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Abstract—The Schiff base reaction is used in the current 

study to create the reagent N, N-1,2-Phenylenebis (2-

Hydroxybenzaldehyde). The reagent is characterized by 

FT-IR and NMR. This reagent is coupled with Cu (II) to 

get a monometallic complex. Another monometallic 

complex has been prepared by using 1-Nitroso-2-

Naphthol as a reagent with Cd (II). The combination of 

these two will give a Hetero-bimetallic complex. This 

prepared complex is characterized by using FT-IR, 

powder XRD, and Elemental analysis. The said hetero-

bimetallic complex shows better antibacterial, and 

antifungal activity than the mono-metallic complex.         

 

Index Terms—Schiff base, Hetero-bimetallic, Powder 

XRD, Cu (II) 

 

I. INTRODUCTION 

 

The chemistry of coordination compounds is an area 

ranging from the theoretical studies of bonding to the 

production of organometallic compounds.[1] 

Bimetallic complexes are crucial objectives for 

numerous applications due to their advantageous 

functional characteristics. For example, two metallic 

centers can enable collaborative multi-electron 

reactions involving transition metal ions. The promise 

of bimetallic complexes in augmenting reactivity 

instills optimism and enthusiasm among scholars in 

the discipline. [2,3]  

The formulation of a new Schiff base mixed ligand 

was likely the most pivotal phase in the creation of 

metal complexes that demonstrate distinctive 

characteristics and innovative reactivity. The 

characteristics of the ligand as an electron donor and 

acceptor, its structural-functional groups, and its 

placement within the coordination sphere, along with 

the reactivity of coordination compounds, could 

influence several research.[4] 

The ligands in the bimetallic complexes are 

polydentate and can bind to a minimum of two metals. 

In contrast to mono-metallic complexes, bimetallic 

complexes have an accelerated reaction rate and 

enhanced selectivity. Bimetallic complexes represent a 

rapidly expanding domain due to their potential 

bioactivities. Bimetallic complexes may be 

homobimetallic, featuring two identical metal centres, 

or heterobimetallic, comprising different metal 

centres. Bimetallic complexes offer a unique array of 

characteristics that can be ascribed to the presence of 

two identical or distinct metals. The distinct central 

metals in heterobimetallic complexes may collectively 

contribute qualities from both metals, hence 

improving the complex's characteristics relative to 

homobimetallic complexes.[5] The metallic centres of 

the bimetallic complexes often collaborate by altering 

the reactivity and/or physical characteristics of the 

complexes involved. Each metal can individually or 

together influence the overall characteristics of the 

complexes.[6] Heterobimetallic complexes can be 

synthesized through the sequential introduction of 

several metal ions. [7-9]    

The therapeutic characteristics of metal complexes are 

contingent upon the attributes of both the metal and the 

ligand. In some instances, the incorporation of metal 

ions into an organic ligand might enhance its 

biological efficiency. A review of the literature 

indicates that numerous bimetallic compounds have 

been developed, with investigations into their 

applicability across various domains, including 

agriculture [11], industry [12], and medicine [13]. 

The synthesis, characterization, and investigation of 

the antimicrobial properties of homometallic 

complexes with transition metals such as Cu, Co, Mn, 

and Zn have been the subject of more research papers 
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in recent years [14]. The bimetallic complexes of 

Ru(II)-Fe(III) have been utilized for the detection of 

signal amplification and the degradation of oxalate, an 

industrial pollutant. [15] The electronic effect of 

aluminum-containing ligands in Ir-Al and Rh-Al was 

also studied in several hetero-bimetallic complexes.[16] 

It was discovered that copper complexes in oxidation 

state +2 had strong antioxidant and anti-free radical 

action. [17,18] Bimetallic copper complexes have been 

thoroughly researched and may serve as models for a 

number of significant biological systems with a few 

sites.[19–25] Coordination chemistry is further advanced 

by the synthesis of a novel copper (II) complex with a 

multidentate Schiff base ligand. [26–28] 

The major ligand used in this work is N, N-1,2-

phenylenbis (2-hydroxybenzaldehyde), which is 

produced by the Schiff base reaction. When this 

reagent and Cu (II) combine, a monometallic complex 

is produced. The heterobimetallic complex is 

produced by coupling it with another Ag (I) 

monometallic complex (1-nitroso-2-naphthol). 

Compared to the monometallic complex, the 

heterobimetallic complex has more promising 

biological activities. 

To the best of our knowledge, the Cu (II)-Ag (I) 

bimetallic combination utilizing the reagents (N, N-

1,2-phenylenbis (2-hydroxybenzaldehyde)) and (1-

nitroso-2-naphthol) has not been documented thus far. 

 

Experimental 

All chemicals are purchased from commercial sources 

and used without further purification. O-

phenylenediamine, Salicylaldehyde, copper chloride, 

cadmium chloride, and 1-nitroso-2-naphthol were 

purchased from Sigma Aldrich. Infrared spectral 

studies were recorded in the KBr phase on a Shimadzu 

8201 FTIR spectrophotometer. Elemental analyses 

for C, H, and N were performed on a Perkin Elmer 

240 C elemental analyser. 

  

A) Synthesis of [N, N-1,2-Phenylenebis (2-

Hydroxybenzaldehyde)] 

An ethanolic solution of O-phenylenediamine was 

stirred with Salicylaldehyde to obtain the final product 

[L1]. L1 is recrystallized with the help of ethanol.

 

B) Synthesis of [N, N-1,2-Phenylenebis (2-

Hydroxybenzaldehyde)] Cu (II) Complex 

An ethanolic solution of copper chloride was added to 

an ethanolic solution of (L1) while stirring. A green 

precipitate formed upon stirring at room temperature. 

Stirring continued for one hour to ensure the reaction 

was complete. The product was filtered, washed with 

hot ethanol, then cold water, and dried. 

 

 

C) Synthesis of 1-Nitroso-2-Naphthol Cd (II) complex 

The hot ethanolic solution of (L2) was added to the 

ethanolic solution of Cadmium Chloride with stirring. 

The red precipitate (L2M2) was formed upon stirring at 

room temperature. Stirring was continued for one hour 

to ensure the reaction was completed. The product was 

filtered off, washed with hot ethanol, followed by cold 

water, and then dried. 

 
 

Scheme III: Synthesis of C20H10CdN2O4 Complex 

 

D) Synthesis of Heterobimetallic Cu(II)-Cd(II) 

Complex 

The ethanolic solution of (L1M1) was added to an 

ethanolic solution of (L2M2) with stirring. This 

mixture was refluxed for 4 hours. The product was 

filtered off, washed with hot ethanol, followed by 

water, and dried. 

 
Scheme IV: Synthesis of C40H26CuCdN4O6 Complex 
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II. RESULT AND DISCUSSION 

 

IR Spectrum 

The infrared spectra for the metal complex ligand 

C20H12CuN2O2 were recorded. A spectral band at 

1274.23 cm-1 originated, which is attributed to 

phenolic C–O str. Band. When the ligand 

C20H12CuN2O2 formed heterobimetallic complexes 

with the Cu (II) metal chelates of 1-Nitroso-2-

naphthol, shifting and splitting of the phenolic C–O 

str. band was observed. Therefore, in 

C40H26CuCdN4O6, spectral bands emerge at 1274 and 

1230 cm-1.  The consequent shifting and splitting of 

phenolic C–O str. bands in the heterobimetallic 

complexes justifies the coordination through phenolic 

oxygen. 

The FT-IR spectra for the metal complex ligands 

C20H12CuN2O2 and C20H6NO2Ag arise at 435.11 and 

440.21 cm-1 due to M─O(str) modes, respectively. 

There is a shift in the position of these bands towards 

the higher energy side after the formation of 

heterobimetallic complexes, which is observed at 

570.45 cm-1    

 

 C20H12Cu

N2O2 

C20H12N2

O4Cd 

C40H26CuC

dN4O6 

υ(ArC=C) 1434.42 1405.47 1445.89 

υ (ArC-

H) 

908.12 971.74 3053.10 

υ (CH=N) 1608.53 -----------

-- 

1605.93 

υ (N=O) --------- 1342.96 1304.12 

υ (C-O) 1274.23 1230.12 1025.02 

υ (M-O) 435.11 440.21 570.45 

υ (M-N) 525.14 --------- 542.31 

υ (M-Cl) 482.14 465.31 ----------- 

  

NMR Spectroscopy: 

The 1H NMR spectra of the Schiff base ligands 

demonstrated characteristic azomethine (CH=N) 

protons at 4.89 ppm as a singlet, respectively. The 

(CH2) protons present in all the ligands were observed 

at 3.05–3.98 ppm as a singlet. 

 

 

 

 

Physical parameters of the Metal complexes 

 

Compl

ex 

 C20H12C

uN2O2 

C20H12N2

O4Cd 

C40H26C

uCdN4

O6 

Molec

ular 

Weigh

t 

 375.54 456.41 833.95 

Colour  Dark 

green 

Red Brown 

Analys

is (%), 

Found 

(Calcu

lated) 

C 63.75 

(63.90) 

52.24 

(52.62) 

54.31 

(57.55) 

H 3.01 

(3.19) 

2.21 

(2.62) 

2.92 

(3.11) 

N 7.05 

(7.45) 

5.04 

(5.25) 

6.24 

(6.71) 

Cu

(II) 

16.12 

(16.91) 

-------- 7.21 

(7.61) 

Cd

(II) 

-------- 24.43 

(24.62) 

13.12 

(13.47) 

Yield 

(%) 

    

 

Powder XRD 

The powder XRD pattern of the Cu-Cd bimetallic 

complex recorded in the range (2θ = 0-80o). The XRD 

pattern of the bimetallic complex shows the sharp 

crystalline peaks indicating its crystalline phase. The 

average crystallite size (dXRD) of the complex was 

calculated using Scherer’s formula. The bimetallic 

complex has an average crystallite size of 8.5 nm. 

 

Biological activity 

Procedure: Antibacterial activity against E. coli, 

Bacillus subtilis, S aureus, and P. aeruginosa bacteria 

by the well diffusion method. The inoculums of the 

microorganism were prepared from the bacterial 

cultures. 15 ml of nutrient agar (Hi Media) medium 

was poured into clean, sterilized Petri plates and 

allowed to cool and solidify. 100 µl of broth of the 

bacterial strain was pipette out and spread over the 

medium evenly with a spreading rod till it dried 

properly. Once the agar was hardened, the Sample 

Slides were placed on the plate, and the plates were 

incubated at 370°C for 24 hours. Antibacterial activity 

was evaluated by measuring the diameters of the zones 

of inhibition (ZI).[29]  
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Antibacterial Activity of samples against E. coli, 

Bacillus subtilis, S Aureus, P. aeruginosa,  

 

SAMPLES C40H26Cu

CdN4O6 

Complex 

(SRBM) 

C20H12C

uN2O2    

(SM1) 

C20H12N

2O4Cd   

(SM2) 

CONCENT

RATION 

(mg/ml) 

5 mg 5 mg 5 mg 

ZONE IN 

DIAMETER 

(mm)   E. 

coli 

18 05 06 

ZONE IN 

DIAMETER 

(mm) 

Bacillus 

subtilis 

17 07 04 

ZONE IN 

DIAMET 

ER (mm) 

Staphylococ

cus Aureus 

15 09 09 

ZONE IN 

DIAME 

TER (mm) 

Pseudomona

s 

18 08 07 

 

Procedure: Antifungal activity against Candida 

Albicans A. Niger & A.Barsiliniase (Agar well plate 

diffusion Method) WELL DIFUUSION METHOD 

FOR THE DETERMINATION OF ZONE OF 

INHIBITION Antifungal activity Stock solution for 

antifungal activity: For antifungal study sample 

concentration of 5mg and 10 mg stored in a 

refrigerator till further used. Antifungal activities of 

the sample were evaluated using agar well diffusion 

assay. The assay was carried out according to the 

method of (Hufford et al., 1975). Sabouraud dextrose 

agar (Hi Media) was used for the growth of the fungus. 

Media with acidic pH (pH 5.5 to 5.6) containing a 

relatively high concentration of glucose (40%) is 

prepared by mixing (SDA) Sabouraud dextrose and 

distilled water and autoclaved at 121oC for 15 minutes. 

Twenty-five ml of molten (45°C) SDA medium was 

aseptically transferred into each 100mm×15mm sterile 

Petri dish. For counting of spores (fungi) were counted 

by suspending them in normal saline to make the 

volume up to 1ml and then counted with the help of a 

hemocytometer (Neubauer chamber). Once the agar 

was hardened, 6mm wells were bored using a sterile 

cork borer. Then 0.1 mL (100μl) from each stock 

solution of the sample, having a final concentration of 

5 mg and 10mg, was placed in each well, and the plates 

were incubated for 72 hours at 29 °C. The antifungal 

activity was measured as the diameter (mm) of the 

clear zone of growth inhibition. [30,31,32]  

 

SAMPLES Concen

tration 

ZONE IN 

DIAMETE

R (mm) 

against        

Candida 

albicans 

ZONE IN 

DIAMET

ER (mm) 

against   

A. Niger 

C30H18CuCd

N3O4Compl

ex 

5 mg 15 17 

C20H12CuN2

O2   (SRM1) 

5 mg 08 05 

C10H6NO2C

d   (SRM2) 

5 mg 06 09 

 

 
 

III. CONCLUSION 

 

The synthesized Schiff’s base was characterized by 

TLC, FT-IR. The downward shift of the band in 

complexes indicates that the ν (CH=N) and ν (N=O) 

groups of the Ligand are coordinated to the metal. 

Biological studies of these complexes reveal that these 

complexes show antibacterial activity against E. coli, 

Bacillus subtilis, Staphylococcus Aureus and 

Pseudomonas as well as antifungal activity against 

Candida albicans, A. Niger. As compared to 

monometallic complexes, a bimetallic complex shows 

promising biological activities. All metal complexes 

are coloured and thermally stable solids.  
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