
IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 8 Issue 3, March 2021  

ISSN (Online) 2348 – 7968 | Impact Factor (2020) – 6.72 

www.ijiset.com  

159 
 

Preparation, Characterization, Effect of 
Solvents on Electronic Absorption Spectra 

and Antimicrobial Activity of Some 
Arginine Complexes 

 
Fatimah A. AbdulsayidP

1
P, Hamad M. Adress HasanP

2
P, Afaf M. ShuoaibP

3
P, Younis A. Bader P

4 

P

1
PChemistry Department, Faculty of Science, Benghazi University, Alkufra-Libya. 

P

2,3
PChemistry Department, Faculty of Science, Omar Al–Mukhtar University, Albaydha- Libya. 

P

4
PBotany Department, Faculty of Science, Benghazi University, Alkufra-Libya. 

31Tfatimah.abdulsayid@uob.edu.ly31T, 31Tdrhamadmhasan85@yahoo.com31T, 31Thamad.dr@omu.edu.ly31T 

Abstract 

Some of complexes were prepared by modified and simple reactions between Arginine with 
some transition metals ions. The complexes were characterized using several physical 
techniques, in particular; molar conductance measurements, colour and melting point in 
addition to determination of metal contents and  the infrared investigation spectra were 
carried out on the synthesized complexes. The effects of several solvents on the U.V. spectra 
were considered by using spectrophotometer. The results showed that most of the absorptions 
happened in the U.V. region, and that main electronic transitions are related to n –π*, π – π*. 
Also, the results showed that there is an effect of the considered solvents on the λ max of the 
L- Arginine and their complexes. The Arginine amino acid and its new complexes were 
tested for antimicrobial activity against bacteria; Escherichia coli and Bacillus subtilise, in 
addition, Penicillium and Rizopus as fungal. The effect of the Arginine complexes on bacteria 
was obtanied only by Hg(II) and Cd(II) complexes. 

Keywords: Arginine amino acids, solvents, electronic spectra, complexes. 

Introduction 

Arginine is classified as a semi essential or conditionally essential amino acid, 
depending on the developmental stage and health status of the individual. Preterm infants are 
unable to synthesize or create Arginine internally, making the amino acid nutritionally 
essential for them. Most healthy people don't need to supplement with Arginine because their 
bodies produce enough on their own. Arginine is significant in the treatment of heart disease 
and high blood pressure because it is involved in many metabolic processes. The amino acid 
arginine enhances circulation, strengthens the immune system, and increases male 
libidoP

[1]
P.  P

[2]
P The cytotoxicity of Co(III) complexation of Arginine with certain heavy metals 

was investigated, and it was discovered that the cytotoxicity of the complexes tested increases 
as the concentration decreases, and that cell surveillance is based on both complex and cell 
specificities. P

[3]
P They concluded that: Interactions of the complexes with FM-DNA display 

hyper chromism and blue shift of their UV and florescence spectra, which indicate structural 
damage possibly due to complexes binding to DNA. P

[4]
P They studied the complexation of 
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Histidine with Pb, Cd, and Hg in DMSO and water mixtures and discovered that DMSO has 
the highest dielectric constant of the common dipolar aprotic solvents, earning it the 
nickname "super solvent.  P

[5]
PResearched the antimicrobial activities of certain metal(II) amino 

acid complexes, finding that the complexes were more effective against one or more of the 
microbes examined. 

In this study, we will studying preparation complexes between amino acids Arginine 
and some transition metals, Using spectrophotometric application including the effect of 
some solvents (water, DMF, ethanol, methanol, and DMSO) as well as their antimicrobial 
activity against pathogenic bacteria and fungi. 

 
Experimental 

 Metals:  

The complexes were made with a number of metal chlorides, including the following 
metals: Chromium(III) Chloride (CrClR3R), Mercury(II) Chloride (HgClR2R), Cadmium(II) 
Chloride (CdClR2R), Manganese(II) Chloride (MnClR2R), Ferric(III) Chloride (FeClR3R), Zinc(II) 
Chloride (ZnClR2R) and  Cobalt(II) Chloride (CoClR2 R)R . 
 
Ligands:  

Arginine (abbreviated as Arg or AR) is an α amino Acid (2 Amino 5 
guanidinopentanoic acid). Ernst Schultz, a Swiss chemist, was the first to isolate it from a 
lupine seedling extract in 1886. 

 
Figure(1): Chemical Structure of Arginine 

 
Solvents:  

Ethanol, Methanol, Di Methyl Sulphoxide  (DMSO), (Di methyl Formamide) DMF, 
Nitric acid and distilled water. 
 
Arginine Ligand preparation: 

10P

-4
P M stock solution was prepared by dissolving 0.001742 gm of in 100 ml from 

distilled water by gentle heating till complete dissolution. After cooling, the solution was 
diluted to 250 mL. Diluting the stock resulted in more diluted solutions.  

 
Synthesis of (metal - L-Arginine – complexes): 

0.8 mole of metal chloride in 100 ml distilled water was added with stirring to 0.6 
mole of L- Arginine ligand in 100 ml distilled water, the mixture was refluxed for two hours 
then the mixture left overnight, the precipitated solid complex was separated out by filtration 
then and dried by Desiccator over PR2ROR5. 
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Characterization of the synthesized complexes: 
Conductivity: 

The prepared complexes' conductivity values were calculated using (conductometer, 
type HANA). 
Melting point: 

It was measured by using machines type (Melting point Apparatus SMP3). 
 
Infrared spectra:  

The ligands' and their metal complexes' infrared spectra were recorded in potassium 
bromide discs using an I.R. (Type Perkin Elmer FT-IR) spectrophotometer with a range of 
200 to 4000 cm P

-1
P. 

 
Determination of metal complexes: 

0.02 g of the solid complex was digested in 5 ml of concentrated nitric acid before 
being evaporated almost completely. The residue was dissolved in water, and atomic 
absorption was used to evaluate all of the metal ions (Central lab of Faculty of Science Al-
Baydha, Libya). 
Effect of solvent polarity on absorption: 

The solvation and/or dielectric constants of the solvents affect the absorption values 
of different solvents. In different solvents with different polarities, the maximum absorption 
of each ligand in the UV region was discovered (water, DMF, ethanol, methanol, and 
DMSO). 
Antimicrobial test: 

 In test the Antibacterial and Antifungal, two types of bacteria were selected at 
randomly (Escherichia coli & Bacillus subtilise) and two types of fungi (Pencillium & 
Rhizopus). Patients in medicine academe were used to isolate all of the forms. The identities 
of all the types were confirmed, and a bacterial suspension was prepared and added to the 
Nutrient Agar, with the fungi added to the surrounded Agar, all before the medium solidified 
and in an aseptic area. After that, various concentrations of amino acid complexes were 
placed on the culture's surface. The bacteria were incubated at 37 °C for 24 hours, while the 
fungi were incubated at 28 °C for 72 hours. 

Results and discussion 

The prepared complexes were characterized by using the physical properties of them 
and including: the colour, melting point, conductivity and the metal concentrations the results 
are shown in the Table (1). 

Table (1): Physical properties and molar conductance's of the amino acids complexes 

0BComplexes 1BColor 
2BM.P (°C) 3BE.C(𝝻𝝻S) 4BMetal Conc. ppm 

Zn(II)AR White >375 10.97 0.017 
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Mn(II)AR Black >375 6.68 0.056 
Hg(II)AR Golden 111.3 11.7 0.013 
Cr(III)AR Gray 232.2 7.44 0.043 
Cd(II)AR White 120.8 13.30 0.034 
Fe(III)AR Carmine 241.3 9.93 0.076 
Co(II)AR Red 69.9 8.44 0.022 

 
The Colour: 

Table (1) shows that the color of the ligand has changed from the white color of the 
free ligand to several different colors depending on the form of metal, owing to the influence 
of the ligand's linkage and the different electrons in 3d orbitals. The magnetic frequency 
beam is proportional to the difference in energy between the two states energy in the atom 
during the attracting between the ligand and the metal of electrons in 3d orbital and 
portioning them for groups the high and low in energy. Some electrons hit a high energy 
level. And the atom's ability to absorb many frequencies from the beam, the color of the 
complex was determined by the number of electrons in orbital d for metal and nature ligand 
whenever the difference in energy between the two groups 3d was increased P

[6]
P. 

Electric Conductivity: 
The electrical conductivity of the studied complexes is usually low, ranging from 6.68 

to 13.30. It has been stated that the conductivity of the complexes is determined by free 
electrons that are not conjugated in the last orbitals, with conductivity decreasing as 
conjugation between the metal and the ligand occurs, meaning that these electrons are 
boundP

[6]
P. 

 
Melting point: 
The melting points of the studied complexes showed a disparity between the free ligand and 
the complexes, which was largely due to the bounded between the metals and the ligand. 
 
IR spectra studies: 

Since metal salts do not give spectra, the (I.R.) spectra technique is one of the most 
effective methods for studying the characterization of complexation between the ligand and 
the metal salts, since the complex gives I.R spectra when the metals conjugated with the 
ligands. The structure of the prepared complexes was represented using infrared spectra. The 
metal complexes' IR spectra were allocated by comparing their vibration frequencies to those 
of the free Ligand: We registered the IR spectrum of L-Arginine for comparison purposes and 
to help in the spectral assignment of the complex. Figure (2) shows the IR spectrum of free L-
Arginine, which is presented in Table (2). 

Table (2): The fundamental bands of the free Arginine. 

Functional Group Number Wave cm P

-1 

Free  Arginine 
NHR2 3251-3088 

OH(HR2RO) 2187 
C=O 1672 
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NH bending 1606 
C=N 1500 
CHR2 1473-1413 
C-O 1377 
C-N 1329-1184-1134 
=CH 976 
C-C 758 

C-O-H 650 
 
The I,R spectra of the Arginine complexes, on the other hand, were shown in Figures (3-9) 
and presented in Table (3). 

Table (3): The I.R spectra of the Arginine complexes. 

Co(II)Arg Fe(III)Arg 
 

Cd(II)Arg Cr(III)Arg Hg(II)Arg Mn(II)Arg Zn(II)Arg  

3181-2156  3370-2161  3256-3093  3070-3156  3335-3170  2147-3155  3278-3156  NHR2 
- -  - - - - OH 

1650 1624 1684 1677 1500 1628 1631 C=O 
1538 1571 1628 1640 1449 1590 1571 NH 

bending 
1468 1509 1473 1601 1404 1472 1404 C=N 
1439 1492 1405 1471 1355 1404 1350 CHR2 
1345 1162 1349 1378 1322 1355 - C-O 
1291 1046 1114 1328 1165 1171 1111 C-N 
921 995 979 1007 1103 943 1035 =CH 
759 846 846 793  1072 865 C-C 

 
1 - The free ligand bands at 3251, 3088, and 1606 cm P

-1
P are assigned to NHP

2
P NH and NH, 

respectively: the first band of the free ligand is moved to higher frequency in the case of 
Mercury, Zinc, and Iron complexes, but the bands are shifted to lower frequency in the case 
of the other complexes. The NH ligand band moves to a higher frequency in Mercury and 
Zinc complexes, then completely in Cobalt, Manganese, and Iron complexes, while staying in 
certain positions in Chromium complexes. In all complexes except the Chromium complex, 
the NH ligand band occurs in 1606 cm P

-1
P, moved to a lower frequency. These changes are due 

to the fact that the amino group is essential for the creation of these complexes P

[7]
P. 

2- The band at 2187 cm P

-1
P of the free ligand indicates the presence of O-H-O type hydrogen 

bonds between the carboxyl group, but this band completely in all of the preparation metal 
complexes. According to the results, the carboxylate group functions as a core complexation. 

3- In the case of the Chrome complex, the C=O band in the ligand occurs in 1672 cm P

-1
P and 

moves to a higher frequency, whereas in all other complexes it shifts to a lower frequency. 

4- In the case of the Chrome complex, the C=N band in the Free ligand at 1500 cm P

-1
P shifted 

to a higher frequency, while in all other complexes it shifted to a lower frequency. 
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5- The bands C-O and C-N, which appear at 1377 and 1329 cm P

-1
P in Free ligand, respectively, 

shifted to higher frequency in most complexes, whereas the CHR2R band, which appears at 1473 
cm P

-1
P in Free ligand and shifted to lower frequency in case of Chromium Cobalt, shifted to 

higher frequency in Mercury Manganese and Zinc complexes: The band located at 950 cm P

-

1 
Pin Free ligand could be assigned to dimeric structure such band is absent in Chrome mercury 

complex and appear in Cobalt, Manganese and Iron complex. The peak at 758 cm P

-1 
P may be 

due to the C-C stretching vibrations, the band 650 cm P

-1 
P in free ligand assigned for  C - O - H 

band and the data IR lower 650 cm P

-1 
Pindicating for presenting M-O and M-N bands. The 

structure of the prepared complexes is indicated by the spectral data as follows: 

 :  

Figure(2): I.R. Spectra for Arginine 

 
Figure (3): I.R Spectra of Arginine with Zn(II) 
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Figure (4): I.R Spectra for  Arginine  with Mn(II)

Figure (5): I.R. Spectra for Arginine with Hg(II) 
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Figure(6): I.R Spectra for Arginine with Cr(III) 

Figure(7): I.R Spectra for Arginine with Cd(II)  
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Figure (8): I.R Spectra for Arginine with Fe(III) 

 
Figure (9): I.R Spectra for Arginine with Co(II) 
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Effect of solvents on the electronic spectra of the amino acids: 
The chemical properties of the excited state and the detection of electronic transitions 

in a molecule was studied using the solvent effects on the electronic absorption spectra. The 
change in the place of maximum absorption, which is related to the different properties of the 
solute and the solvent, is one of the most basic methods for detecting such results P

[8]
P. Due to 

the stabilization of the excited state by the induced dipole interaction between the transition 
moment and the solvent molecule, the solvent polarity appears to shift the absorption 
maximum towards lower energy. The frequency shift of the spectra bands from the vapourP

[9]
P 

is also significant. Depending on the different forms of intermolecular interactions, state to 
solution could be related to the salvation stabilization energy of the excited and ground states. 
The Frank-Condon principleP

[10]
P explained the spectral shifts when the solute molecule is 

excited where the most stable arrangement of the solvent molecules in the ground state is not 
necessarily. When an excited solute molecule is surrounded by a solvent cage, it forms the 
most stable structure in the excited state. In polar or hydrogen bonding solvents with a 
permanent dipole moment for polar solutes, "frank Condon" phenomena induce a maximum 
blue shift with increasing solvent polarity. With increasing solvent polarity, the blue change 
of λ Rmax R occurs if the excited state – dipole moment is less than the ground state. This 
explains why the n―π* transition on hydrogen bonding has changed in relation to 
hydrocarbon solvents. In general, the functional groups with high bond moments are involved 
in H-bond formationP

[11]
P. Due to dispersion, which is predominantly determined by the solvent 

refractive index, non-polar solutes in non-polar solvents have approximately equal salvation 
energies in both the ground and excited states. A similar situation was observed for non-polar 
solutes in polar solvents, but with more H-bonding molecules as the number of solvent cage 
molecules increased, the behaviour of the polar solute in the non-polar or polar solvent was 
found to based on the dipole moment of the solute (decreased or increased during excitation). 
The reaction phase induces a blue shift in the maximum absorption in the first case and a red 
shift in the second case. H-bonding forces are predicted to accumulate in the presence of 
polar solvents, depending on a number of factors: The magnitude of the charge in the dipole 
moment during electronic transitions, the value of the solvent dipole moment, and the size of 
the solvent and solute molecules are all variables to considerP

[12]
P. Many empirical single-

solvent polarity parameters have been suggested, with varying degrees of success in 
correlating data that is dependent on the solvent P

[13]
P. Despite this, there has been little work 

put into researching the different parameters in relation to one another. P

[14]
P With the aim of 

evaluating the most efficient measure of solvent "polarity," I conducted a systematic analysis 
of the efficacy of the better known solvent polarity parameters through a wide range of 
solvent-dependent phenomena (spectroscopic, kinetic, and equilibrium). Since it turns out 
that no single parameter can efficiently cope with all of the various types of phenomena that 
occur as a function of solvent. The electronic spectra of L-Arginine in presence of deferent 
solvents are illustrated in Figures (10-14). Due to a n―π*  form electronic transition, L-
Arginine in the presence of water gave a band at 220 nm; this band appeared blue shifted at 
204 nm in the presence of Ethanol, and appeared red shifted at 233, 224, 225 nm in the 
presence of DMF, Methanol, and DMSO, respectively. 
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Table(4): The λmax of the ligands at the different solvents 

Solvent Water DMF Methanol Ethanol DMSO 
L- Arginine 

λRmaxR(nm) 220 233 224 204 225 

 
 
Antimicrobial activity (AMA): 

 Both culture plates were coated with solution complexes varying in concentration 
from 10 P

-1
P to 10P

-5
P ml, and then inverted at 37 P

o
PC for 24 hours in the case of bacteria and 25 P

o
PC 

for 48 hours in the case of fungi. The inhibition zones were measured in millimetres after 
incubation. If the diameter is less than 10 mm, there is no effect P

[15]
P. Cd(II) Arginine and 

Hg(II) Arginine of the tested products revealed significant antimicrobial effect against on 
bacteria activity as well as fungi Table (5). The antimicrobial activity of the two compounds 
examined was comparable at the Minimum inhibitory concentration (MIC). 
 

Table (5): Antimicrobial activity of the tested products (inhibition zone in mm). 

 
MICROOR
GANISMS 

Cr(II)Arg Hg(II) Arg Cd(II)Arg Mn(II)Arg Fe(II)Arg Zn(II)Arg Co(II)Arg 

Escherichi
a coli 

- 15 50 - - - - 

Bacillus 
subtilise 

- 20 50 - - - - 

Pencillium - 20 35 - - - - 
Rhizopus - 20 30 - - - - 

 

Figure (10) : Effect of 
Water on the electronic 
spectra of L- Arginine  

Figure (11):Effect of DMF 
on the electronic spectra of 

L-Arginine  

Figure (12) : Effect of 
Ethanol on the electronic 

spectra of L-Arginine  

Figure (13) : Effect of 
Methanol on the electronic 

spectra of L-Arginine  

Figure (14):Effect of 
DMSO on the electronic 

spectra of L-Arginine 
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