brain 
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[3]. Histidine has numerous therapeutic uses, and it is 

basically exploited to amplify as well as maintain the 

healthy tissues in all the body parts. In addition, this 

amino acid is also used to verify that the messages 

transported from the brain to different parts of our body 

reach properly.  

The azomethine linkage in Schiff bases is chief of the 

biological activities such as antitumor, antimicrobial, and 

herbicidal activities [4]. Some drugs show increased 

activity when supervised as metal chelates and cramp the 

growing of tumers [5]. Metal Schiff base complexes have 

been well published for their easy synthesis, stability, and 

wide application [6-8]. Schiff bases are generally bi-or tri-

dentate ligands appropriate for forming very stable 

complexes with transition metals. Studying the interaction 

between transition metal complexes and DNA has 

engaged many interests due to their importance in cancer 

therapy, design of new classes of pharmaceutical 

molecules and molecular biology [9-13]. Metal 

complexes of Schiff base phenolates with favorable cell 

membrane permeability have been capitalized on cancer 

multidrug resistance and used as antimalarial agents [14]. 

 

2 Materials and method 

All chemicals used in the preparation of these complexes 

such as 3-methoxysalicylaldehyde (C8H8O3) (MS), 4-

diethylaminosalicylaldehyde (C11H15O2N) (DS), amino 

acids [L-Phenylalanine (Phe), DL-Tryptophan (Trp), L-

Histidine (His)], the metal salt [ferrous ammonium sulfate 

salt (Fe(SO4)2(NH4).6H2O)], Calf thymus DNA (CT–

DNA), ethidium bromide (3, 8-diamino-5-ethyl-6-

phenylphenanthridinium bromide (EB)), Tris 

[hydroxymethyl] amino methane (2-amino-2-

hydroxymethyl-propane-1, 3-diol) (Tris), NaCl, EDTA, 

TBE buffer, bromophenol blue, ammonium 

peroxodisulfate solution, ABTS solution, phosphate 

buffer (pH = 7.4), NiL4 and Trolox solution were 

obtained from Sigma-Aldrich. Ethanol and dimethyl 

formamide (DMF) products of spectroscopic grade were 

used. 
1
HNMR and 

13
CNMR spectral measurements were 

reported on a BRUKER, using DMSO as an internal 

reference. Melting points for the isolated ligands and 

decomposition temperatures for their complexes were 

screened on a melting point apparatus, Cimarec 3 

Thermolque. The carbon, hydrogen and nitrogen contents 

were monitored on a Perkin Elmer (2400) CHNS 

analyzer. IR spectra (4000–400 cm-1) were enrollment on 

Shimadzu FT-IR model 8101 spectrometer using KBr 

pellets. The UV-Vis spectra were recorded on a PG 

spectrophotometer model T+80 at 298 K. The TG/DT 

analyses were recorded on a Shimdzu corporation 60 H at 

10 degrees min
-1

. Molar conductance was measured on an 

Elico CM-180 conductometer at 298 K using DMF as a 

solvent. Magnetic susceptibility mensuration of the metal 

complexes were determined by using Gouy balance at 

room temperature and Hg[Co(SCN)4] as a calibrant. A 

HANNA 211 pH meter at 298 K which used for pH 

measurements calibrated against standard buffers (pH 

4.02 and 9.18) before measurements. TEM measurements 

were performed on TEM 2100 instrument, the calculated 

histograms were performed using image J for TEM 

program (Broken symmetry software). The cyclic 

voltammetry experiments of the complexes were 

investigated using an AutolabPGSTAT128N 

Potentiostat/Galvanostat (Metrohm Autolab B.V., 

Utrecht, The Netherlands) electrochemical analyzer 

operated via NOVA software (Metrohm Autolab B.V., 

Utrecht, The Netherlands).  

A predictable three-electrode electrolytic cell was 

employed, in which glassy carbon electrode; GCE was 

employed as a working electrode. A platinum electrode 

and a silver-silver chloride electrode (Ag/AgCl 3.5 M) 

were used as the counter and reference electrodes; 

reciprocally antimicrobial evaluation was executed using 

agar well diffusion. Interaction of the prepared 

compounds with DNA by using i) absorption spectra were 

determined by using a UV-Vis spectrophotometer model 

JASCO V-580 with 1cm quartz cells associated with an 

ultrathermostate (CRIOTERM model 190) water 

circulator. Electronic absorption spectrum of the complex 

was reported before and after addition of CT-DNA in the 

existence of Tris-HCl buffer (pH 7.2), ii) viscosity 

measurements were performed by using Ostwald 

viscometer immersed in a thermostatic water-bath 

maintained at 25 oC and iii) agarose gel electrophoresis 

was visualized under UV a transilluminator and picked up 

with a Panasonic DMC-LZ5 Lumix Digital Camera. 

2.1 Schiff bases formation method 

Schiff base amino acid ligands were prepared (5 mmol, 

0.760 g, 0.995 g respectively) of the MS or DS was 

dissolved in 40 ml ethanol and then added to the solution 

of the amino acid (5 mmol, 0.825 g, 1.045 g, 1.020 g) (L-

Phenylalanine (Phe), DL-Tryptophan (Trp) and L-

Histidine (His), respectively) in aqueous-ethanol mixture. 

The mixture then refluxed for 2 hr; the solvent was 

removed on suction at room temperature. After a day, 

yellow powders in case of MS were obtained while brown 

powders in case of DS were obtained [15].  

2.2Complexes formation method 

Aqueous solutions of the amino acids were prepared by 

dissolving (5 mmol, 0.825 g, 1.045 g, 1.02 g respectively) 

of each (Phe, Trp, His) in 40 ml of aqueous-ethanol 

mixture. Each of the solutions was mixed with MS (5 

mmol, 0.76 g) or DS (5 mmol, 0.995 g) dissolved in 

aqueous-ethanol mixture (50 ml). Then the mixture was 

stirred at 70 oC for 1 hr. The obtained ligands solution 

was treated with an aqueous-ethanol mixture solution (40 

ml) of the salt of Fe(II) (Fe(NH4)2(SO4)2.6H2O) (2.5 

mmol, 0.98 g)(5 mmol, 1.96 g in the case of MSHFe 

complex). In order to void oxidation of Fe (II), we added 

a few drops of glacial acetic acid. Then the mixture was 

stirred at room temperature for 3 hr. The obtained 



 Sohag J. Sci.. 6, 2, 9- 25 (2021)                                 http://www.naturalspublishing.com/Journals.asp                                                     11 
 

 

 

© 2021 NSP 

 Natural Sciences Publishing Cor. 
 

 

products were evaporated overnight. The obtained solid 

products were filtered, washed with water and dried in ver 

anhydrous CaCl2 [16]. 

2.3 Kinetic data for TGA of the prepared 

complexes 

The activation parameters of thermodynamic of 

decomposition processes of complexes namely activation 

energy, enthalpy, entropy and Gibbs free energy change 

of the disintegration (E*, H*, S*, G* respectively) were 

evaluated graphically by employing the Coats-Redfern 

relation [17]. 
 

 

Log[
              

  
  = log[

  

     
(1−

   

  
)]– 

  

       
  (1) 

 

Where W∞, W, R and ɸ are the mass loss at the 

completion the decomposition reaction, the mass loss up 

to temperature T, the gas constant and the heating rate of 

the decomposition, respectively; Since 1-2RT/E* ~ 1, the 

plot of the left-hand side of equation (1) versus 1/T would 

give straight line. E* was then calculated from the slope 

and from the intercept we obtained the Arrhenius constant 

(A).  

The other kinetic parameters: S*, H* and G* were 

calculated using the following equation:     

  (2)   S* = 2.303 R log Ah/(KB T) 

  (3)   H* = E* - RT 

  (4)   G* = H* - TS* 
 

Where, (KB) and (h) are the Boltzmann's and Planck's 

constant, respectively. 
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Scheme (1): The proposed structures of MSHFe complex 

2.4. Antimicrobial bioassay 

The newly synthesized Schiff base amino acid ligands and 

their complexes were screened against two Gram-positive 

(B. subtilis and M. luteus) and one Gram-negative (E. 

coli) by well diffusion method [18] using agar nutrient. 

The antifungal activities were tested against three types of 

fungi: A. niger, C. glabrata and S. cerevisiae by well 

diffusion method. Ciprofloxacin and Amphotricine B are 

used as control for bacteria and fungi, respectively. The 

suspension of per microorganism was added to a sterile 

agar medium, then gushed into sterile Petri plates and left 

to solidification. The test solution of the prepared 

complexes (15, 30 mg/ml) was prepared by dissolving the 

compounds in DMSO and the well was replete with the 

test solution of the prepared complexes using 

micropipette. The plates were incubated for 24 hr for 

bacteria and 72 hr for fungi at 35 °C. The extracts were 

subjected to further assay with a series on time basis (24, 

48 and 72 hr). During this period, the test solution of the 

prepared complexes was prevailed and affected the 

growth of the inoculated microorganisms. Determination 

of activity by measuring the zone diameter (mm), growth 

of repression was emulated with the control. 

2.5 Interaction with Calf Thymus DNA (CT-

DNA) 

By using absorption spectral studies, Absorption titrations 

were completed by keeping the concentration of the 

complex constant and by varying the concentration of CT-

DNA from 3 to 30 µΜ. The interaction of the complexes 

with DNA was carried out in Tris-HCl buffer (10 µM, pH 

7.2). The Tris-HCl buffer solution was prepared using de 

ionized water and was used to control the pH of the 

reaction system. The binding constant Kb for the binding 

of the complexes with DNA, have been decided from the 

spectroscopic titration data using the subsidiary equation 

[19]:  

[DNA]/ (εa - εf) = [DNA]/ (εb - εf) + 1/Kb (εb - εf)   (5) 

Where [DNA] is the concentration per nucleotide, the 

N

N

H
N

OSO3

O

Fe

H2O

O

O

HO
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apparent extinction coefficient εa was obtained by Aobs/ 

[complex]. The εf is the extinction coefficient of the 

complex in the presence of DNA and εb is the extinction 

coefficient for the ternary complexes in the fully bound 

form. The data were suited to the above equation with a 

slope equal to 1 / (εb- εf) and intercept equal to 1/ [Kb 

(εb- εf)] and Kb was acquired from the ratio of the slope 

to the intercept, obtained from a plot of [DNA] / (εa-εf)  
[DNA]. The standard Gibbs free energy for DNA binding 

was tabulated from the following relation. 

ΔG
o
b = -RTlnKb    (6) 

Where R, T and Kb are the general gas constant, the 

absolute temperature and the binding constant 

respectively 

By using viscosity measurements, viscosity examination 

were achieved in an Ostwald viscometer maintained at 25 

°C in a thermostatic water-bath, to shrink complexities 

originating from DNA flexibility. The flow times of the 

samples were determined with a digital stopwatch 

organized timer for different concentrations of the 

complex (10–250 µM), preserving the concentration of 

DNA constant (250 µM). The control sample was carried 

out on ethidum bromide (EB) by utilizing the same 

method. The buffer influx time was registered as to. Data 

accessed were given as (η/η0)
1/3

 vs 1/R (R = [DNA]/ 

[Complex]), where ŋ and η0 are the viscosity of DNA in 

presence of complexes and the viscosity of DNA alone 

respectively. Viscosity values were calculated from the 

examined flow time of DNA-containing solution 

corrected for flux time of buffer alone (to), η = t – tο / tο 

[20]. 

By using agarose gel electrophoresis, the gel is prepared 

by dissolving the agarose powder in an appropriate buffer, 

such as TBE (45 µMTris, 45 µM boric acid and 1 µM 

EDTA, pH 7.3), to be used in electrophoresis [21]. The 

agarose is distributed in the buffer before heating it to 

near-boiling point, but obviate boiling. The melted 

agarose is permitted to cool satisfactorily before flooding 

the solution into a cast as the cast may crack if the agarose 

solution is too hot. A comb is putted in the cast to 

establish wells for loading sample, and the gel should be 

completely installed before use. For a standard agarose 

gel electrophoresis, 1 % gels are common for many 

applications [22]. Once the gel has set, the comb is 

eliminated, departure wells where DNA samples can be 

stuffed. Loading buffer is mixed with the DNA sample 

and synthesized complex. The loading buffer also 

contains colored dyes such as bromophenol blue used to 

monitor the evolution of the electrophoresis. The DNA 

samples are loaded using a pipette. The buffer used in the 

gel is the same as the procession buffer in the 

electrophoresis container, which is why electrophoresis in 

the submarine mode is possible with agarose gel. Since 

DNA is not visible in natural light, the development of the 

electrophoresis is monitored using colored dyes. 

Bromophenol blue (dark blue) comigrates with the 

smaller fragments. A DNA marker is also run together for 

the appreciation of the molecular weight of the DNA 

fragments. DNA is normally visualized by staining with 

ethidium bromide, which intercalates into the dominant 

grooves of the DNA and fluoresces under UV light. The 

ethidium bromide may be supplement to the agarose 

solution before it gels. When stained with ethidium 

bromide, the gel is viewed with an ultraviolet (UV) 

transilluminator. These transilluminator apparatus may 

also accommodate image capture devices, such as a 

digital or Polaroid camera that permit an image of the gel 

to be taken or printed. 

2.6. Antioxidant activities of the prepared 

complexes by using ABTS method 

The synthesized complexes were investigated by the 

ABTS assay. The ABTS assay is based on the scavenging 

ability of antioxidants to the long-life ABTS
.+

 radical 

cation [23]. A stock solution of the ABTS.+ radical cation 

was generated chemically by mixing of ammonium 

peroxodisulfate solution (0.2 ml, 65 mmol dm
-3

) with 50 

ml of ABTS solution (1 mmol dm
-3

, work out in 0.1 mol 

dm-3 phosphate buffer pH 7.4). The mixture was left 

overnight and then 0.5 ml of ABTS.+ radical cation stock 

solution was mixed with phosphate buffer (2 ml) (pH 7.4) 

in a cuvette and the absorbance at 734 nm (AABTS) was 

measured. Subsequently, 0.5 ml of 0.5 mmol dm-3 NiL4 

was added in the cuvette, the solution was mixed quickly, 

and the absorbance at 734 nm (Acomplex) was respected 

after 60 s. The decrease in absorbance (ΔA = AABTS - 

Acomplex) after 60 s was calculated. The decrease in 

absorbance caused by the addition of Trolox as the 

standard was measured by the same procedure for each 

concentration of Trolox (50–600 µmol/L) and the 

calibration curve for the decrease in absorbance (ΔA = 

AABTS - ATrolox) of Trolox vs. Trolox concentration 

was constructed by linear regression. 

3 Results and Discussion 

3.1. Characterization of the prepared 

compounds 

3.1.1. 
1
HNMR and 

13
CNMR spectra of the 

prepared Schiff base amino acid ligands 

The 
1
HNMR spectrum (DMSO-d6, ppm) of MSP, MST 

and MSH ligands show singlet signal at 13.6, 13.6 and 

13.4 for COOH proton respectively, singlet signal at 8.4, 

8.2 and 8.9 for CH=N proton respectively, multiple 

signals at 7.4 – 6.6 for eight, nine and five aromatic 

protons respectively. Also, they show singlet signal at 4.3, 

4.3 and 4.8 for OH proton respectively, singlet signal at 

3.9, 3.7 and 3.8 for CH aliphatic proton respectively and 

singlet signal at 3.8, 3.8 and 3.7 for three OCH3 protons 

respectively. Furthermore, they show doublet signals at 

3.2, 3.0 and 3.0 for three CH2 protons appropriately and 
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the 1HNMR spectrum of MST and MSH ligands showed 

singlet signal at 10.9 and 11.0 for NH proton respectively.   

The 
1
HNMR spectrum of DSP, DST and DSH ligands 

show singlet signal at 11.0, 11.6 and 11.5 for COOH 

proton respectively, singlet signal at 8.5, 8.1 and 8.3 for 

CH=N proton respectively, multiple signals at 7.4 – 6.1, 

7.5–6.8 and 7.5– 6.0 for five, eight and eight aromatic 

protons respectively. Also, they show singlet signal at 5.0, 

4.2 and 4.3 for OH proton respectively, singlet signal at 

3.4, 3.2 and 3.5 for CH aliphatic proton respectively and 

quartet signals at 3.4, 3.5 and 3.3 for four (2 CH2-CH3) 

protons respectively. Furthermore, they show triplet 

signals at 1.1, 1.2 and 0.9-1.2 for six (2 CH3-CH2) protons 

respectively and the 1HNMR spectrum of DST and DSH 

ligands showed singlet signals at 10.7 and 9.5 for NH 

proton respectively.   
13

CNMR spectrum of MSP, MST and MSH ligands are 

displaying the signals conforming to the different non-

equivalent carbon atoms at different values of  δ as 

follows : at δ 193, 171 and 177 ppm (COOH) due to 

carboxylic acid group in the amino acid respectively, at δ 

171, 168 and170 ppm (CH=N) due to azomethine 

respectively and at δ 151-118, 165-70 and 150-115 ppm 

(12 CH – Ar), (14 CH – Ar) and (9 CH – Ar) due to 

aromatic carbon atoms respectively. Also, at δ 71, 58 and 

56 ppm (OCH3) due to carbon atom of methoxy group 

respectively, at δ 55, 52 and 62 ppm (CH) due to aliphatic 

carbon atom respectively and at δ 41, 29 and 33 ppm 

(CH2) agreeing to the carbon atom in methyl group 

respectively. 
13

CNMR spectrum signals of DSP, DST and DSH ligands 

are displaying at δ 191, 194 and 197 ppm (COOH) due to 

carboxylic acid group in the amino acid respectively, at δ 

165, 163 and 163 ppm (CH=N) due to azomethine and at 

δ 163- 99, 148   100 and 158   100 ppm (12 CH – Ar), (14 

CH – Ar) and (9 CH – Ar) due to aromatic carbon atoms 

respectively. Also, at δ 50, 53 and 52 ppm (CH) due to 

aliphatic carbon atom respectively, at δ 40, 38 and 38 

ppm (CH2-N) corresponding to carbon atom in diethyl 

group respectively and at δ 39, 36 and 35 ppm (CH2-Ar) 

corresponding to carbon atom connected with aromatic 

group respectively. Furthermore, at δ 17, 13 and 13 ppm 

(CH3) due to carbon atom in diethyl group respectively. 

3.1.2. Microanalysis, conductivity and magnetic 

moment measurements 

The microanalysis results suggest that MS or DS amino 

acid Schiff bases behave as monobasic tridentate ONO 

ligands and coordinate to the metal in octahedral 

geometry according to the general formula 

[Fe(HL)2].nH2O. But in the case of MSHFe complex, the 

MSH ligand acts as tetradentate 

((NH4
+
)[Fe(HL)(H2O)SO4]

-
.2H2O). The molar 

conductivity measurements were carried out in DMF. The 

molar conductance values in Table 1. The conductivity 

values of prepared MSPFe, MSTFe, MSHFe, DSPFe, 

DSTFe and DSHFe complexes are 30.8, 32.5, 60.3, 25.8, 

53.3 and 5.7 Ω
-1

 mol
-1

 cm
-2

 respectively, in DMF imply 

the presence of non-electrolyte species, except MSHFe 

complex is electrolyte species (60.3 Ω
-1

 mol
-1

 cm
-2

). 

Magnetic susceptibility measurements Table1 values of 

the synthesized MSPFe, MSTFe, MSHFe, DSPFe, DSTFe 

and DSHFe complexes are 5.4, 4.9, 4.6, 4.8, 5.2 and 5.5              

B. M respectively which suggests octahedral geometry of 

the complexes. 

3.1.3. Infrared spectra 

Infrared spectrum refers to the part of the electromagnetic 

spectrum between amidst the visible and microwave 

regions. Infrared spectroscopy utilizes the fact that 

molecules devour specific frequencies that are 

characteristic of their structure. IR spectroscopy is often 

accustomed detect structures because functional groups 

give rise to characteristic bands both in terms of intensity 

and position (frequency). The important infrared spectral 

bands and their assignments for the synthesized ligands 

and their complexes were taped as KBr pellets and were 

presented in Table 2. The IR data of the free ligands and 

their complexes were achieved within the IR range 4000-

400 cm
−1

. The IR spectrum of the free Schiff base amino 

acid ligands show a broad band around 3441-3389 cm
-1

, 

which is assigned to the stretching frequency of the 

aromatic hydroxyl substituent group, troubled by 

intramolecular hydrogen bonding [O―H–N] between 

phenolic hydrogen andazomethine nitrogen atoms [24, 

26]. Further, the appearance of the OH band around 3499-

3399 cm-1 in the spectra of the complexes with an 

enlargement intensity signalizes that the hydroxyl oxygen 

is coordinated to the M(II) ion without proton 

displacement [27]. Due to azomethine ν(C=N) linkage 

appeared in all the ligands and their Fe(II) complexes  

[28, 29] indicating that the condensation between ketone 

moiety of aldehyde and that of amino group of amino acid 

has taken place resulting into the formation of the desired 

ligands. Moreover, on comparison of the IR spectra of the 

Schiff base amino acid ligands with their Fe(II) 

complexes showed a major shift to lower wave numbers 

by 20 - 43 cm
−1

 in azomethine ν(C=N) suggesting the 

involvement of the azomethine nitrogen with the Fe(II) 

ion [30, 31]. These facts suggest coordination of the 

ligand with the metal atom via the azomethine nitrogen 

and phenolic oxygen. The ʋ(C - O) (phenolic) vibration of 

ligands are observed around 1235-1293 cm
-1

, which gets 

shifted to lower or higher frequency region in the 

complexes indicating coordination of phenolic oxygen 

[32]. The ligands exhibit other two intense bands at 

(1362-1443), (1572-1599) cm
-1

 corresponding to 

symmetric (S) and asymmetric (As) stretching frequencies 

of (COOH) group, respectively of the organic ligand. On 

complexation symmetric and asymmetric bands were 
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transmitted to a lower frequency [33]. Δ ʋ (COO
-
) ~ 200 

cm
-1

 indicated the unidenticity of the carboxylate group 

[34]. This reality is also supported by the appearance of 

non-ligand bands at appropriate positions in the far 

infrared region (700-739 cm
−1

 and 524-562 cm
−1
) due to υ 

(Fe-N) and υ (Fe-O) vibrations, respectively [35-38]. 

Furthermore, the peaks found at 1074 cm
-1

 are assigned to 

the bending vibration of the coordinated sulfate (OSO3
2-

) 

in MSHFe complex [39]. 

 

Table 1: Analytical and physical data of Schiff base amino acid ligands and their complexes 

Comp. 
Molecular formula 

(M. Wt) 
μeff                   

(B.M) 

ᴧm, Ohm-1 

cm2 mol-1 

M. p. and 

Decomp. 

(oC)  

Elemental Analysis found (calc.) % 

C H  N 

MSP 

 

C17H17NO4 

(299.0) 
 14.9 220 67.70 (67.73) 5.62 (5.68) 4.50 (4.58) 

MSPFe 

 

C34H36O10N2Fe 

(688) 

5.4 

 
30.8 285 59.30 (59.37) 4.60 (4.66) 4.17 (4.20) 

MST 

 

C19H18N2O4 

(338.0) 
 20.5 240 67.28 (67.31) 5.10 (5.22) 8.05 (8.18) 

MSTFe 

 

C38H38O10N4Fe 

(766) 

4.8 

 
32.5 >300 59.53 (59.62) 4.43   (4.50) 7.31   (7.39) 

MSH 
C14H15N3O4 

(289) 
 12.4 240 58.13 (58.20) 5.19 (5.24) 14.53 (14.60) 

MSHFe 
C14H24O11N4SFe 

(512) 

4.6 

 
60.3 >300 32.81 (32.89) 5.08   (5.12) 10.94 (11.02) 

DSP 
C20H24N2O3 

(340.0) 
 8.2 160 70.40 (70.52) 6.98  (7.06) 8.11    (8.23) 

DSPFe 

 

C40H46O6N4Fe 

(734) 

4.8 

 
25.8 >300 65.40 (65.48) 6.02 (6.10) 7.31  (7.52) 

DST 

 

C22H25N3O3 

(379.0) 
 6.6 200 69.58 (69.66) 6.52    (6.60) 10.97  (11.08) 

DSTFe 

 

C44H58O11N6Fe 

(902) 

5.2 

 
43.3 280 58.40 (58.51) 6.32 (6.41) 9.91 (9.97) 

DSH 
C17H22N4O3 

(330) 
 19.4 275 61.82 (61.91) 6.67   (6.72) 16.97  (17.02) 

DSHFe 
C34H44O7N8Fe 

(732) 

5.5 

 
5.7 300 55.74 (55.81) 6.88 (6.91) 15.28 (15.32) 

 

Table 2: IR spectral data of the investigated Schiff base amino acid ligands and their complexes. 

Comp. υ(OH)/H2O υSt (-C=N) υAs(COO) υS(COO) υ (Fe-N) υ (Fe-O) 

MSP 3438 (m) 1634 (s) 1589 (m) 1410 (m) - - 

MSPFe 3489 (s) 1614 (s) 1548 (w) 1387 (w) 736 (s) 562 (w) 

MST 3389 (m) 1651 (s) 1588 (w) 1362 (m) - - 

MSTFe 3399 (s) 1613 (s) 1549 (w) 1343 (w) 737 (s) 551 (w) 

MSH 3399 (m) 1636 (s) 1577 (w) 1386 (m) - - 

MSHFe 3428 (s) 1614 (s) 1549 (w) 1361 (m) 739 (m) 539 (m) 

DSP 3441 (m) 1632 (s) 1573 (s) 1405 (s) - - 

DSPFe 3489 (s) 1608 (s) 1517 (m) 1339 (m) 700 (m) 525 (w) 

DST 3414 (m) 1628 (s) 1599 (m) 1443 (m) - - 

DSTFe 3428 (s) 1585 (s) 1516 (m) 1338 (m) 704 (m) 525 (w) 

DSH 3438 (m) 1640 (s) 1572 (w) 1430 (m) - - 

DSHFe 3496 (s) 1608 (s) 1559 (w) 1415 (w) 701 (s) 524 (m) 

 

3.1.4. Electronic spectra 

Electron spectroscopy is an analytical approach to 

investigate the electronic structure and its dynamics in 

atoms and molecules. The electronic spectra of all the 

complexes in DMF showed in Figure 1.  

The electronic spectra of all the Schiff base amino acid 

ligands showed two types of transitions, the first one 

appeared at below 300 nm which can  be assigned to π-π* 

transition  due to transitions including  molecular  orbitals  

located on the phenolic and carboxylic chromophore. This 

reveals that the coordination site is oxygen of the phenolic 
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and carboxylic groups. 

The second type of transitions appeared at range 315-457 

nm assigned to n→π* transition due to azomethine groups 

and benzene ring of the ligands. These bands have also 

been moved in the spectra of the new complexes 

indicating the involvement of imine group nitrogen's in 

coordination with central metal atom.  

Moreover, there is a band shown in the region 413-331 

nm, assigned to ligand-to-metal charge transfer (LMCT) 

[40]. A broad band from 486- 523 nm, which mark that 

band could be mainly referred to d → d transition in an 

octahedral structure of the prepared complexes [16, 41]. 

 

Fig. 1: Molecular electronic spectra of [DSHFe] = 

[DSTFe] = [DSPFe] = 2x10
-4

 mol dm
-3

, [MSTFe] = 3 x 

10
-4 

mol dm-3, [MSPFe] = [MSHFe] = 1 x 10
-3

 mol dm
-3

. 

3.1.5. Determination of stoichiometry of and 

formation constant of the synthesized complexes 

The stoichiometry of the prepared complexes formed in 

solutions via the reaction of metal with the studied Schiff 

base amino acid Schiff base ligands was established by 

using continuous variation technique as shown in Figure 

2. Complexes of Fe(II) with metal ions were studied in 

solution by help of ethanol as a solvent, in order to 

establish [M: L] mole ratio in the complex follow molar 

ratio method [42]. A series of solutions were prepared 

having a fixed concentration of the metal ion and the [M: 

L] ratio was determined from the relationship among the 

absorption of the absorbed light and the mole ratio of [M: 

L]. In continuous variations method, the total number of 

moles of reactants is conserved constant for a series of 

measurements. Each value will occur when the mole ratio 

of the reactants is coterminous to the optimum ratio which 

is the stoichiometric ratio in the chemical equation. 

Maximum in the curve at Xligand = 0.62-0.73 implicates a 

1:2 (metal ion to ligand) molecular association. 

The formation constants (Kf) of the studied complexes 

constructed in solution were checked from the 

spectrophotometeric mensuration using the continuous 

variation method [43]. 

The obtained formation constants (Kf) values display the 

high stability of the prepared complexes. The values of Kf 

for the studied complexes build up in the following order: 

MSPFe>DSPFe>DSHFe>DSTFe>MSTFe>MSHFe 

complex. Moreover, the values of the stability constants 

(pK) and Gibbs free energy (ΔG
≠
) of the explored 

complexes are cited in Table 3. The negative values of 

ΔG
≠ 

mean that the reaction is spontaneous and favorable. 

Stability of MSHFe complex is less because the presence 

of water in the complex. 

 

Fig 2: Continuous variation plot for the prepared 

complexes in aqueous-ethanol mixture at [Fe2+] = [MSH] 

=[DST]= 2.1 x 10-3 mol dm-3, [Fe2+] = [DSH] = 1.4 x 

10-3 mol dm-3, [Fe2+] = [MSP] = 8.0 x 10-3 mol dm-3, 

[Fe2+] = [MST] = 1.2 x 10-2 mol dm-3, [Fe2+] = [DSP] 

= 3.3 x 10-3 mol dm-3and 298 K. 

Table 3: The formation constants (Kf), stability constants 

(pK) and Gibbs free energy (ΔG
≠
) values of the prepared 

complexes in aqueous - ethanol at 298 K. 

3.1.6. Thermogravimetric analyses (TGA) of the 

prepared complexes 

TGA of the synthesized complexes were used to: (i) get 

information about the thermal stability of these new 

complexes and (ii) decide whether the water molecules (if 

present) are inside or outside the inner coordination 

sphere of the central metal ion. In the present studies, 

heating rates were suitably controlled at 10 
o
C min

−1
 

under nitrogen atmosphere, and the weight losses were 

200 300 400 500 600 700
0.0

0.5

1.0

1.5

2.0

2.5
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3.5

A
b

s

Wavelength (nm)

 MSPFe

 MSTFe

 MSHFe

 DSPFe

 DSTFe

 DSHFe

Complex 
Type of 

complex 
Kf pK 

Δ G
≠
 

kJ mol
-1

 

MSPFe 1: 2 1.6 x10
11

 25.8 -63.9 

MSTFe 1: 2 6.9 x10
8
 20.4 -50.4 

MSHFe 1: 1 1.5 x10
7
 16.5 -40.9 

DSPFe 1: 2 1.5 x10
10

 23.4 -57.9 

DSTFe 1: 2 9.8 x10
8
 20.7 -51.3 

DSHFe 1: 2 2.6 x10
9
 23.9 -59.4 



       16                                                                             A.  Abu-Deif et al.: Structure excplication, biological… 

 

 

© 2021 Sohag University 
 

determined from the ambient temperature up to = 750 
o
C. 

Thermogram of prepared Fe(II) complexes is observed in 

three steps, (1) a small weight loss which is assigned to 

loss of lattice water, (2) maximum weight loss is 

attributable to the loss of coordinated water, but in this 

paper, MSHFe complex only contain coordinated water, 

(3) gradual weight loss can be assigned to complete 

decomposition of ligand moiety around the metal ion. 

Finally, complexes are converted into their metal ion. 

Table 4 shows the TGA of the prepared complexes. 

 

 

Table 4: Thermal analysis of the prepared complexes 

Complex Temp. oC 
Fragment loss % Weight loss % 

Molecular formula Molecular weight Found Calc. 

MSPFe 

15.7-102.4 2H2O 36 5.20 5.23 

104.1-223.8 C9H8NO2 162 23.49 23.55 

225.1-316.5 C8H8O2 136 19.67 19.72 

317.8-414.8 C17H16O4N 298 43.22 43.31 

Residue >750 Fe 56 8.10 8.14 

MSTFe 

28.3-101.4 2H2O 36 4.62 4.69 

103.4-269.5 C9H8N 130 16.89 16.92 

270.3-442.4 C11H9N2O2 201 26.21 26.24 

443.6-613.3 C10H9NO4 207 26.98 27.02 

 614.5-750.5 C8H8O2 136 17.63 17.67 

Residue >750 Fe 56 7.28 7.31 

DSPFe 

21.5-238.1 C11H15NO 177 24.08 24.11 

239.4-343.7 C9H8NO2 162 22.05 22.07 

344.9-433.3 C7H7 91 12.33 12.39 

 434.6-508.9 C13N2O3H16 248 33.69 33.74 

Residue >750 Fe 56 7.59 7.63 

DSHFe 

34.9-110.7 H2O 18 2.35 2.40 

112.4-314.9 C11H15NO 177 24.11 24.18 

316.1-420.3 C7H6N3O2 152 20.37 22.40 

 422.0-503.3 C17H21N4O3 329 44.89 44.92 

Residue >750 Fe 56 7.61 7.65 

 
14.9-144.0 NH4

++2H2O 54 10.32 10.40 

MSHFe 145.3-274.0 SO4 +H2O 114 22.11 22.16 

 275.2-385.3 C4H5N2 81 15.73 15.81 

 386.5-747.2 C10NO4H9 207 40.22 40.29 

Residue >750 Fe 56 10.82 10.91 

 
27.6-75.3 5H2O 90 9.71 9.77 

 76.6-130.3 C7H5O 105 11.58 11.64 

 131.6-220.0 C4H10N 72 7.34 7.38 

DSTFe 221.7-276.3 C4H10N 72 7.91 7.98 

 277.5-397.2 C9NH8 130 14.38 14.41 

 398.5-474.2 C9NO3H6 176 19.51 19.58 

 475.9-748.3 C11N2H9O2 201 22.23 22.28 

Residue >750 Fe 56 6.19 6.21 

3.1.6.1. Kinetic Data for TGA of the prepared 

complexes 

The data are summarized in Table 5. The value of ΔG* 

increases for the subsequently decomposition stages of a 

given complex. This is due to rising the values of TΔS* 

from one stage to another. Increasing the values of ΔG* 

of a given complex as going from one decomposition step 

to another indicates that the rate of removal of the sequent 

ligand will be lower than that of the precedent ligand. 

This may be attributed to the structural rigidity of the 

remaining complex after the eviction of one and more 

ligands, as compared with the precedent complex, which 

require more energy, TΔS*, for its regulation before 

undergoing any change. The negative values of activation 

entropies ΔS* suggest a more ordered stimulated complex 

than the reactants and/or the reactions are slow. The 

positive values of ΔH* mean that the decomposition 

procedures are endothermic [44, 45, 46, 47, 48]. 

3.1.7. Stability range of the synthesized 

complexes 

The stability range of the studied complexes was found to 

be from [pH = (5-9) forMSPFe, (3-11) for MSHFe, (4-10) 



 Sohag J. Sci.. 6, 2, 9- 25 (2021)                                 http://www.naturalspublishing.com/Journals.asp                                                     17 
 

 

 

© 2021 NSP 

 Natural Sciences Publishing Cor. 
 

 

for DSHFe, (3-9) for MSTFe, (6-9) for DSPFe and (4-8) 

for DSTFe] according to the obtained pH-absorbance 

curves (Fig. 3). This means that Fe(II) ion greatly 

stabilizes the tested Schiff base amino acid ligands in this 

range. Accordingly, these ligands can be utilized as 

masking reagents of Fe(II) ions in that range of pH [47, 

48]. 

3.1.8. Determination of the particle size 

distribution for the prepared using TEM 

Figs. ((4- 7) (a, b)) shows TEM images of the prepared 

complexes. TEM images indicate that a sphere-like 

structure for the MSHFe, DSPFe and DSTFe complexes 

which is considered as a self-assembled or agglomerated 

from nanoparticles structure The TEM image of MSPFe 

complex show that this complex has a fiber shape 

Moreover, the calculated histogram for the particle size 

shows that the prepared complexes have 30, 63, 22 and 18 

nm for MSPFe, MSHFe, DSPFe, DSTFe complexes, 

respectively. This concludes that the prepared Schiff base 

amino acid complexes could have high surface area and 

could be possessed catalytic activity [47]. 

Table 5:  Thermodynamic data of the thermal decomposition of prepared complexes 

Complex Temp. (oC) E* KJ/mol A S-1 
Thermodynamic Parameters  

ΔS* (J/mol) ΔH* (KJ/mol) ΔG* (KJ/mol) 

MSPFe 

 

58.2 

195.1 

269.3 

377.9 

0.5 0.6 

-235.5 

-245.5 

-248.2 

-251.0 

-0.5 

-1.6 

-2.2 

-3.1 

13.2 

46.3 

64.6 

91.7 

MSTFe 

 

53.1 

195.2 

344.7 

473.5 

667.0 

0.4 0.5 

-235.9 

-246.7 

-251.5 

-254.1 

-256.9 

-0.4 

-1.6 

-2.9 

-3.9 

-5.5 

12.1 

46.5 

83.8 

116.4 

165.8 

MSHFe 

60.3 

254.7 

296.4 

486.1 

0.4 0.4 

-238.6 

-250.5 

-251.8 

-255.9 

-0.5 

-2.1 

-2.5 

-4.0 

13.9 

61.7 

72.1 

120.4 

DSPFe 

201.9 

287.9 

362.1 

492.8 

0.4 0.4 

-248.8 

-251.7 

-253.7 

-256.2 

-1.7 

-2.4 

-3.0 

-4.1 

48.6 

70.1 

88.9 

122.2 

DSTFe 

 

53.9 

95.7 

187.7 

245.4 

345.2 

454.7 

612.1 

0.5 0.5 

-235.7 

-240.5 

-246.1 

-248.3 

-251.2 

-253.5 

-255.9 

-0.4 

-0.8 

-1.6 

-2.0 

-2.9 

-3.8 

-5.1 

12.3 

22.2 

44.7 

58.9 

82.8 

111.5 

151.6 

DSHFe 

85.7 

175.5 

268.3 

361.4 

473.7 

0.5 0.6 

 -239.3 

-245.2 

-248.8 

-251.2 

-153.5 

-0.7 

-1.5 

-2.2 

-3.0 

-3.9 

19.8 

41.6 

64.5 

87.8 

116.1 

 

Fig. 3: pH profile of the prepared Schiff base amino acid 

Fe(II) complexes at [complex] = 1.0 x 10
-3 

mol dm
-3 

(except [MSTFe] = 7.8 x 10
-4

 and [DSPFe] = 4.2 x 10
-4 

mol dm
-3

) and 298 K. 

3.1.9. Cyclic voltammetry of the prepared 

complexes 

Fig. 8 explains the cyclic voltammograms of investigated 

complexes in 0.4 MPBS (pH 6.45) at scan rate 50 mVs
-1

. 

The results of cyclic voltammetry are collected in Table 7. 

The six complexes demonstrate an oxidative wave 

positive to reference electrode (Ag/AgCl) in the potential 
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range 0.0 to 1.6 V. The oxidation wave is assigned to the 

process of Fe(II) to Fe(III) i.e., the oxidation is primarily 

metal-centered electron extraction. It is obvious that the 

oxidation process of the six complexes is irreversible in 

nature. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

3.2. Biological importance of the prepared 

complexes 

3.2.1. Antimicrobial studies 

The main target of the production and synthesis of any 

antimicrobial compound is to control the causal microbe 

without any side effects on the patients. The results show 

that all compounds exhibit antibacterial activity, 

inhibition properties of the prepared complexes is higher 

than the free ligands. This may be due to the change in 

structure due to coordination and chelating trends to make 

metal complexes act as more powerful and potent 

bactereostatic agents, thus inhibiting the growth of the 

microorganisms. Moreover, coordination decreases the 

polarity of the metal ion mainly because of the partial 

sharing of its positive charge with the donor groups 

within the chelate ring system created through the 

coordination. This would suggest that the chelation could 

facilitate the capability of a complex to cross a cell 

membrane and can be explained by Tweedy’s chelation 

theory [49]. A comparison of the biological activity of the 

prepared Schiff base amino acid ligands and their 

complexes with some known antibiotics (Ciprofloxacin 

and Amphotricine B) is presented and Figs. 9, 10. Some 

of the prepared Schiff base amino acid complexes were as 

effective as the antibiotics mentioned. Due to these 

results, we can be able to use these complexes as 

antibiotic. 
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Fig. 4a: TEM image 

of MSPFe complex. 

Fig. 4b: Calculated 

histogram for the particles 

size distribution of MSPFe 

complex. 

Fig. 5a: TEM image 

of MSHFe complex 
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Fig. 5b: Calculated 

histogram for the 

particles size distribution 

of MSHFe complex. 

Fig. 6a: TEM image 

of DSPFe complex 
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histogram for the particles 

size distribution of DSPFe 

complex. 

Fig. 7a: TEM image 

of DSTFe complex 
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complex. 
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Fig. 8: CV spectra of 25 µM complexes at scan rate 50 

mVs
-1

 

 

Fig. 9: Antifungal evaluation of the investigated Schiff 

base amino acid ligands and their complexes against A. 

niger fungi. 

 

Fig. 10: Antibacterial evaluation of the investigated 

Schiff base amino acid ligands and their complexes 

against E. coli bacteria. 

3.3. DNA binding analysis 

Titration by using electronic absorption spectroscopy is 

an efficient method to explore the binding mode of DNA 

with a metal complex [50]. If the binding mode is 

intercalation, the orbital of implanted ligand can couple 

with the orbital of the base pairs, lowering the π-π* 

transition energy and consequential in bathochromism. If 

the coupling orbital is partially filled by electrons, it 

results in shrinking the transition probabilities and leading 

to hypochromism [51]. Moreover, addition of increasing 

amounts of CT-DNA leads to a decrease of absorbance 

for each investigated complex. In the absence and 

presence of different concentration of buffered CT-DNA, 

the electronic absorption spectra of the synthesized 

complexes are assumed in Table 6 and Fig. 11. From a 

comparison between the value of binding constant (Kb) of 

ethidium bromide, the known DNA intercalator (EB, Kb 

= 1.4 x 10
6
 mol

-1
dm

-3
) and the values of the binding 

constants (Kb) of the prepared Schiff base amino acid 

complexes, it is found that all the prepared Schiff base 

amino acid complexes have high values of binding 

constants (Kb) near to the control (EB). These results 

promise that these complexes can be used in cancer 

therapy. 

Viscosity measurements were carried out to provide 

information about binding model between complexes and 

DNA. The relative specific viscosity of DNA increased, 

by increasing concentrations of complexes, but the 

increasing that observed for the typical intercalator 

ethidum bromide (EB) is higher than that revealed for the 

prepared complexes, indicating that intercalative as 

shown in Fig. 12. The intercalation model results in 

lengthening of the DNA helix as base pairs to rise of 

DNA viscosity [52].  

DNA binding studies are essential for the rational design 

and composition of new and more efficient drugs targeted 

to DNA. The cleavage efficiency of complexes was 

compared to that of the control is due to their effective 

DNA binding ability. Control experiment using DNA 

alone does not show any notable cleavage of CT-DNA 

even on longer exposure time. The variation in DNA–

cleavage efficiency of ligands/metal ion complexes was 

due to their difference in binding ability of 

ligands/complexes to DNA. The intensity of lanes Fig. 13 

was higher in the sequence: MSTFe> MSPFe> MSHFe> 

DSPFe> DSHFe> DSTFe and these are in a good 

agreement with binding constant values and viscosity 

measurements of the synthesized complexes with CT-

DNA [53]. It was concluded that as the complexes was 

observed to split the DNA, therefore reduces the growth 

of the pathogenic organism by cleaving the genome. 

Table 6: Spectral parameters for DNA interaction with 

the prepared complexes 

Complex 

λmax 

free 

(nm) 

λmax 

bound 

(nm) 

Δn 

(nm) 

Chromism 

(%)a 

105 Kb 

mol-

1dm3 

ΔG≠ 

KJ 

mol-1 

MSPFe 
245 

500 

243 

554 

2 

54 

15.9 

48.0 
4.5 -32.4 

MSTFe 
253 

518 

251 

522 

2 

4 

35.0 

91.9 
5.4 -32.9 

MSHFe 
249 

521 

247 

519 

2 

2 

21.2 

88.6 
3.6 -31.9 

DSPFe 
244 

511 

245 

529 

1 

18 

20.5 

82.5 
3.4 -31.8 

DSTFe 
251 

514 

236 

532 

15 

18 

15.6 

50.0 
0.4 -26.1 

DSHFe 
247 

495 

241 

530 

6 

65 

17.5 

96.2 
2.5 -31.0 
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Fig. 11: Spectral scans of the interaction of MSHFe 

complex (10
-3 

mol dm
-3

) in 0.01 mol dm
-3

 Tris buffer (pH 

7.2, 298 K) with CT – DNA (3-30 μM intervals). Plot of 

[DNA] / (εa - εf) versus [DNA] for the titration of DNA 

with MSHFe complex. 

3.4. Antioxidant activities of the synthesized 

complexes 

Antioxidant activities of the prepared complexes were 

determined based on the Trolox calibration curve and 

expressed in µmol/L of Trolox equivalents (µmol TE/L). 

The radical activity were found 111.64, 55.85, 227.27, 

87.72, 41.86 and 56.00 µmol TE/L for complexes of 

MSTFe, MSPFe, MSHFe, DSTFe, DSPFe and DSHFe 

respectively. Fig. 14 illustrates the percent inhibition % of 

radical for the investigated complexes. It is obvious that 

MSHFe complex shows the strongest potent radical 

scavenging activity with percent of 72.12 % then MSTFe 

complex (35.44 %). In conclusion, the complexes exhibit 

potential antioxidant property and highest activity is 

observed to MSHFe complex.  It is very important to 

develop compounds with both strong antioxidant and 

DNA-binding properties for effective cancer therapy. 

 

Fig. 12: The effect of increasing concentration of the 

synthesized complexes on the relative viscosities of DNA 

at [DNA] = 0.5 μM, [complex] and [EB] = 25-250 μM 

and 298 K. 

 

Fig. 13: DNA binding results of the prepared Schiff base 

amino acid Fe (II) complexes based on gel 

electrophoresis. Lane 1: CT - DNA, Lane 2: CT – DNA + 

DSPFe, Lane 3: CT – DNA + MSPFe, Lane 4: CT – DNA 

+ MSHFe, Lane 5: CT – DNA + DSTFe, Lane 6: CT – 

DNA + DSHFe, Lane 7: DNA + MSTFe and Lane 8: 

MSTFe. 
 

 

 

 

 

 

 

Fig. 14:  Radical scavenging activity of the prepared 

complexes using ABTS radical. 

4 Conclusions 

In this paper, the newly synthesized Schiff base amino 

acid ligands act as tridentate ligands coordinating to metal 

ion by way of phenolic-oxygen atoms, azomethine 

nitrogen, and carboxylate oxygen atom. Octahedral 

geometries have been proposed for the prepared Fe (II) 

complexes with the help of different spectral studies like 

IR, UV-Vis, 
1
HNMR, 

13
CNMR spectra with the general 

formula [Fe(HL)2].nH2O.But in the case of MSHFe 

complex, the MSH ligand acts as tetradentate 

((NH4
+
)[Fe(HL)(H2O)SO4]

-
.2H2O). The suggested 

structures were confirmed by applying the molar ratio and 

continuous variation methods. Moreover, the obtained 

formation constants (Kf) values indicate the high stability 

of the prepared Fe (II) complexes. The particle size 

distributions of the prepared complexes were found in the 

range of nanoparticles. The Schiff bases and their metal 

complexes were found to be active against some of the 

antibacterial and antifungal species. The activity is 
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significantly increased on coordination. Furthermore, The 

DNA interaction study takes intercalative mode. These 

findings clearly indicate that transition metal-based 

complexes have many practical applications, like the 

development of nucleic acid molecular probes and new 

therapeutic reagents for diseases. The prepared complexes 

exhibit potential antioxidant property and highest activity 

is observed to MSHFe complex. 
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