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Abstract: 

Silver (I) and Copper (II) complexes were prepared. The New complexes were 

characterized using elemental analysis (C .H .N) and Infrared spectroscopy (FT-IR), 

ultraviolet-visible spectroscopy (UV-Vis.), and flame atomic absorption spectroscopy 

(FAAS) to determine the percentages of metal ions in their complexes, in addition to 

molar conductivity using DMSO solvent at a concentration of (1X10
-3

M) and at 

laboratory temperature. The infrared spectroscopy results showed clear changes in the 

stretching bands of the factional groups in the complexes spectra compared to the ligand 

spectrum, which confirms the occurrence of the coordination process between the 

selected metal ions and the donor atoms in the ligand. While the results of the 

ultraviolet-visible (UV-Vis.) spectrum of the metal complex solutions in (DMSO) 

showed clear charge transfer absorption peaks of the (M→L) type, evidence of the 

occurrence of the coordination process. It was also confirmed by the results of the flame 

atomic absorption spectrum and the results of the precise analysis of the elements 

carbon, hydrogen and nitrogen, in agreement between the practical values obtained and 

the theoretically calculated values for the compounds under study. 

      In addition to scanning electron microscopy (FESEM) spectroscopy of both copper 

(II) and silver (I) Nano complexes with the new ligand to measure the Nano size of each 
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of them, the measurements showed that the complexes were within the Nano scale 

range, i.e. less than 100 nm, with the crystalline nature of each of them being diagnosed. 

The results of molar conductivity using DMSO solvent showed the presence of ionic 

character of Ag (I)complex, which is evidence that the complex was charged and have 

Electrolytic character with the presence of chloride ion outside the coordination sphere, 

and that the tridentate ligand is neutral while the copper (II) Nano complex showed 

Non-electrolytic behavior. their proposed geometrical shapes, where the octahedral 

structure was proposed for the copper(II) Nano complexes and the tetrahedral structure 

Nano silver (I) complexes. Their biological activity was studied against two specific 

types of pathogenic bacteria, one of which is Gram-positive (G +) Staph. aurous and 

the other is Gram-negative Escherichia coli (G -). The sensitivity of the bacteria was 

studied using the Well diffusion method, using three concentrations of (100, 1000, 500) 

ppm in DMSO solvent under the same conditions. The Nano complexes showed high 

positive results compared to the drug Theophylline. The complexes under study also 

showed inhibitory activity against Gram-positive bacteria that was greater than their 

activity against Gram-negative bacteria. 

Keywords:  Characterization, Antimicrobial Activity , Silver (I) Nano complexes. 

Introduction 

       Due to their superior physical, chemical and biological properties compared to bulk 

materials, nanoparticles are particularly necessary. As a result of their small size          

(1-100 nm), these Nano materials have a thicker surface-to-volume ratio, which leads to 

enhanced surface interaction [1]. Because of their unique properties, they can be used in 

various fields, including biotechnology and materials science. Three physical, chemical 

and biological methods can be used to formulate these nanoparticles [2]. Silver 

nanoparticles (AgNPs) are currently widely used in various fields, including agriculture, 

commerce, medicine, and industry. The unique properties of smaller dimensional 

AgNPs make them suitable for diverse applications. The application of nanomaterial’s 

in biomedicine is becoming more widespread, resulting in the emergence of Nano 

biotechnology, AgNPs and silver-containing compounds are widely recognized in this 

field for their ability to eliminate conventional and advanced organisms, including 

present-day microorganisms[3].  AgNPs are primarily used in non-wound biomedical 

applications, drug delivery systems, tissue scaffolds, and protective coatings. As a 
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result, the use of AgNPs has expanded in the fields of nanotechnology, biomedical 

science, and ecological sustainability[4]. 

Azo-Schiff base compounds, known for their diverse biological activities, have garnered 

attention in Anti-Bacterial activity researches due to their potential properties, several 

azo-Schiff base compounds have shown promising Anti-Bacterial activity in various 

bacteria types[5-8]. The ligands of the Azo -Schiff  include Azo groups as well as 

Azomethine, the azo group is excellent and important for coordination chemistry [9,10]. 

In the last few years huge amount of (N,N΄)-donor ligands type azo- azomethine have 

synthesized [11-13].  

Certain antibacterial   activity azo Schiff base compounds and their complexes were 

found [14-17]. This class of compounds has an azo- imine, active (π-acidic), which 

functions as a stabilizer efficient in the low valiant oxidation of metals [11,12], as a 

result of the existence of azo-centered π*-molecular orbital. So, a quantity of these 

compounds have synthesized and their ability as poly chelating ligands was examined 

[18].  

Materials and Methods 

All chemicals were obtained from Merck, BDH and Sigma - Aldrich and used without 

further purification. Melting point were determined using model 9300 of ligand and its 

complexes. 
1
HNMR spectra were recorded as solution in DMSO-d6 as solvent using 

(varian 500MHZ Spectrophotometer) and Mass Spectra were recorded on Shimadzu 

Agilent Technologies 5975C. The UV-Visible spectra were recorded on Shimadzu 

spectrophotometer double band model 1700. Magnetic susceptibility measurements 

were carried out on a balance magnetic MSB-MKI using faraday method. The 

diamagnetic corrections were made by Pascal’s constants. IR spectra were recorded on 

Shimadzu FTIR 8400 spectrometer using KBr pellet in the wavelength range 4000-400 

cm-1. C.H.N Elemental analyses were performed by means of EURO 2012EA 300 

C.H.N Elemental analysis. Field Emission Scanning Electron Microscopes (FE-

SEM) MIRA3 TESCAN, Czech  . 

Synthesis of the new Azo- Schiff base ligand (2H-4Cl-DBAPD): 

The first step included the preparation of azo dye where (0.02 mol, 2. 443 g) of ortho 

amino benzylamine was dissolved in (60 mL) of distilled water while maintaining the 

temperature of the reaction medium at a low temperature between (0-5℃). After that, 

(10 mL) of concentrated HCl acid was added with continuous shaking of the solution. 

(0.02 mol, 1.379g) of NaNO2 was dissolved in (5 mL) of distilled water while cooling 

the solution to a temperature below zero Celsius. Then, the second cooled solution was 

added to the aromatic amine solution with shaking and stirring, and the solution was left 

for (30 min) to complete the Azotization process, after which the diazonium salt 
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solution was added drop by drop with continuous stirring to the solution of the pair 

compound consisting of (0.02 mol , 3.603g) theophylline and (20 mL) of sodium 

bicarbonate solution (40% NaHCO3) with the addition of (50 mL) of ethanol at a 

temperature of (0℃) with continuous stirring and at (pH ≈8) by monitoring with PH 

paper .A bright yellow precipitate was observed to form, and the reaction flask was left 

for two hours to complete the precipitation process. Then the azo formed in the form of 

yellow crystals was filtered and washed with distilled water several times, dried, and 

recrystallized using hot ethanol. Its melting point was measured and was (132 -134) ℃ 
[19]. 

The Second step included new azo-Schiff base ligand , was prepared by adding (0.0015 

mol,0.2341g) of (2-hydroxy-4-chlorobenzaldehyde) to a round-bottomed flask with a 

capacity of (250 ml), then adding (2-3) drops of glacial acetic acid and leaving it for (5 

min) at laboratory temperature, after which a solution prepared by dissolving (0.0015 

mol, 0.5 g) of azo dye in (20 mL) of absolute ethanol alcohol was added, and the 

solution was sublimated for (16 hrs) At a temperature of (78℃), the new azo-Schiff base 

ligand (2H-4Cl-DBAPD) was obtained. The reaction was followed by TLC using 

(0.5mL Methanol: 4.5 ml benzen). The product was then cooled, dried, collected, and 

then recrystallized using hot absolute ethanol. Its physical properties are listed in Table 

(1). Scheme (1) shows the preparation steps of the new azo-Schiff base ligand (2H-4Cl-

DBAPD) [20]. 

 

 Scheme-1: Synthesis of new azo-Schiff base ligand(2H-4Cl-DBAPD) 

Synthesis of Ag(I) and Cu(II) Nano-metal complexes: 
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   Nano Copper (II) complex was prepared by adding (0.0001mol ,0.0170 g) of aqueous 

CuCl2.2H2O dissolved in (10 mL) of absolute ethanol to the ligand solution prepared by 

dissolving (0.0002mol, 0.0903g) in (10 mL) of absolute ethanol at a molar ratio of (2:1) 

(ligand: metal) with stirring and escalation for 25 hours at (78℃). The solid complex 

was observed to precipitate, then the solution was left to cool and dry, and the 

precipitate was collected and crystallized using hot ethanol, and its melting point was 

measured.[21]. 

       Nano Silver (I) complex was prepared by adding (0.0169g, 0.0001mol) of silver  

nitrate dissolved in (10mL) of absolute ethanol to the ligand solution prepared by 

dissolving (0.0001mol, 0.0451g,) in (10mL) of absolute ethanol at a molar ratio of (1:1) 

(ligand: metal). With stirring and escalation for 25 hours at a temperature of (70℃), the 

solid complex was observed to precipitate. Then the solution was left to cool and dry, 

and the precipitate was collected and crystallized using hot ethanol. Its melting point 

was measured[22]. 

The physical properties of the complexes under study are listed in Table 1.Scheme 2(a 

and b) illustrates the steps of preparing the metal complexes with the ligand (2-H-4Cl-

DBAPD). 

 

 

(a) (b) 

Scheme- 2 (a and b ) Synthesis of the Nano-metal complexes 

 

Table (1) Shows the physical properties of the new Azo Schiff base ligand and its complexes. 

Rf Yield% M.P℃ 
M.Wt 
g/Mole 

Color Chemical formula No 

0.60 95 154-156 451.87 Yellow 2H4ـClـDBAPD= C21H 18ClN7O3 1 

0.65 86 200-202 1038.19 Olive [Cu(C21H 18ClN7O3)2
]Cl

2
 2 
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0.79 93 170-172 621.74 
Brown 

 
[Ag(C

21
H 

18
ClN

7
O

 3
)NO3] 3 

 

Antimicrobial Activity Test 

1. Prepare the culture medium: 

Mueller-Hinton agar was prepared according to the instructions of the Indian company 

(Hi media) by dissolving (38) g of the agar in one liter of distilled water in a glass flask 

and mixing well. Then the mixture was heated on a heater until the agar dissolved. This 

was followed by placing the agar in the sterilizer (Autoclave) equipped by the Japanese 

company (Hirayama) at a temperature of (121) C and under a pressure of 15 

pounds/inch2 for (15) minutes. Then pour the medium into sterile Petri dishes at a rate 

of (15-20) ml per dish and leave it until solidification is complete. After that, place the 

dishes in a (Memmert) incubator equipped by the German company (Memmert) for (24) 

hours at a temperature of (37) C to ensure that there is no contamination in them [23]. 

2 -Preparation of solutions: 

Solutions of the above-mentioned complexes, copper (II) and silver (I) nanoparticles 

with the ligand in under study, were prepared at concentrations of (1000, 500, 100) ppm 

by dissolving the appropriate weight of each compound in (10) ml of DMSO for the 

complexes, in addition to making a control plate containing 99% ethanol and a medical 

drug containing theophylline to test its biological effectiveness. 

3 -Source of bacteria: Two isolates of pathogenic bacteria were used, isolated and 

laboratory diagnosed using biological and microscopic tests obtained from the Amin 

Laboratory for Advanced Biotechnology and Research / Holy Shrine of Imam Ali. 

These isolates are considered common pathogens of many diseases in humans, and they 

show high resistance to many antibiotics. It included Staphylococcus aureus, a 

representative of Gram Positive Bacteria, and Escherichia coli, a representative of Gram 

Negative Bacteria, the latter of which is highly resistant to many antibiotics. 

4- Method of inoculation and inhibition of bacterial isolates and calculation of 

inhibition zones: The drilling method (74,73) was adopted, where sterile Petri dishes 

containing the solid culture medium Mueller-Hinton agar prepared in paragraph (12-2-

2) were inoculated with the test bacteria mentioned in paragraph (12-2-3) by pouring a 

volume of (0.1) ml of the bacterial suspension (broth) onto the solid culture medium in 

different directions and then moving the dishes to ensure spreading the bacteria whose 

sensitivity is to be tested evenly in each dish. The dishes were left for (30) minutes at 

room temperature to ensure absorption of the nutrient broth liquid, and then holes were 

made using a cork drill with a diameter of 10 mm, at a rate of three holes for each dish, 

and to avoid overlapping between the inhibition areas, a distance of (2 cm) cm was left 

between one spot and another. Then, a volume of (10) microliters of metal complex 
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solutions at concentrations of (1000, 500, 100) ppm prepared in paragraph (8-2-2) was 

placed using a (Micropipette). The dishes were incubated after the holes dried in the 

incubator for (20) hours at a temperature of (37 
0
C). After that, the inhibition zones of 

bacterial growth around each hole for the compounds under study were measured using 

a millimeter ruler, which appears as a halo free of bacterial growth surrounding the spot 

of the chemical compound. Each experiment was repeated three times and the average 

measurement for those experiments was taken.[24] 

Results and discussion: 

All complexes are Freely soluble in THF, DMSO ,Methanol and Ethanol  table 2 .Also 

They are stable in air .The ligand and its metal complexes were characterized by 

elemental analysis Table (2) ,molar conductivities, magnetic susceptibility, IR,UV-Vis,( 

Mass and 
1
H,MNR spectrum for the ligand) .The analytical data of the complexes are in 

agreement with the experimental data .The value reveal that the metal to ligand ratio 

was(1:2) (M:L) for Cu (II) complex and (1:1) for Ag(I) complex and were presented in 

table.2.The magnetic susceptibility of the chelate complexes  at room temperature were 

consistent with octahedral geometry and showed higher conductivity value for Cu (II) 

complex and tetrahedral for Ag(I) complex and showed lower conductivity value,  These 

proves that complexes have different electrolytic nature [20]. 

 

Table (2) shows the Element Analysis of the new azo Schiff base ligand 

(2H-4Cl-DBAPD) and its Nano complexes. 

Found) Calc. %) M.Wt Formula 

M% N% H% C% 

---------- 
7.85 

(7.95) 

4.02 

(4.12) 

55.82 

55.94)) 
451.87 

 

L1= C21 H18Cl N7O3 

 

6.12 

(6.37) 

18.89 

(19.11) 

3.50 

(3.71) 

 

48.59 

(48.68) 

 

1038.19 

 

 

[Cu(L1)2]Cl2 

 

 

 

18.12 

(18.21) 

 

16.47 

(16.81) 

3.05 

(3.21) 

42.38 

(42.52) 
621.74 [Ag(L1 ) NO3] 

 

Mass spectrum of the new ligand 2H-4Cl-DBAPD: 

The mass spectra of the new azo Schiff base ligand(2H-4Cl-DBAPD) was recorded at 

room temperature .The obtained peaks confirm the proposed formulae for the compound 

.The mass spectrum of Ligand  show the molecular ion peak at m/z+ 451 compound 
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(C21H18ClN7O3) confirm the proposed formulae for compound . Due to the large 

molecular weight, high bombardment energy, and the large number of heterogeneous 

atoms in its chemical structure, which confirm the validity of the proposed formula for 

the compound.  Figure 1 showed the mass spectrum of ligand [20]. 

 

Fig1: Mass spectrum of the new azo Schiff base ligand . 

 

Scheme (3-1) Mass fractionation of the ligand (2H-4Cl-DBAPD) 
1
H-NMR Spectra  

The spectrum of newly synthesized ligand gave a satisfactory data and the molecular 

structure was assigned on the basic of 
1
H - NMR chemical shift by using DMSO-d

6
 as a 

solvent with TMS as an internal reference.  
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The 
1
HNMR spectra of the newly prepared ligand showed all signals in its expected 

ranges similar to those reported in the literature and using a solvent (DMSO-d6). The 

ligand (2H-4Cl-DBAPD) showed a single signal at a chemical shift of δ = 3.37 ppm 

attributed to the protons of water molecules due to the presence of moisture, and the 

ligand showed a separate single signal at a chemical shift of δ = 2.29 ppm attributed to 

the protons of the (CH2) group (104). The ligand showed a single discrete signal at 

chemical shift δ = 1.24, 1.29 ppm due to the protons of the (CH3) group. The ligand 

also showed multiple signals at chemical shift δ = (6.39, 8.1) ppm due to the protons of 

the aromatic benzene rings (105). The ligand showed a single signal at the chemical 

shift of 8.5 ppm = δ attributed to the proton of the azomethine group (N=CH) (106). The 

spectrum of the ligand also showed a single, non-sharp signal at the chemical shift of 12 

ppm = δ attributed to the proton of the (N-H) group of the imidazole ring (107). as 

shown in Fig.(2). 

 

 

Fig(2): 
1
H-NMR spectrum of the ligand (2H-4Cl-DBAPD) 

 

Infrared Spectra studies 

The IR spectra of the complexes are compared with that of the free ligand to determine 

the changes that might have taken place during the Complexation [18,25] all data are 

listed in table (3). 

Table (3) FTIR spectra frequencies for the new azo Schiff base ligand and its Nano metal 

complexes in cm
-1

 

 

 

Compound OH 

 

 

N-H 

Imid. 

 

 

C-

HAro 

 

C-

Halph 

 

N=C- 

H 

Schiff 

C=O 
C=N 

Schiff 

C=N 

Endo 

N=N 

 
C=C M-N 

L1:  

C21H18ClN7O3 

3427 3390 3043 
2885 

2833 
----- 1705 1622 1590 1440 1498 ----- 

[Cu(L1)2 ]Cl2 3471 3383 3051 
2981 

2831 
3230 1707 1624 1600 1388 

1624 

1492 

538 

495 

[Ag (L1 )NO3 ] 3475 3363 3061 
2885 

2831 
3250 1693 1624 1589 1382 

1624 

1494 

551 

511 
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Fig (3): IR-spectra of the ligand 

 

Fig (4): IR-spectra of Cu (II) complex  

 
Fig (5): IR-spectra of Ag(I) complex 

 

Magnetic susceptibility: 

The results of the magnetic susceptibility measurements are listed in the table (4) where 

the magnetic moment value of the magnetic moment of Cu(II) Complex  reach ( 1.78) 

B.M , which indicates the presence of the paramagnetic characteristic [25]. As for the 

complexes of Ag(I), it has shown Di magnetic properties due to Electron cover saturation 

(nd) in the electrons [26].   

Measurement of molar conductivity: 

From the results obtained, it is clear that the molar electrical conductivity measurements 

for solutions of Chelate complexes of ions under study with the new ligand and with 
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concentration of (1×10
-3

) molar per complex at the laboratory temperature and using 

DMSO as solvent , were listed in table (4), We find the ionic properties of Cu(II) 

complex only. These results are identical to what was stated in the literature for metallic 

complexes with ionic properties
 
[26]. 

Table (4) Molar conductivity and Magnetic susceptibility values for the Complexes 

compounds μ eff (B.M) Geometrical Hybridization ΛM(S.cm
2 
. mol

-1
) Solvent Electrolyte 

Type 

[Cu(L1)2 ]Cl2 1.76 Oh. Sp
3
d

2
 78.41 DMSO 1:2 

[Ag(L1) NO3] Dia Th. Sp
3

 6.71 DMSO 1:1 

 

Electronic spectra: 

The electronic absorption spectra are very useful in the estimation of effects equipped 

thru out her approaches of structural exploration.  

   The spectrum of the new ligand (2H-4Cl-DBAPD) in DMSO solvent showed three 

absorption peaks, two absorption peaks at (276 and 269 nm) were attributed to the (π → 

π*) electronic transition, while the third peak at (306 nm) was attributed to the (n → π*) 

electronic transition; as a result of the ligand having double bonds with atoms that have 

unshared electron pairs [27]. 

    The spectrum of the ligand (2H-4Cl-DBAPD) was compared with the UV-vis. 

spectrum of the copper (II) complex solution. An absorption peak at (474nm) was 

attributed to the internal charge transfer in the ligand (IL.CT) and a broad absorption 

peak at (734nm) was attributed to the electronic transition 
2
Eg     

2
T2g.  This is 

consistent with what was reported in the literature .[20,27] 

      As for electronic spectrum of the Ag(I) complex with new ligand, it does not 

possess type (d-d) electronic transmissions because of the fullness of the five (d) 

orbitals. As new peak appeared in the metal ion complex that was not visible in the 

ligand spectrum, this indicates the consistency of the metal ion with the new ligand due 

to the charge transfer (C.T)(41). the spectrum of the free ligand is red-shifted in 

complexes due to ligand to metal charge transfer (LMCT) transition , suggesting an 

octahedral geometry around Cu(II)complex  and tetrahedral geometry around Ag (I) 

complex as showed in Fig.(6) ,(7)and (8) and Table (5) Electronic transitions for the 

new azo Schiff base ligand and its Nano metal complexes in cm
-1

. 
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Fig (6): UV-Vis spectra of new Ligand Fig (7): UV-Vis spectra of Cu (II) complex 

 

Fig (8): UV-Vis spectra of Ag (I) complex 

 

Table (5) Electronic transitions for the new azo Schiff base ligand and its Nano metal complexes 

in cm
-1

 

 

 Compounds 

Λmax 

(nm) 

Transitions Geometry Hybridization 

L1=C21H18ClN7O3 

306 

276 

269 

 

n →π* 

π →π* 

π →π* 

 

---- 

 

---- 

[Cu(L1) 2]Cl2 

474 

 

IL. CT 

v3= 
4
T1g                  

4
T1g(p) 

Octahedral Sp
3
d

2
 

[Ag(L1) NO3]  534 ML.CT Tetrahedral Sp
3
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Proposed Structural:  

     Based on the previously mentioned analytical and spectroscopic measurements of the 

metal complexes and the diagnosis of the coordination sites available in the organic 

molecule and how these sites bind to the metal ions, we can conclude that the new azo-

azomethine ligand behaves as a neutrally charged Tri chelate ligand with the metal ions 

selected in this study, as the ligand binds via a nitrogen atom present in the imidazole 

molecule. And through the nitrogen atom of the azo group that is far from the 

heterogeneous ring and through the nitrogen atom of the azomethine group, since the 

connection of the two molecules of the trichelate ligand with the copper ion provides six 

coordination bonds with the presence of two negatively charged chloride ions outside 

the coordination sphere to balance the positive charge of the central metal ion to form 

the octahedral shape. While a single trichelate ligand molecule is bound to an Ag(I) ion 

providing three coordination bonds with a fourth bond via a negatively charged (mono-

negatively charged) chloride ion to exchange the positive charge of the central metal 

ion. To form the tetrahedral shape so the complex of Ag(I) did not contain the chloride 

ion outside the coordination sphere. 

Figures (9) and (10) show the proposed geometrical shapes of Cu(II) and Ag(I) 

complexes. 

  

Fig.(9): Proposed Structural of the 

Cu(II)complex 

Fig.(10): Proposed Structural of the 

Ag(I)complex 

 

Field Emission Scanning Electron Microscopy (FESEM) analyses of Cu(II) and 

Ag(I) Nano-complexes with the new ligand (2H-4Cl-DBAPD).  

          The surface properties of the nanoparticles of copper (II) and silver (I) complexes 

with the new azo-Schiff base ligand (2H-4Cl-DBAPD) were studied in terms of the 

crystalline shape of the particles and aggregates by scanning electron microscopy 

(SEM) technique with a cross-sectional area of 4.61 mµ and a magnification power of 

Mag = 30.00 K X and through the FESEM analysis image of the noncomplex of copper 
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(II) with the ligand. Where it became clear to us that its shape is in the form of 

homogeneous, needle-shaped, regular crystals, and its average size reached 68.9 

nanometers, while the FESEM analysis image of the silver (I) noncomplex appeared in 

the form of heterogeneous spherical crystals, and the average particle size reached 26 

nanometers. As noted from the results obtained through the FESEM images shown in 

Figure (11) below, it is clear that the two complexes were within the Nano scale 

range[28,29]. 

  

Cu (II) Nano- complex 

  

Ag (I) Nano- complex 

                               Figure (11): - FESEM images of copper and silver Nano complexes with the 

ligand (2H-4Cl -DBAPD)) 

Efficacy of copper and silver Nano complexes as antibacterial against Gram-

positive bacteria Staph. aureus: 

       The complex [Ag(2H-4Cl-DBAPD)Cl ] showed the greatest inhibitory effect at the 

highest concentration (1000 ppm) where the inhibition diameter reached (24 mm) and 

the average diameter for the concentration of (500 ppm) was (22 mm) while the lowest 

average inhibition diameter was recorded for the concentration of (100 ppm) which 

reached (18 mm). As for the complex [Cu (2H-4Cl-DBAPD)2]Cl2, its inhibition 

diameter reached (20mm) for a concentration of (1000 ppm), and the average diameter 

for a concentration of (500 ppm) was (18mm), while the lowest average inhibition 

diameter was recorded for a concentration of (100 ppm), which reached (12mm). 

 Efficacy of copper and silver Nano complexes as antibacterial agents against 

Gram-negative bacteria E.coli: 
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        The complex [Ag (2H-4Cl-DBAPD)Cl ] showed the greatest inhibitory effect at 

the highest concentration of (1000 ppm) as its inhibition diameter reached (22 mm), 

while at a concentration of (500 ppm) a difference in the rate of the complex inhibition 

diameter was observed as it was (20 mm), while the lowest rate of the inhibition 

diameter was recorded for the concentrations of (100 ppm) which reached (16 mm). As 

for the complex [Cu (2H-4Cl-DBAPD)2]Cl2, it showed the greatest inhibitory effect at 

the highest concentration of (1000 ppm) as its inhibition diameter reached (18 mm), 

while at a concentration of (500 ppm) it recorded a diameter of (16) mm, while the 

lowest rate of the inhibition diameter was recorded for the concentrations of (100 ppm) 

which reached (11 mm). 

      It can be said that the metal Nano complexes at a concentration of (1000) ppm can 

act as strong antibiotics that have the same effect on other types of bacteria that have not 

been tested. The Nano complexes under study may not show a similar effect in the 

living body, despite the sensitivity of bacteria to them, as what happens in the living 

body sometimes differs from the picture we observe on plates because the therapeutic 

process usually goes through a series of complex metabolic and physiological 

reactions[28]. 

     The highest results were from Gram+ positive bacteria , while Gram-negative 

bacteria that recorded a lower success rate of distillation lines for all nodes and in all 

tracers[29]. The reason for this is due to the presence of a double generation in each 

bacterial cell wall. Gram-negative bacteria are characterized by having an integrated 

membrane for editing that consists of two experiences. Two layers, one of which is 

made of protein fats and the other of fats combined with polysaccharides. This makes 

the negative bacterial cell have a unique cell wall that excludes the antibiotic or the 

therapeutic chemical from penetrating the bacterial cell. As for the Gram-positive 

bacteria, their cell wall consists of a thick layer of Mucopeptides composed of amino 

acids with monosaccharides, so they are less resistant to drugs and antibiotics[29]. The 

behavior of the metal nanocomplexes is explained by the lipophilic nature of these 

metal complexes, and chelation will facilitate the process of crossing the cell membrane 

of the complexes [31]. It is also shown that the complexes have antimicrobial activity 

that can inhibit these microorganisms and stop their growth by blocking their active 

sites [32,33]. as listed in Table (6) Inhibition zones of Nano complexes with ligand at a 

concentration of (1000,500,100) ppm for the bacteria under study. 

Table (6) Inhibition zones of Nano complexes with ligand at a concentration of (1000,500,100) 

ppm for the bacteria under study. 

G (-)  

iloc.E 
 

G )+(  

Staph.aureus 

 

Compound     

Bacteria 

At 1000 ppm  

18 20 [Cu(L1)2]Cl2 

22 24 [Ag (L1)Cl] 



2025 )No.(3) Special issue  ……..……….……….Nov.4Sciences Vol. (Journal of Kufa for Chemical  
 

 110 

 
 

 

 

 

 

 

 

 

 

 

  

  
 

               Figure (12) Biological activity of copper (II) and silver (I) Nano complexes  

against Gram- and Gram+bacteria. 
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