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ABSTRACT 

 

Today, the resistance of bacteria is due to their misuse and overdose of antibiotics. 

Therefore, researchers are working day and night to discover new antibiotics that can 

solve the challenges of multi-drug resistance. The present study describes the synthesis 

of the metal complexes with the help of the primary ligand, tetracycline/oxytetracycline 

(TC/OTC), secondary ligand, salicylaldehyde (Sal), and 4d-transition metal salts 

[M=Cd(II), Zr(II), Mo(III)/(V), and Pd(II)]. A calculated amount of equimolar mixture 

of primary ligand (TC) is dissolved in 70 % ethanol and stirred under magnetic stirrer. 

A stirred aqueous solution of metal salt is added dropwise to the TC solution. The 

stirred alcoholic solution of the secondary ligand (Sal) is also added to the above 

reaction mixture dropwise and refluxed in a reflux condenser. The pH is maintained by 

the adding ammonia solution resulting the formation of precipitate. The dried 

precipitate is recrystallized to obtain the amorphous form of metal complex. 

Furthermore, the complexes were analyzed using physical and spectral techniques. 

Here, the physical method includes elemental microanalysis, pH, specific conductivity, 

viscosity, surface tension, density, and melting point measurements. Similarly, the 

spectroscopic method includes FT-IR, (
1
H and 

13
C)- NMR, UV/Visible, and ESI-MS 

spectrometry techniques. The results obtained from the conductivity data showed both 

electrolytic and non-electrolytic nature, which indicates that the metal complexes are 

correlatively bonded to the metal ions. Also, the findings from the UV/Vis. spectra 

confirmed the proposed structure as well as the geometry of the metal complex.  

The thermal and kinetic stability of the complex was obtained from thermo gravimetric 

and differential thermal analysis (TGA/DTA) techniques. The thermodynamic 

parameters of various decomposition steps, ∆S
*
, ∆H

*
, ∆G

*
, E

*
, A, T, can be calculated 

from the well-known popular Coats- Redfern equation. The results obtained from the 

thermal data show that the complexes have high thermal stability and also non-

spontaneous nature during different decomposition steps. The spectral studies of metal 

complexes showed better results with the molecular formula. The SEM (Scanning 

electron microscope) determines the surface morphology of the compound. The 

complexes were further supported by the information obtained from 3D molecular 

modeling viz: Chem 3D pro 12.0.2 software program, which provided the theoretical 
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predictions of the metal complexes and a better and more accurate evaluation of the 

proposed structure. Using the MM2 calculations, the energy optimization was repeated 

several times to note the minimum energy. The difference in M-N and M-O values 

indicates the coordination of metal ions with the ligand.  

The metal complex was tested for in vitro antibacterial susceptibility by two strains of 

human clinical pathogenic bacteria: Staphylococcus aureus (gram-positive) and 

Klebsiella pneumoniae, Escherichia coli, Proteus mirabilis, and Pseudomonas 

aeruginosa (gram-negative). The tests were performed with the help of the well-known 

modified Kirby-Bauer paper disc diffusion method. Antimicrobial study results showed 

better results at higher concentrations and considerable activity at lower concentrations. 

The zone of inhibition was measured in diameter (mm) with the help of an antibiogram 

zone measuring scale. Here, all clinical pathogens were found to be more susceptible to 

the prepared derivatives of TCs. The antibacterial potency is based on the concept of 

Overton’s and Tweedy’s chelation principle which is related to the stability and easy 

permeation of the lipid layer of the organism by metal complexes.    

 

  



सार 

 

आज, ब्याके्टरियाहरूको प्रतििोध उनीहरूको दुरुपयोग ि एन्टिबायोतिकको अतधक मात्राको कािण 

हो। िसर्थ, अनुसन्धानकिाथहरू बहु-औषतध प्रतििोधका चुनौिीहरू समाधान गनथ सके्न नयााँ 

एन्टिबायोतिकहरू पत्ता लगाउन तदनिाि काम गरििहेका छन्। हालको अध्ययनले प्राइमिी तलगान्ड, 

Tetracycline/Oxytetracycline (TC वा OTC), सेकेन्डिी तलगान्ड, Salicylaldehyde (Sal), ि 4d-

िर ान्टजजसन धािु लवणहरु [M=Cd(II), Zr(II), Mo(III)/(V), ि Pd(II)] को मद्दिबाि धािु 

कम्प्लेक्सहरुको तनमाथण गने बािे बणथन गदथछ। प्राइमिी तलगान्ड (TC)/(OTC) को समान मोलि 
(molar) तमश्रणको गणना गरिएको मात्रा, 70% इरे्नोलमा घुलाए पतछ चुम्बकीय न्टििि् द्वािा 

चलाईएको तर्यो। धािुको लवणको चलाईएको जलीय घोल TC को घोलमा र्ोपा-र्ोपा गिेि र्तपएको 

तर्यो। सेकेन्डिी तलगान्ड (Sal) को चलाईएको अल्कोहलयुक्त घोल पतन मातर्को प्रतितिया तमश्रणमा 

र्ोपा-र्ोपा गिेि र्तपएपतछ रिफ्लक्स कने्डनसिमा रिफ्लक्स गरिएको तर्यो। अमोतनया घोल र्पेि 

पीएच (pH) तमलाएको परिणामस्वरूप धािु कम्प्लेक्सको गठन भएको तर्यो। धािु कम्प्लेक्सको 

घोललाई सुकाएि प्राप्त ठोसलाई शुध्द बनाउन पुन तिितलकिण गरिएको तर्यो। यसपतछ, 

कम्प्लेक्सहरूलाई भौतिक ि वणथिमीय प्रतवतधहरू प्रयोग गिेि तवशे्लषण गरिएको तर्यो। जसमा, 

भौतिक तवतधमा मौतलक सूक्ष्म तवशे्लषण, pH, तवतशष्ट चालकिा (Specific conductivity), तभस्कोतसिी 

(viscocity), सिह िनाव (surface tension), घनत्व (density), ि तपघलने तबजदु मापन (Melting point 

measurement) लगायिका समावेस छन्। त्यसै्त, से्पक्टर ोस्कोतपक तवतधमा FT-IR, (
1
H ि 

13
C)- NMR, 

UV/visible, ि ESI-MS से्पक्टर ोमेिर ी प्रतवतधहरू समावेश छन्। चालकिा डेिाबाि प्राप्त नतिजाहरूले 

धािु कम्प्लेक्सहरु इलेक्टर ोलाइतिक ि गैि-इलेक्टर ोलाइतिक दुवै प्रकृतिका देन्टिएका तर्ए, जसले धािु 

कम्प्लेक्सहरू धािु आयनहरूसाँग सहबद्ध रूपमा बााँतधएको संकेि गदथछ। सारै्, UV/Vis से्पक्टर ाको 

तनष्कषथहरूले धािु कम्प्लेक्सहरुको प्रस्तातवि संिचना ि ज्यातमतिलाई पुतष्ट गदथछ। कम्प्लेक्सको र्मथल 

ि काइनेतिक न्टिििा र्मो गे्रतभमेतिर क ि तवभेदक र्मथल तवशे्लषण (TGA/DTA) प्रतवतधहरूबाि प्राप्त 

गरिएको तर्यो। तवतभन्न तवघिन चिणहरूको र्मोडायनातमक मापदण्डहरू, ∆S
*
, ∆H

*
, ∆G

*
, E

*
, A, T, 

प्रतसद्ध लोकतप्रय कोि्स- िेडफनथ समीकिणबाि गणना गरिएको तर्यो। र्मथल डािाबाि प्राप्त 

नतिजाहरूले देिाउाँछन् तक कम्प्लेक्सहरूमा उच्च र्मथल न्टिििा ि तवतभन्न तवघिन चिणहरूमा गैि-

स्वसू्फिथ प्रकृतिका तर्ए। धािु कम्प्लेक्सको वणथिमीय अध्ययनले आणतवक सूत्र अनुरुपको परिणाम  
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देिाएको तर्यो। SEM (स्क्यातनङ इलेक्टर ोन माइिोस्कोप) अध्ययनद्वािा यौतगकको सिह 

आकाितवज्ञान तनधाथिण गरिएको तर्यो। कम्प्लेक्सहरूको संिचनाहरुलाई 3D आणतवक मोडेतलङ 

जसै्त: Chem 3D प्रो 12.0.2 सफ्टवेयि प्रोग्रामबाि प्राप्त जानकािीद्वािा समर्थन गरिएको तर्यो, जसले 

धािु कम्प्लेक्सहरूको सैद्धान्टिक भतवष्यवाणीहरू ि प्रस्तातवि संिचनाको िाम्रो ि सिीक मूल्याङ्कन 

गिेको तर्यो। MM2 गणनाहरू प्रयोग गिेि, नू्यनिम ऊजाथ प्राप्त गनथ ऊजाथ अनुकूलनलाई धेिै पिक 

दोहोयाथइएको तर्यो। M-N ि M-O मानहरूमा तभन्निाले तलगान्डसाँग धािु आयनहरूको समन्वयलाई 

संकेि गदथछ। 

धािु कम्प्लेक्सहरूलाई मानव िोगजनक ब्याके्टरियाका दुई प्रकािहरूद्वािा इनतभिर ो एन्टिब्याके्टरियल 

संवेदनशीलिाको लातग पिीक्षण गरिएको तर्यो; जसमा,  िेतफलोकोकस ऑरियस (ग्राम- पोतजतिभ) ि 

के्लन्टिएला तनमोतनया, एस्क्चेरितचया कोलाई, प्रोिस तमिातबतलस, ि सू्यडोमोनास एरुतगनोसा (ग्राम-

नेगेतिभ) ब्याके्टरियाहरू समाबेश गरिएको तर्यो। प्रख्याि परिमातजथि तकबी-बाउि पेपि तडस्क प्रसाि 

तवतधद्वािा परिक्षणहरु गरिएको तर्यो। एन्टिमाइिोतबयल अध्ययन परिणामहरूले उच्च सांद्रिामा िाम्रो 

नतिजा ि कम सांद्रिामा उले्लिनीय गतितवतध देिाएका तर्ए। एन्टिबायोग्राम जोन मापन से्कलको 

मद्दिले अविोधको के्षत्रको व्यास (तममी) नातपएको तर्यो। यहााँ, सबै प्यार्ोजेनहरू TCs को ियाि 

डेरिभेतिभहरूमा बढी संवेदनशील भएको पाइयो। जीवाणुिोधी क्षमिा ओभििन ि ट्वीडीको चेलेसन 

तसद्धािको अवधािणामा आधारिि छ जुन धािुको कम्प्लेक्सहरूद्वािा जीवको तलतपड िहको सहज 

पािगमनसाँग सम्बन्टन्धि छ। 
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CHAPTER 1 

 

INTRODUCTION 

 

 

1.1 General Perspective 

 

Today, the transition metal complex of coordination chemistry has attractive fields 

due to its wide applications in the fields of catalysis, photochemistry, bioinorganic, 

photophysics, and supramolecular chemistry (Al-Noaimi et al., 2014). Coordination 

chemistry encourages researchers and chemists to prepare broad-spectrum antibiotics 

for biological, agricultural, analytical, clinical, medical, and therapeutic applications 

respectively (Damena et al., 2022; Gupta et al., 2021). Herbal-derived medicines are a   

traditional way of treating human diseases for ages (Tistaert et. al., 2011). Medicinal 

plants (Herbal) can be easily contaminated by absorbing heavy metals through the air, 

water, and soil. These heavy metals eventually enter the human body through 

consumption and can disrupt the normal function of kidneys, lungs, heart, and 

different types of cancer cells (Shaban, et. al., 2016). Therefore, medical inorganic 

chemistry is of great interest for researchers to develop new biologically active 

compounds. A variety of literature suggests that the bonding of drugs with metal ions 

increases their activity, with the complexes having a more curative nature than the 

parent drug (Mahmoud, et. al., 2013). The application of metal and metal complexes 

in medical science is increasing due to an increase in clinical and commercial 

purposes. Metal complexation is a method through which some metal ions can 

coordinate with organic functional ligands with an ionic bond, many interesting 

properties, and application for organometallic compounds with ion-dipole interactions 

(Mahmoud, et. al., 2015). 

 

In the reported research, the complex formation between bioactive ligands (binding 

sites) and metal ions has gained great interest for researchers because they are used in 

various fields of coordination chemistry (Shobana, et. al., 2015). In coordination 

chemistry, metal ions, and ligands play an important role (Abebe & Hailemariam, 

2016). In coordination chemistry, metals are concerned with coordination number, 
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geometry, thermodynamic and kinetic parameters of the ligand, and wide structural 

diversity (Rijt, et. al., 2009). 

 

Antibiotic resistance is a global problem that causes severe environmental and health, 

which can be reduced by awareness and strict regulation of antibiotic use (Siddappa, 

et. al., 2014; Pulicharla et al., 2017; Feio et al., 2014; Gao et al., 2021). These 

antibiotics are either natural or human-made compounds that are mostly used for 

bacterial infections and to improve the health of living plants and animals (Bouki et 

al., 2013). So, the important objective of the current studies for researchers and 

chemists is the development and discovery of more powerful and better drugs that can 

solve the global problem, which is why most research work is being done in the field 

of metal-drug interactions (Adediji et al., 2009). 

 

1.2 Mixed Ligands and Their Chemistry 

 

Metal complexes are widely used organic compounds, which are prepared by 

continuous stirring and refluxing the equimolar mixture of the primary ligand, 

secondary ligand, and their metal salts. Varieties of organic compounds applied in 

medicinal fields do not have organic action in the pure state but contain metal ions 

that may actively or indirectly help inactivation. Our human body contains 0.03 % 

metal ions and its complexes combine with their biomolecules. The ligand contains 

donor atoms (N, O, S, and P) that can easily coordinate with metal ions and behave as 

Lewis bases. The complex formation gives rise to Lewis acid-base reactions. 

Therefore, the organic nature of the ligand as well as the extent of metal degradation 

are significantly altered, resulting from the synergistic effect between ligand and 

metal ion (Refat et al., 2014).  

 

Organometallic compounds cannot have more than one metal bond of carbon, as in 

the case of Zeise’s, the first platinum-based synthesized metal complex of an organic 

compound. Subsequently, most of the complexes were synthesized with the help of 

dissimilar transition metals like Zr, V, Ti, Ir, Cr, Mn, Fe, Co, Os, Pt, Pd, etc. These 

transition metal complexes have vast applications in the fields of catalysis, 

agricultural and biochemical, optics, and electroluminescent devices, and are mostly 

used in biological fields such as antimicrobial, anticancer, and antifungal activities 
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(Nandanwar & Kim, 2019). However, metal bonding with biologically active 

molecules can be used to overcome these activities. Quinolones can easily coordinate 

with metal ions; therefore, many studies have been done between quinolones and 

metallic ions (El-Halim et al., 2011).  

 

1.3 Biological Applications of Mixed Ligands and Their Metal Complexes  

 

Metal complexes show good nucleolytic cleavage and help in the activation of 

enzymes. These complexes help in the storage and transport of active substances 

through the membranes. Schiff bases obtained through isatin show antiphoracological 

and neurophysiological effects such as antiviral, anticancer, antifungal, antimicrobial, 

antimycobacterial, herbicidal, antimalarial, antiprotozoal, cysticidal, and 

antihelminthic activity (Devi & Batra, 2015). The biological and toxic effects of 

platinum and palladium complexes in coordination chemistry are used in the 

pharmacological field. They also show biological importance because of their 

anticancer, antiamoebic, antitumor, and catalytic behavior (Sharma and Sharma, 

2011). 

 

Drug interactions with biologically active compounds help to improve activity and 

overcome antibiotic resistance (El-Halim et al., 2011).  Metal complexes in many 

branches of analytical and biomedical fields like chemical science, magneto, and 

photochemistry, industrial and physical science, pollution control, antibacterial, 

antifungal, antithyroid, antipyretic, antitumor, antimycotic, antiviral, antimetabolites, 

anti-inflammatory, and surface anesthetic activities have wide applications (Ghanghas 

et al., 2021; El-Sonbati et al., 2020; Abu-Dief et al., 2015; Shobana et al., 2015). 

 

1.4 Other Applications of Mixed Ligands and Their Metal Complexes  

 

Metal complexes of organo trithiocarbonates are applied in the areas of analysis, 

agriculture, organic synthesis, medicine, and industry. Some of these applications are 

vulcanization, accelerators, pesticides, rust inhibitors, floatation agents, lubricating oil 

additives, etc., but some have anti-radiation drug activity (Alias et al., 2014). 
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Most drugs have advanced toxic and medicinal properties as they occur in the form of 

metals. The metalloantibiotics used can reduce the dose and enter the body, increase 

bioavailability, and benefit the pharmacological effects of both metal ions and ligands 

(Ramotowska et al., 2020). The stable complex formation is because of a lone pair 

electron of the azomethine (-N=CH-) group of the nitrogen atom of their structure. 

Thus, the obtained complexes have significant use in most biological fields such as 

biochemistry, molecular magnetism, and supramolecular chemistry (El-Sonbati et al., 

2019). In recent times, the potential of MOFs has been known. They are highly 

porous, heterogeneous solid-state compounds with pores of specific size and can 

uptake guests such as gases or soluble small molecules (Pullen & Clever, 2018). 

 

The DNA-binding activity of transition-metal complexes is useful due to their 

potential use in drugs, tools for molecular biology, regulation of gene expression, and 

nano-technology. Cisplatin and platinum-based drugs used in the clinical field are 

used as anticancer agents that can covalently bind to DNA (Barve et al., 2009; Medici 

et al., 2015). Coumarins and their derivatives are well-known organic compounds 

found in various food sources such as herbs, fruits, and vegetables. They have wide 

applications in medical drugs such as spasmolytics, anticancer, antibacterial, 

anticoagulant, antifungal, and biological inhibitors, etc. (Kose et al., 2014). Cd, In, 

and Pb oxides are components of advanced functional materials associated with solar 

cells and thin-film transistors. They can form coordination polymers and cluster 

complexes. The coordination complex helps to synthesize metal oxides and study sol-

gel behavior (Khanderi et al., 2016). 

 

1.5 Tetracycline Under Investigation  

  

Infection in our body is a complex mechanism caused by the entry of microbes such 

as viruses, fungi, bacteria, etc., and other factors such as trauma with physical and 

chemical agents. Today, most people die from infectious diseases caused by the 

bacteria, as their early diagnosis is lacking. Diagnosis helps to identify the root cause 

of infection. Scientists in the world received much attention in the field of antibiotic-

drug interaction, and eventually, penicillin was discovered by Sir Alexander Fleming. 

Many antibiotics were discovered after this drug (Rolain et al., 2016; Alanis, 2005; 

Zakeri and Lu, 2013). 
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Antibiotics are organic compounds mostly used to treat human infectious diseases, 

animal husbandry, and veterinary medicine. Due to its soluble nature, most antibiotics 

used by humans and animals are expelled or released into the environment in the form 

of urine or feces. As a result, the direct transfer of antibiotics takes place in humans 

(Chen et al., 2019; Zhang et al., 2015; Xiong et al., 2018). TC antibiotics are widely 

used by human action. Once they are mixed into the water cycling system, they will 

pose a threat to human health and the environment (Cao et. al., 2018). The discovery 

of tetracycline antibiotics in the 1940s by Dr. Benjamin Ming Dugar was widely used 

in the clinical field. The naturally occurring TCs are highly excessive type II 

polyketides, composed of a linear fusion of tetracyclic scaffolds, which are labeled as 

A, B, C, and D (Fig. 1). The 30S ribosome subunit inhibits the protein synthesis of 

bacteria by binding to 16S r-RNA and inhibits the accumulation of incoming 

aminocellic t-RNA of their acceptor site (A-site) (Markley & Wencewicz, 2018). TC 

also has many potential binding sites because it contains donor atoms: the oxygen 

atoms in the C10–C12 keto-phenol system, the nitrogen atom in C4, enolic oxygen in 

C3, and the carboxamide group of ring A. Currently, TCs is used to cure a variety of 

bacterial infections, such as eye infections, chlamydia, acne, urinary tract infections, 

pneumonia, periodontitis, rosacea, malaria, syphilis, and rheumatism etc. (Guerra et 

al., 2016).  

 

TC is the first antimicrobial agent with a wide range of bacteria. Before three decades, 

many developments have taken place in the field of bacterial resistance to TCs. Thus, 

these activities reduce the therapeutic use of antibiotics in human beings. Today, 

antibiotic resistance is a global health problem caused by the misuse and overdose of 

antibiotics, so awareness and strict regulation of antibiotics should be taken care 

(Pulicharla et al., 2017). Due to its low cost and high antimicrobial activity, TC was 

used in the market of developing countries of the world. For example: in China, 1450 

tons of TC were used in 2013. Also due to the soluble and incomplete metabolic 

nature of humans and animals, TCs are often detected in the aquatic system (Xie et 

al., 2019). 
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Figure 1: Structure of Tetracycline 

 

1.6 Oxytetracycline Under Investigation 

 

The role of metal complexes in the field of modern pharmacology is continuously 

increasing. Today, due to the increased antibiotic resistance, it is necessary for 

researchers and chemists to search for effective and powerful antibiotics to address 

the global issue (Ramotowska et al., 2020). In recent years, many antibiotic residues 

have been detected in both soil and water environments, resulting in bacterial 

resistance among pathogenic microorganisms. Therefore, effective methods are 

applied for the unwanted pollution in seawater by using various technologies such as 

oxidation, adsorption, photochemical degradation, and enzymatic degradation (Hu et 

al., 2017). 

 

OTC is also a broad-spectrum antibiotic isolated from bacteria, called Streptomyces 

rimosus, which is found in soil. The main function of OTC is to inhibit protein 

synthesis inside bacteria (Leal et. al., 2018). OTC is also a broad-spectrum antibiotic. 

Structurally, OTC (Fig. 2) contains a naphthacene ring, as in the case of TC which 

contains multiple metal-binding sites. The only difference between TC is due to the 

substituent -OH group at C5 of the ring structure (Tongaree et al., 1999). OTC is also 

related to TCs, which have many ionizable functional groups. The presence of amine 

and acid/base-active phenolic hydroxyl groups helps OTC undergo protonation and 

deprotonation reactions (Yuan et al., 2019).  
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OTC is used to treat many diseases like acne, sinusitis, bronchitis, cholera, urinary 

tract infection, relapsing fever, leptospirosis, and many more. It is considered a 

growth promoter and is often used in animal breeding, such as in fish farms and swine 

feeding fields. The antibiotic entering the aquatic environment through industrial 

wastewater can be removed by conventional methods such as sedimentation, 

disinfection, digesters, and chemical coagulation techniques (da Silva et al., 2015; 

Niazi et al., 2008).  

 

Currently, OTC is used in the survey analysis of soil adsorption behavior and the 

environment. Factors such as soil type, particle size, cation species, organic matter 

content, and aluminum and iron hydrous oxide (Cheng et al., 2013). Similarly, the 

determination of a low concentration of OTC requires highly sensitive analytical 

techniques such as luminescence. It is characterized by HPLC (high-performance 

liquid chromatography), spectrophotometric, electrochemical, solid surface room-

temperature phosphorescence, time-resolved luminescence, and second-derivative 

synchronous spectrophotometric techniques (Yegorova et al., 2006). 

Figure 2: Structure of Oxytetracycline and Salicylaldehyde 

 

1.7 Choice of Metallo-Elements Under Investigation 

 

In coordination field studies, metal ions combined with different types of ligands 

enhanced the current development of medical and biomedical chemistry (Omar et al., 

2017). The coordination compound exhibits various properties on which the ligand-

bound with metal ions forms a metal complex. The complexes were implemented in 

various areas of human interest. Also, they find large applications in the industry, as 
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well as food, pharmaceutical, and animal feed supplements (Abdel-Rahman et al., 

2017). 

 

Metal complexes with heterocyclic ligands contain donor atoms such as nitrogen, 

oxygen, and sulfur. The study of such ligands is important for medicine because they 

have the potential properties of chelation to remove toxic metals from the body 

(Shoukry & Al-Mhayawi, 2013).  

 

Today, environmental pollution is a major problem for the modern world because of 

contamination and pollution by heavy metals caused due to rapid urbanization and 

industrialization. Pollution is also caused by natural disasters such as volcanic 

eruptions, weathering of rocks containing metals, anthropogenic sources such as 

smelting, mining, industrial emissions, and agricultural activities like phosphate 

fertilizers and pesticides are also the cause of the pollution (Ali et al., 2019). Vitamin 

C, also known as ascorbic acid, contains electron donor groups in biological systems. 

The acid acts as an antioxidant and protects against damage to living cells of the 

human body (Chandrathilaka et al., 2013). 

 

In the present study, 4d-transition metal salts viz. were selected for the preparation of 

the Cd(II), Zr(II), Pd(II), Mo(III)/(V) complexes. The above metal salts are partially 

or d-orbitals filled and exhibit an important role in the complexity of metal ion 

behavior. Therefore, the coordination of metal ions with organic ligands changes the 

biological profile of the molecules. Several research studies have enhanced the 

biological activities of ligands after complex formation. 4d-transition metals also 

possess complex formation properties with organic ligands and are found to possess 

superior biological functions. 

 

1.7.1 Cadmium 

 

In the field of coordination chemistry, cadmium (II) is of substantial interest due to its 

effect on the environment, toxic effect on marine organisms, and complexation by 

metallothioneins (Saghatforoush et al., 2008; Al-Maythalony et al., 2008). During 

both acute and chronic exposure, cadmium is highly toxic to all living mammals. 

During the biological system, Cd
2+

 remains as a coordination complex with a 
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biological ligand and its toxicity is beyond doubt during the chelation process 

(Bernhoft, 2013; Bie et al., 2020; Sun et al., 2017). Because of the d
10

 configuration, 

cadmium forms complexes with a coordination number of four to eight and acts as a 

photoluminescence material, which shows the nature of fluorescence (Bie et al., 

2020). In living beings, cadmium is toxic and can be found as a part of complexes 

with the ligand. The biological function of the ligand is disrupted during coordination. 

Therefore, cadmium compounds can hamper the CNS (central nervous system), 

kidney, and cancer to the connective tissues, lungs, and liver (Singh et al., 2017). 

Cadmium reduction occurs during inhalation and ingestion. Smoking plays an 

important role in tobacco due to the presence of heavy metal cadmium (Merian, 

1990). 

 

1.7.2 Zirconium 

 

The chemistry of zirconium metal complexes has been widely studied due to its 

application in catalysts for polymerization. The use of oxygen donor atoms by these 

complexes during coordination is also concentrated (Singh et al., 2013). Biologists 

and scientists can know the nature and interactions of metal-ligand in aqueous 

solutions with the help of the structure of zirconium-amino acid complexes (Pan et 

al., 2008). Similarly, zirconium and hafnium can easily form a stable complex with 

phenol, catechol, oxo, and carbonic acids (Tomachynski et al., 2001). Therefore, 

zirconium acts as a homogeneous catalyst in several organic pharmacological and 

biological changes (Sharma et al., 2011). Recently, much attention has been paid to 

Zr-based metals organic frameworks (MOFs) because of their properties such as 

sensor materials, catalysts, and adsorbents (Oien et al., 2014). 

 

1.7.3 Molybdenum 

 

In the field of coordination chemistry, molybdenum has interesting fields of research 

at present days, which is due to the presence of molybdenum in metalloenzymes as 

well as its importance in the catalytic and biochemical fields (Pasayat et al., 2012). 

Molybdenum also focuses on researchers due to its oxidation state, ligating atoms, 

coordination numbers, reactivity, effects on structure, and the potential importance of 

its compound. Molybdenum is a biologically active trace metal that takes participation 
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in redox-active sites of molybdo-enzymes and is, therefore a micronutrient for 

animals, plants, and microorganisms (Maurya et al., 2011; Nair et al., 2011). 

Molybdenum is a versatile transition metal and has more stable and accessible 

oxidation states. Therefore, it plays an important role in biochemistry and catalytic 

chemistry (Ahmed et al., 2012).  

 

Nassar et al., (2013) reported that molybdenum trioxide (MoO3) is not only rich in 

chemistry with many valence states as well as high chemical and thermal stability. 

Molybdenum and tungsten are used to manufacture materials for various engines that 

can operate through halogen medium at high temperatures (Sliznev & Belova, 2016). 

The enzymatic role of molybdenum is in biochemical reactions, mainly in the 

oxidation of aldehydes, sulfides, and purines. They also play an important role in 

various chemicals such as oxygen transfer, hydro sulfurization, and olefin metathesis 

(Ahmed & Lal, 2013). Molybdenum complexes can also catalyze nitrogen fixation by 

microorganisms in plants (Taher et al., 2010). 

 

1.7.4 Palladium 

 

Palladium is the most versatile transition metal with catalytic properties. Their 

complexes have a wide range of C-C coupling, hydrocarbon oxidation reactions, and 

C-H functionalization. For example, in 2010 A.D., the palladium-catalyzed reaction 

received the Nobel Prize in chemistry. Palladium has five oxidation states: 0, +1, +2, 

+3, +4, and +5. In the past, the Pd-catalyzed reactions have involved Pd (0) and Pd 

(II) oxidation states and have been investigated in detail (Nagalakshmi et al., 2020; 

Mirica & Khusnutdinova, 2013). The Pd complex bears a good relationship between 

cytostatic and lipophilicity. The main importance of the Pd complex is that renal 

toxicity from cisplatin is less because of its metal-containing anticarcinogenic nature 

and is approximately 105-fold more reactive than Pt (II) complexes (Sharma et al., 

2016; Soliman et al., 2016; Wang et al., 2013).  

 

Palladium dithiocarbamates are applied as catalysts, anticancer agents, and materials 

science. Currently, palladium is a chromogenic sensor for assessing mercury and the 

preparation of nanoscale materials (Prakasam et al., 2016). Palladium is also an 

important metal for metallodrugs because it exhibits structural characteristics 
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compared to platinum and exhibits in vitro cytotoxicity. Therefore many scientific 

papers have been published about the antimicrobial, anticancer, antiviral, and 

antifungal activities of various palladium (II) metal complexes (Sharma et al., 2016; 

Rubino et al., 2017). 

 

1.8 Rational of the Study 

 

In recent years, increased antibacterial resistance due to misuse or overdose of 

antibiotics has become a global health problem. Most natural antibiotics have lost 

their action. Therefore, synthesizing or finding new potentially effective drugs in the 

field of coordination chemistry is a very big challenge for chemists and researchers. 

 

1.9 Objectives of the Present Study 

 

1.9.1 General Objective 

 

The general objectives of the research work are synthesis, characterization, and 

evaluation of biological activities of heteroleptic complexes of Tetracyclines and 

salicylaldehyde mixed ligands. 

 

1.9.2 Specific Objective  

 

The present research work has the following specific objectives: 

 Synthesis of metal complexes of mixed ligands using the primary ligand, 

Tetracycline/Oxytetracycline (TC/OTC), secondary ligand, salicylaldehyde 

(Sal), and 4d-transition metal salts [M= Cd(II), Zr(II), Mo(III)/(V), and Pd(II)]. 

 Measurement of the physical parameters and thermal analysis (TGA/DTA) of 

the synthesized metal complexes. 

 Characterization of synthesized complexes using spectroscopic techniques (FT-

IR, 
1
H & 

13
C-NMR, UV/Visible, ESI-MS) and SEM studies. 

 Investigation of the antimicrobial activities of metal complexes using the 

modified Kirby-Bauer Paper disc diffusion method 
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1.10 Justification of the Study 

 

The metal complexes are useful for their trace and ultra-trace amounts and help with 

the normal body physiological function. The complexes have wide applications in 

various fields of chemistry. Today, there is a great challenging demand for researchers 

and chemists in Pharmaceuticals for the development of better active drugs to cure 

diseases. However, there is no research work related to metal complexes in the 

literature search. Because of the current global antibiotic resistance crisis, laboratory-

based metal complexes were prepared using the TCs (primary ligand), Sal (secondary 

ligand), and 4d-transition metal salts [M= Cd(II), Zr(II), Mo(III)/(V), and Pd(II)]. 

Thus, the obtained synthesized compounds will be new hope for the development of 

better and more efficient antibiotic drugs in the field of therapeutics. 
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CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

2.1 General Overview 

 

In the field of coordination chemistry, many research studies have been done in the 

present day due to their vast applications in various areas. Therefore, chemists and 

researchers are interested in working day and night to find fruitful results. Their 

applications will also be accompanied by numerous research works based on their 

synthesis, spectroscopic characterization, and antibacterial activities. 

 

On the occasion of the 100
th

 anniversary in 2013, the award was the first Nobel Prize 

for inorganic chemistry. Their work was based on coordination chemistry, which 

eventually gave rise to broad areas in modern chemistry such as catalysis, 

supramolecular, nanotechnology, and bioinorganic, metal-based chemistry (Constable 

& Gale, 2013). Alfred Werner’s work on the structure of metal complexes has helped 

chemists and research investors to learn about metal-based drugs that support the drug 

action mechanisms, oxidation states, types, and geometry along with the number of 

coordinate ligands. In the 1990s, Kopf and Kopf-Maier were performed in a wide 

range of tests on metallocene complexes, which gave rise to titanocene dichloride in 

clinical trial action (Barry & Sadler, 2014; Zhang & Sadler, 2017). 

 

For many years, Nickel has been considered a biological element participating in life 

development without any biological role. In 1975 A.D, this attitude changed when 

Nickel was found to be an active center of the enzyme urease. Because of its 

biological activity, nickel has many applications in fields such as antibiotics, 

antitumors, antiepileptics, and anticonvulsants. Additionally, Ni (II) complexes have 

been investigated for their antimicrobial, antioxidant, antiproliferative, and 

antileishmanial activity (Totta et al., 2017). In 1983, Henry Taube was awarded the 
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Nobel Prize in coordination chemistry. His creative work was based mostly on 

experimental methods (Creutz et al., 2006). 

 

In 2005 A.D., the first metal complex acesulfame, namely bis (acesulfame-t2N3,O4) 

bis (2-amino pyrimidine-tN1) copper (II) was the first mixed ligand complex in the 

literature. Their structure was analyzed using the X-ray technique (Yurdakul & Kose, 

2014). 

 

In the 1980s two scientists, Marshall and Warren proved that Helicobacter pylori (H. 

pylori) is an important cause of peptic ulcers caused by consumption of spicy food, 

stress, and excess acid. In 2005, he received the Nobel Prize in Physics because of his 

great work and outstanding findings. The three scientists (W.S. Knowles, R. Noyori, 

and K.B. Sharpless) worked on the synthesis of catalytic asymmetric compounds and 

received the Nobel Prize. Similarly, Y. Chauvin, R. H. Grubbs, and R. R. Schrock 

worked on organic synthesis using the metathesis technique and received the Nobel 

Prize in 2005. In 2010, three scientists, namely E. Negishi, R. F. Hec, and A. Suzuki 

received the scientific and prestigious award for palladium-catalyzed cross-coupling 

development. With the help of the above discoveries, the door has been opened for the 

chemical and pharmaceutical industries to prepare products such as plastics, 

medicines, and many other useful products (Turel, 2015). 

 

2.2 Pharmaceutical and Biomedical Applications 

 

The fields of coordination chemistry are of current interest to researchers and 

scientists because of their vast application in various fields like antimicrobial, 

nonlinear optical, and electrical conductivity (Al-Noaimi et al., 2014). Owing to the 

rapid progress of nanostructured materials, which have helped to create vast 

applications in biomedicinal fields such as drug delivery specific sites, novel tissue-

engineering scaffolds, biosensing, and screening, therapeutics, and medical bio-

analytical diagnostics. Examples include nanocomposites that stabilize and regenerate 

bone matrices, a biosensor for nanowires, and nanotubes (Xu et al., 2007). Bridging 

ligands and metal connectors are selected in various fields such as ion exchange, 

separation and adsorption processes, drug delivery, sensor technologies, biomimetic 

catalysis, proton conductivity, and heterogeneous activity (Okasha et al., 2019).  
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Porphyrin compounds are important for developing biomedical applications such as 

phototherapy, boron neutron-capture agents, and X-ray radiation enhancement. These 

surveys helped the ligands of saturated macrocyclic to design and tune their properties 

through chelation modifications (Mewis & Archibald, 2010). An interesting 

application of click reactions in the field of polymer science is considered an 

immediate achievement in biomedical science. Their applications in pharmacology 

are drug delivery, nanomedicine, linker chemistry, and so on (Hein et al., 2008; 

Deming, 2007). 

 

Aspartic acid is a naturally occurring amino acid that acts as an active center of some 

enzymes. It has three possible donor sites (one with an amine group and two 

carboxyls) and the coordination behavior may be investigated by comparing the 

complexes with a central metal with similar valency at certain pH values. Histidine, 

arginine, glutamic, and aspartic acid are the coordination compounds of amino acids. 

These compounds exhibit good antimicrobial properties (Aiyelabola et al., 2016). 

 

The most common amino acid is glutamic acid (Glu) (2-Aminoglutamic), which acts 

as a building block for protein synthesis. The acid is applied in biochemistry and brain 

memory, and acts as an anticancer drug by reducing toxicity against normal cells. 

Glutamic acid and the three possible coordination sites of a flexible skeleton help the 

complex behavior of the bi- or trident ligands. Similarly, arginine is an important 

amino acid that is physically active in the L-form. Antimicrobial activity behavior is 

enhanced against fungi and bacteria by L-arginine (Abdel-Mottaleb & Ismail, 2019).  

 

Heterometallic transition-metal complexes have wide applications such as catalytic 

activity, magnetic devices, and liquid crystalline materials such as sensor design and 

finally therapeutic drugs (Majumder et al., 2018). Similarly, 1,10-phenanthroline can 

synthesize metal complexes with the help of metal ions, because of its rigid central 

ring structure. In biological science, 1, 10-Phenanthroline and its derivatives are used 

in anti-mycoplasma, antifungal, and antibacterial studies (El-Halim et al., 2017). 

 

Beyond gold and silver, various bismuth, antimony, and mercury are used to prevent 

parasitic and bacterial infections. Likewise, H. pylori against leishmaniasis, bismuth, 

and antimony complexes are used to eradicate H. pylori infection. Also, arsenic 
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trioxide (As2O3) is the reference drug for the treatment of acute promyelocytic 

leukemia. Many inorganic complexes are used as gadolinium-based agents in clinical 

medicine (Bonaccorso et al., 2020). 

 

2.3 Catalytic Applications  

 

Transition metal complexes, in the field of coordination chemistry, show very 

powerful catalytic properties in many organic reactions. Some of the important 

industrial water-gas shift reactions are converted by bacterial enzymes i.e. conversion 

of H2O and CO into H2 and CO2. A simple and inexpensive catalyst can mimic many 

other enzyme actions known as biomimetic or bioinspired catalysis. Cadmium is a 

toxic element that affects an organism through interference with a zinc-mediated 

cellular method. Under rare zinc conditions, marine diatoms can synthesize cadmium 

carbonic anhydrase (CDCA) enzymes that can exchange catalysis for either Zn or Cd 

(Pladzyk et al., 2011). 

 

Researchers and chemists are attracting great interest in multinuclear metal complexes 

because of their interesting functions and structures. Some metal complexes are used 

as catalysts in organic synthesis and enzyme model reactions. Covalently bonded 

macrocyclic polydent ligands are used by metal groups in space. In the chemistry of 

host-guest relations, a host molecule multiplies the recognition for guest molecules 

and plays an important role in catalysis, also used for molecular sensing, ionic/proton 

sensory conductivity, and biochemical and drug delivery mimics the active site for 

known metalloenzyme (Nath et al., 2020). 

 

Complexes of iron, pyridine‐2, and 6‐dicarboxylic acid were applied in water-soluble 

drugs, heterogeneous catalysts, enzyme inhibitors, and electron carriers. For the 

preparation of nanoparticles, inorganic complexes act as starting materials with the 

help of the thermal decomposition of small particles and high surface area. The 

thermal decomposition of nanoparticles can be controlled by the size, purity, and 

distribution of inorganic compounds (Razmara et al., 2019). 

 

One of the important trace elements is molybdenum, which can be part of the enzyme 

structure and catalyze redox reactions because it can combine with inorganic 
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compounds important for the formation of metal complexes. As simple molybdates, 

molybdenum can also absorb, transport, and emit its products. Plant growth and 

development can be achieved by molybdenum during nitrogen fixation and nitrate 

reduction. A variety of reactions such as metathesis, olefin epoxidation, and 

isomerization of allyl alcohol can catalyze the coordination compounds of 

molybdenum (Maurya et al., 2011). 

 

Earth’s most abundant metal, i.e. vanadium, is of great interest for the design and 

oxidation of catalysts. The catalyst for the oxidation reaction is oxovanadium 

complexes that can catalyze aerobic oxidation with higher selectivity and better yields 

than secondary alcohols. Also, the use of polyoxidovanadates acts as effective 

oxidation to the benzylic alcohol of carbonyl compounds along with p-toluene 

sulfonic acid (Sutradhar et al., 2015). 

 

The elevation of more important non-precious metals can act as catalysts that are 

effective in oxidizing saturated hydrocarbons of both industrial and synthetic organic 

chemicals under mild conditions. During redox reactions, the C-H bonds of selective 

hydroxylation are catalyzed by the active site of iron or copper with enzymes methane 

monooxygenase and cytochrome proteins. Therefore, first-line transition metal 

complexes are important for homogeneous alkane oxidation catalysts (Tordin et al., 

2013). 

 

The Complexes of ruthenium (II) coordination chemistry have been studied over the 

years because of widespread use in various branches viz. catalysis, photophysics, 

bioinorganic and supramolecular chemistry, and photochemistry. The 

chemotherapeutic agents of ruthenium (II) complexes contain DMSO-, chloro-, and 

pyridine-type ligands. Similarly, Ru (II) complexes contain chelating diphosphine and 

diamine ligands that are used in homogeneous catalysis. Chelating Ru (II) reduces the 

polarity and antimicrobial activity of metal ions and enhances the lipophilic character 

of central metal atoms (Al-Noaimi et al., 2014). 
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2.4 Applications in Modern Technologies 

 

Currently, great interest is being created in the coordination polymer of metal 

complexes. Scientists have attracted different topologies and complex structures for 

these solid metal complexes because of their attractive catalytic, magnetic, optical, 

and electrical properties. Among these, Cd(II) is an interesting supramolecular metal-

based complex, which is a new functional material due to its photoluminescent nature 

and structure. Therefore, large energy is expanded to design Cd (II) containing 

polymer that can form bonds with different donor atoms, respectively (Bai et al., 

2009). 

 

In recent years, Hydrazones, along with their metal complexes, have been widely used 

by researchers and chemists because of their vast applications in various fields. 

Hydrazones also show tautomerism and exhibit coordination behavior during 

complexation. The parameters of reactions such as dentistry, nature, pH, the 

concentration of metal ions, and hydrazones result in diverse geometries and atoms. 

The heavy metal cadmium of the d
10

 configuration forms a heap of complexes with 

large coordination numbers ranging from four to eight (Kuriakose et al., 2017). 

 

Nowadays, the versatile monoanionic 1, 1-dithiol ligand dithiocarbamates attract 

researchers because of their unique chemistry and wide application for large-volume 

production. Currently, consumption is up to 25,000–35,000 metric tons worldwide. 

Dithiocarbamate (DTC) small organic molecules not only show chelating potential 

but are also widely applied in agricultural industries as fungicides and pesticides. 

Today, they are used as vulcanization accelerators in the rubber industry, 

antituberculosis, antibacterial, antifungal, and antioxidant, exhibit anticancer, anti-

alkylation, and apoptosis-inducing activity (Balakrishnan et al., 2019). 

 

A variety of antibiotics and pharmaceutical products are practiced in the medical 

field, due to the increasing interest of researchers and scientists in the field of 

coordination complex. Many complexes have modified pharmacological and 

toxicological behaviors. When metalloantibiotics are introduced into the body, they 

decrease the dose and benefit the pharmaceutical effects of ligands and metal ions 

(Ramotowska et al., 2020). 
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Soliman et al., (2012) explained that sustainable chemistry with chemical research 

and engineering helps design products with minimal use and the generation of 

hazardous substances and energy at surrounding temperatures and pressures is called 

green chemistry.  

 

Every year, more than 1.3 million lives die because of fungal infections. Therefore, 

the current demand is to discover and develop new and more efficient antifungal 

agents or strategies that can combine the current situations with fungal infections that 

are challenged by increasing multi-drug resistance. Sulfonamide drugs of metal 

complexes such as penicillin and fluoroquinolones have already been synthesized to 

enhance the drug efficacy during metallation. The Pd (II) metal complexes of 

tetracyclines have antibacterial potential against E.coli with a sixteen-fold potency of 

the parent compound (Dar et al., 2019). 

 

Currently, in the field of porous metal-organic frameworks (MOFs), there is explosive 

interest for researchers and scientists because of their large surface area, diverse 

topology, tailor-made pore structure, and well-modified surface properties. Until now, 

these materials have been used in various fields such as separation, gas storage, 

catalysis, drug delivery, luminescence, and adsorption of organic molecules. MOF-

based adsorbents in the aqueous phase are concentrated in benzene micromolecules, 

phenols, organic dyes, and so on (Hu et al., 2017). 

 

For the characterization process of polyoxometalates (POMs), various methods like 

UV/Visible, IR, Raman, NMR, and electrochemical methods are used. Souchay was 

the first to apply polarography in their research of POMs solutions, due to their 

variable composition, synthesis, material features, magnetic, and catalytic activities. 

Phosphomolybdate Keggin was the first structurally characterized POM due to its 

catalytic behavior such as oxidation of aldehydes, CO, and oxidative dehydrogenase 

(Koyun et al., 2017). 

 

2.5 Surfactant and Corrosion Inhibition Applications 

 

In a recent discovery of streamlined corrosion inhibitors, hydrochloric acid protects 

metallic substances. Many molecules of organic inhibitors include heteroatoms (NA, 
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AOA, and ASA) with various bonds to facilitate adsorption on the steel surface. In the 

same way, Benzylideneamine derivatives are represented by base formula C6H5ACH‚ 

NAC6H5 which is a good corrosion inhibitor because it contains the AC‚ NA group as 

well as p-electrons in the aromatic ring. The efficiency of inhibitory molecules 

depends on the characteristics of the environment, the nature of the metal, and the 

experimental factors (Belghiti et al., 2020). 

 

Organic molecules with polar atoms such as N, O, S, P, and an aromatic planar cycle, 

with unsaturated bonds, the ability to accept or donate electrons that are absorbed on 

the surface of the metal are called corrosion inhibitors. The adsorption occurs without 

electrostatic interactions or interactions between the corrosion inhibitor, which are 

electron pairs as well as p-electrons, and the metal surface (Fragoza-Mar et al., 2012). 

The corrosion inhibitor triethanolamine (TEA) was used in curing agents for metal-

cutting fluids, adhesives, epoxy and rubber polymers, antistatic and pharmaceutical 

intermediates, and an ointment emulsifier. TEA gives rise to coordination compounds 

known as silatranes when they form complexes with silicon. The drug has wide 

applications to heal wounds or stimulate hair growth, and to stimulate anticancer, 

antitumor, antibacterial, fungicidal, and anti-inflammatory activities such as stimulant 

drugs on animal and seed germination properties. Copper complexes here can control 

the freshwater algae of ponds and lakes and also serve as agricultural herbicides in the 

form of neutralizer dispersing agents (Ashurov et al., 2015). 

 

In recent years, carbon dioxide corrosion in carbon steel pipelines and increasing 

behavior in the oil and gas industry, CO2 gas equipment, and injection have led to 

decrease in viscosity and an increase in oil formation. Carbon-to- carbon steel has a 

low CO2 environment resistance and is therefore applied in the petroleum industry for 

economic purposes. An alternative method is used as an inhibitor to reduce corrosion 

in steel. The corrosion behavior of metals alters resistive adsorption and establishes a 

relationship between adsorption and corrosion inhibition (El-Lateef et al., 2015). 

 

Carbon steel is a very sensitive area of research because it can communicate in 

various media such as acidic environments. The medium has vast applications in 

industrial cleaning, descaling, oil well acidification, and petroleum processes.  

Therefore, various methods have been applied to prevent these corrosion processes. 
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Here, corrosion inhibitors are the best methods because of their high efficiency and 

environmental friendliness. Organic inhibitors of a specific class are surfactants with 

unique amphiphiles in their molecular structures that can be designed for low cost, 

high efficiency, and effective behavior to prevent corrosion (Feng et al., 2018). 

 

Copper as well as its alloys are used for seawater in many countries of the world 

owing to their effective corrosion resistance, low cost, ease of fabrication during 

installation and healthy water contributed to good health. Copper is environmentally 

friendly, as it can be recycled up to 100%. Because of toxicity, many corrosion 

inhibitors such as chromate and nitrite change with the help of organic molecules that 

are environmentally friendly. Pyrazolic molecules are the most widely applied 

inhibitors that attract most researchers (Hammouti et al., 2012). 

 

Approximately $ 250 billion is used every year in the US industry for metal corrosion, 

which is a serious problem. It can be controlled by different methods such as 

anticorrosion organic coatings, corrosion inhibitors, cathodic or anodic protection, etc. 

Among them, surface chemical conversion coatings are used in the aerospace and 

automobile industries. In the method of surface chemical conversion method, the 

substrate on the first metal surface is first molded with chemicals to form a surface 

coating. The coating improves the anticorrosion property of metals and enhances the 

layers of paint through adhesion. The traditional conversion coating of phosphate and 

chromate is mostly applied in agriculture, equipment, and automotive industries. 

Zirconium-based is the most interesting technique and is achieved by a successful sol-

gel process (Liu et al., 2019). 

 

Corrosion inhibitors are a technique that processes metal corrosion against acid 

attacks. The corrosion inhibitor can adsorb to the metal surface and inhibit the active 

site. Several applications of common inhibitors such as amino thiazoles, 

thiosemicarbazides, thiadiazole, thioimidazole, mercapto-5-triazole, and 

benzotriazoles have been used as potential inhibitors for acid solutions (Yadav et al., 

2013). 
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2.6 Research Gap 

 

The ancient method of synthesis of metal complexes is an addition of an equimolar 

mixture of ligands with metal a salt. However, the modern technique of synthesis of 

the heteroleptic metal complex is the addition of an equimolar mixture of two 

different ligands with metal salts. Comparisons are also made between ligand and 

metal complexes in various physical, spectral, and antibacterial studies. The 

synthesized metal complexes are extensively used in coordination chemistry because 

of their simple method of preparation, thermal stability, and medicinal utility. The 

metal complexes of cadmium, zirconium, molybdenum, and palladium have wide 

applications in various fields such as antibacterial, antifungal, antioxidant, antitumor, 

antiviral, antipyretic, antimetabolites, antithyroid, antimycotic, and herbicidal. The 

synthesized metal complexes may be better and more efficient metal-based antibiotics 

in future therapeutics to solve the global antibiotic resistance problem. Very little 

work has been done in the literature on metal complexes of Niobium, Technetium, 

Ruthenium, Rhodium, and silver. So, the current research helps to explore the 

research work in a comprehensive manner which fulfills the research gap. 
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CHAPTER 3 

 

 

MATERIALS AND METHODS 

  

 

This chapter covers chemicals and reagents used during the synthesis of metal 

complexes. Various physicochemical and spectroscopic techniques have been applied 

in characterization techniques and the study of antimicrobial activity will also be 

explained here. 

 

3.1 Materials/ Reagents 

 

The solvents and chemicals applied during the present research study are of high 

purity with analytical reagent grade quality. Solvents, as well as chemicals were 

obtained from various pharmaceutical and international standard companies with the 

help of local and international dealers. During the synthesis process, double-distilled 

ethanol and triple-distilled water were used as solvents. These were dried and purified 

using standard techniques. Similarly, glassware is of high-grade borosils, which were 

selected for the highly accurate research work.  

 

The complexes were synthesized by stirring and refluxing equimolar mixtures of the 

primary ligand (tetracycline, oxytetracycline), secondary ligand (salicylaldehyde), and 

metal salts. Four metal chloride salts [M= Cd (II), Zr (II), Mo (III)/(V), Pd (II)] were 

chosen for the synthesis of metal complexes. Due to the low solubility of tetracycline 

in alcohol, therefore 70% ethanol was used for the synthesis process. Antimicrobial 

activity was tested against human clinical pathogenic bacteria using a modified Kirby-

Bauer paper disc diffusion method. The pathogenic bacteria were collected from the 

Microbiology Laboratory of Nobel Medical College Teaching Hospital, and Suraksha 

Hospital, Biratnagar, Morang, Nepal. The list of instruments and glassware apparatus, 

chemicals and reagents used during the synthesis process is presented in Tables A1 

and A2. Similarly, the solubility data of metal complexes of mixed ligands are 

reported in Table A3. 
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3.2 Synthesis of Metal Complexes  

 

Among the many synthetic methods of complex formation, solvent-free synthesis by 

microwave irradiation is a well-known benign method because of its short reaction 

time, clean reaction profile, and simple experimental/ product separation procedure 

(Soliman et al., 2012; Guerra et al., 2005; El-Tabl et al., 2013). However, the reflux 

method for the preparation of metal complexes is a traditional technique that was 

widespread in research. In the present research study, the primary ligand was added 

dropwise with the calculated amounts of metal salts and stirred under a magnetic 

stirrer. The calculated amounts of the secondary ligand were also added to the above 

mixture. The whole mixture was refluxed under a reflux condenser above the 

magnetic stirrer (Fig. 3). The pH was maintained at 7-8 by using an ammonia 

solution. The amorphous, colored, solid metal complexes were recrystallized and 

placed inside a desiccator under anhydrous CaCl2. Finally, the dried complexes were 

filled into an airtight vial for future use. 

 

3.2.1 Synthesis of Cd-TC/Sal Metal Complex 

  

The metal complex was synthesized by continuous stirring and heating an equimolar 

mixture of the primary ligand, tetracycline (0.8890g, 2mmol), dissolved in 20ml of 

70% ethanol. An aqueous solution of metal salts, CdCl2.H2O (0.4029g, 2mmol), was 

separately placed in an R.B. flask and stirred in a magnetic stirrer for up to 4 h. The 

stirred salt solution was mixed dropwise in a tetracycline solution. The entire mixture 

solution was stirred for a few hours and then the secondary ligand, 10 ml alcoholic 

salicylaldehyde (0.2 ml, 2mmol), was added in a dropwise manner to the above 

mixture. Again, the entire solution was refluxed at 20 °C for 8 h. The pH was 

maintained at 7-8 by adding a drop of ammonia solution to obtain a precipitate. The 

precipitate obtained was thus, washed with an alcoholic solution. The dried precipitate 

was recrystallized again, and finally, a pale orange amorphous solid was placed inside 

an airtight vial and preserved in a desiccator containing anhydrous CaCl2. Finally, the 

percentage yield was 60-70%. 
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Figure 3: Synthetic route of metal complexes of mixed ligands. 

 

3.2.2 Synthesis of Mo-TC/Sal Metal Complex 

  

The synthesis of the metal complex by a normal process is shown in subunit 3.2.1. For 

the synthesis of the metal complex (Mo-TC/Sal), a 10ml (0.4050 g, 2mmol) alcoholic 

salt solution was used. A pale yellow amorphous solid was obtained and stored in an 

airtight vial for future use. 

 

3.2.3 Synthesis of Zr-TC/Sal Metal Complex 

 

The synthesis of the metal complex by a normal process is shown in subunit 3.2.1. For 

the synthesis of the metal complex (Zr-TC/Sal), a 10ml (0.6446g, 2mmol) aqueous 

salt solution was used. The black crystals were obtained and stored in an airtight vial 

for future use. 
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3.2.4 Synthesis of Pd-TC/Sal Metal Complex 

 

The synthesis of the metal complex by a normal process is shown in subunit 3.2.1. For 

the synthesis of the metal complex (Pd-TC/Sal), a 10ml (0.7096 g, 2mmol) alcoholic 

salt solution was used. The black crystalline solid was obtained and stored in an 

airtight vial for future use. 

 

3.2.5 Synthesis of Cd-OTC/Sal Metal Complex 

 

The synthesis of the metal complex by a normal process is shown in subunit 3.2.1. For 

the synthesis of the metal complex (Cd-OTC/Sal), a calculated amount of the primary 

ligand, oxytetracycline hydrochloride (0.9941g, 2mmol), in 20 ml of 70% ethanol and 

10 ml of an aqueous solution of CdCl2.H2O (0.4029 g, 2mmol) were used. A gray 

amorphous solid was obtained and stored in an airtight vial for future use. 

 

3.2.6 Synthesis of Mo-OTC/Sal Metal Complex 

 

The synthesis of the metal complex by a normal process is shown in subunit 3.2.5. For 

the synthesis of the metal complex (Mo-OTC/Sal), a 10ml (0.5469 g, 2mmol) 

alcoholic salt solution was used. A pale-brown amorphous solid was obtained and 

stored in an airtight vial for future use. 

 

3.2.7 Synthesis of Zr(II)Otc/Sal Metal Complex 

 

The synthesis of the metal complex by a normal process is shown in subunit 3.2.5. For 

the synthesis of the metal complex [Zr(II)Otc/Sal], a 10ml (0.6445 g, 2mmol) aqueous 

salt solution was used. A black crystalline solid was obtained and stored in an airtight 

vial for future use. 

 

3.2.8 Synthesis of Pd(II)Otc/Sal Metal Complex 

 

The synthesis of the metal complex by a normal process is shown in subunit 3.2.5. For 

the synthesis of the metal complex [Pd(II)Otc/Sal], a 10ml (0.3548 g, 2mmol) 
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alcoholic salt solution was used. A brown amorphous solid was obtained and stored in 

an airtight vial for future use. 

 

3.3 Characterization Techniques  

 

Physicochemical and spectroscopic characterization of the formulated metal 

complexes provides very important information to confirm the structure and its 

stereochemistry. Physicochemical techniques viz: CHN, surface tension, melting 

point, pH, viscosity, density, and conductivity measurement. In the same way, 

spectroscopic characterization methods like FT-IR, 
1
H-NMR and 

13
C–NMR, 

UV/visible, SEM, ESI-MS spectrometry, and TGA/DTA analysis. Molecular 

modelings as well as antibacterial activity studies are the highlight of the current 

research work. All these will be discussed in the following subchapters. 

 

3.3.1 Elemental Microanalysis  

 

The micro-elemental analysis shows better results for the structural elucidation by 

giving the percentage composition of the element and also finalizing the molecular 

formula of the compound. The composition and purity of the prepared complex can 

also be ascertained from this analysis. 

 

3.3.2 pH Measurement  

 

The metallation behavior of the ligand for the formation of a metal complex is 

normally achieved by deprotonation, and the change in pH value during chemical 

reactions is determined as important evidence in synthetic chemistry. The ligands 

have a greater value than the metal complex, which symbolizes the formation of the 

metal complex during complexation. In the current research study, pH measurements 

were calculated by dissolving the metal complexes in 30% DMSO solvent, and 

readings were taken from Eutech Instruments pH 2700 pH/Mv/
o
C/

o
F meter. 
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3.3.3 Conductivity Measurement 

 

Conductivity measurement is an instrumental physical technique that gives 

information about the electrolytic or non-electrolytic nature of a metal complex. In the 

field of coordination chemistry, it gives useful information regarding the formation of 

complexes. At room temperature (±25 °C), the conductance value was measured by 

dissolving the metal complex in 30 % DMSO solvent at a concentration of M/1000. 

Complexity behavior is indicated by metal complexes with high values of 

conductivity.  

 

3.3.4 Electronic Absorption Spectroscopy (EAS)  

 

Electron absorption spectroscopy, also known as UV/visible spectroscopy, is an 

instrumental analytical technique for the determination, identification, and 

characterization of geometry as well as the binding modes of a compound. It also 

helps the chemist gain important knowledge regarding the transition of the metal 

complex. Electronic absorption was performed at room temperature, using DMSO 

solvent and the same solvent as the blank. The measurements were performed using 

an automated UV/Visible spectrometer (Varian Cary 5000). 

 

3.3.5 FT-IR Spectral Study  

 

FT-IR (Fourier transform infra-red) is also another useful tool to determine the 

functional groups associated with metal ions and the coordination sites formed during 

complex formation. The IR radiation of the electromagnetic spectrum is used by the 

instrument, which provides the vibration of a bond from which a lot of information 

can be obtained. The metal-ligand coordination band is located at the lower region 

(400-500 cm
-1

) of the spectrum. Between the lower region (400-500 cm
-1

), are bands 

of metal-ligand coordination. The FT-IR spectrum was recorded by an instrument 

called Perkin Elmer spectrum II at the wavenumber between 4000-400 cm
-1 

by using 

KBr pellets. 
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3.3.6 
1
H &

13
C-NMR Spectral Study 

 

1
H and 

13
C-NMR spectral analysis give valuable information for the structural 

elucidation of the compound. NMR spectroscopy is also an instrumental technique 

that gives characteristic peaks of different proton environments and coordination sites 

with the metal complex. In the present study, 
1
H-NMR and 

13
C-NMR spectra were 

recorded in DMSO-d6 solvent on an instrument named Bruker Avance II-400 MHz 

spectrometer. 

 

3.3.7 ESI-MS Spectral Study  

 

ESI-MS (electrospray ionization mass spectrometry) is also a useful analytical 

instrumental technique that gives molecular masses of synthesized compounds or 

complexes. Spectrometry also determines the mass-charge-ratio of the charged 

particles of the compound and the information about the compound’s molecular 

formula. The ESI technique has recently been used in MS because it is a soft 

ionization method where fragmentation takes place. ESI concerns MS-MS because it 

provides a very sensitive method for the analysis of the compound. In the present 

study, ESI-MS spectra were recorded in the mass range of 0-1000 m/z using a mass 

spectrometer, called water UPLC-TQD in positive mode.  

 

3.3.8 TGA/DTA Study  

 

Thermogravimetric analysis is an instrumental analysis technique that gives 

knowledge about the kinetic and thermal stability of an organic compound. 

TGA/DTA is also related to weight loss with an increase in temperature. With the 

help of the popular Coats-Redfern equation, various parameters can be calculated like 

A, E
*
, ∆H

*
, ∆S

*
, and ∆G

* 
respectively. In the present investigation, TGA/DTA was 

recorded under a nitrogen atmosphere at 860 °C (room temperature) with a linear 

heating rate of 10 °C/min.  
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3.3.9 Surface Morphology Analysis 

 

A scanning electron microscope (SEM) is an instrumental analytical tool to determine 

the surface morphology of a compound. A high electron beam of energy produces 

various signals on a solid surface, resulting in the picture, size, shape, strength, 

arrangement, and ductility of objects. SEM is also applied in forensic laboratories, 

metallurgy, medical science, and gemology (Pal et al., 2018). In this study, SEM 

micrographs were performed using the JEOL model JSM-6390 LV. 

 

3.4 Computational Study 

 

Molecular modeling is a computer-based method for obtaining, representing, and 

manipulating the structure and reaction of molecules. The method is applied in the 

areas of computational chemistry, pharmaceutical design, material science, and 

computational biology. In our research investigation, the synthesized metal complexes 

were structurally analyzed with the help of 3D modeling software called Chem. 3D 

Pro 12.0.2, which shows a more precise and better measurement of the proposed 

structure of molecules. With the help of MM2 calculations, the optimized structure 

was calculated, and the optimization minimum energy of the molecular geometry was 

repeated several times to obtain the minimum energy. With the help of 3D modeling, 

selected bond angles, bond lengths, and atomic coordinates were also obtained during 

the study (Mahapatra et al., 2015; Mahmoud et al., 2017). 

 

3.5 Antibacterial Sensitivity Study 

 

Antibiotics are drugs that help to treat various bacterial infections. Today, due to 

antibiotic resistance caused by misuse or overdose of antibiotics in human medicine, 

veterinary and agriculture have become a serious health and environmental problems 

in the modern world (Shaikh et al., 2015). So the present day, scientists and chemists 

are working day and night to synthesize or discover a powerful and better medicine 

that can solve the global problem. Therefore, many studies are being done on the 

metal-drug relationship. In the present investigation, the complexes were tested for 

antibacterial activity studies using the modified Kirby-Bauer paper disc diffusion 

method on different strains of human pathogenic bacteria with different 
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concentrations of metal complexes. Finally, the inhibition zone was measured in 

diameter (mm). 

 

3.5.1 Sterilization of Equipment 

 

Sterilization is the destruction or removal of all microorganisms such as spore-

forming or non-spore-forming viruses, fungi, bacteria, and protozoa that can infect 

medicine or other living materials, causing health problems. Various techniques are 

applied for the sterilization processes like heating in an autoclave (steam sterilization), 

dry-heat sterilization, filtration, exposure to ionizing radiation, gas sterilization, etc. In 

the present work, all the glassware (Petri plates) and necessary equipment were first 

washed with liquid detergents followed by distilled water and then sterilized for half 

an hour in an autoclave. Finally, they were placed in a UV laminar flow for further 

use. 

 

3.5.2 Procedure for the Preparation of Media  

 

For antimicrobial susceptibility tests, the nutrient agar medium was applied for better 

growth of pathogens, as it contains sufficient nutrients that are necessary for the 

growth of microorganisms. The agar was prepared following the guidelines given by 

the manufacturer company. All the glassware and necessary equipment were washed 

properly and then autoclaved at 120 °C for half an hour. After cooling in the UV 

laminar flow, the media were properly transferred to each plate and the media was left 

to freeze without contamination.  

 

3.5.3 Preparation of Culture Medium 

 

Antibacterial tests were investigated in vitro for certain strains of human clinical 

pathogenic bacteria using the modified Kirby-Bauer paper disc diffusion method. The 

bacterial strains such as S.aureus (gram-positive), P. mirabilis, E. coli, K. 

pneumoniae, and P. aeruginosa (gram-negative) were selected for the test. Fresh 

cultures of clinical pathogens were received from the microbiology laboratory of 

Suraksha Hospital and Nobel Medical College and Teaching Hospital, Biratnagar, 

Morang, Nepal. 
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3.5.4 Organism Information  

Staphylococcus aureus 

S. aureus is a gram-positive microorganism of the spheroid in shape. The 

microorganism resembles a bunch of grapes under a light electron microscope after 

the gram is stained. The microscope also reveals nearly spherical-shaped cells with a 

smooth surface. S. aureus is a common skin microorganism and other major 

contaminated food and food products. They are found in the nose and also inhabit the 

skin and vagina. They can spread by contact with pus and user objects such as sheets, 

clothes, and a towel from infected patients. It is considered to be the most notorious 

microorganism resulting in infection with surgical death. Therefore, S. aureus is 

considered one of the bacteria-killers. About 20% of human populations in the world 

are long-term carriers of these bacteria (Abdelhamid & Wu, 2018). 

 

Escherichia coli 

 

E. coli is a gram-negative anaerobic with a rod-like shape, mostly seen in the warm-

blooded organism in the lower intestine. E. coli is considered one of the fastest host 

microorganisms in genomic and genetic engineering due to its rapid growth and easy 

culture (Pontrelli et al., 2018). It is an opportunistic pathogen that can cause urinary 

tract infections, meningitis, diarrhea, and sepsis. E. coli strains are important for 

etiological agents of diarrhea, while strains that develop from acquisition through 

gene transfer are persistent in the host (Gomes et al., 2016). 

 

Proteus mirabilis 

 

Jacobsen & Shirtliff, (2011) reported that Proteus mirabilis is a gram-negative 

bacillus seen in the intestinal tracts of mammals, soil, and water, and can float in a 

coordinated manner on a solid surface. P. mirabilis is a causative agent of nasal 

infections, skin, wounds, eyes, ears, nose, throat, respiratory system, etc. 

Microorganisms can be severe because they can damage the kidney, and form stones 

in the bladder, and humans can suffer from acute, chronic pyelonephritis, and 

bacterial infection (Cestari et al., 2013). 
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Pseudomonas aeruginosa 

 

Pseudomonas aeruginosa, a gram-negative microorganism, is commonly 

encapsulated with rod-shaped structures and causes diseases in animals, plants, and 

humans. Pseudomonas aeruginosa is available in the soil, water, flora skin, and man-

made environment of the world. Pseudomonas aeruginosa is the most important 

microorganism that can cause ventilator-associated pneumonia and infection in 

hospitalized patients (Pang et al., 2019). Currently, it is recognized as a 

microorganism with malignancy for neutropenic hosts and causes nosocomial 

infection with invasive devices, and surgery in immune-compromised and immune-

competent hosts (Giamarellou & kanellakopoulou, 2008).  

 

Klebsiella pneumonia 

 

K. pneumoniae is a rod-shaped, encapsulated, gram-negative, non-motile, anaerobic, 

lactose-fermenting bacterium. The organism is mostly found in the surface water, soil, 

sewage, and mucosal surfaces of mammals. Due to broad-spectrum virulence factors, 

it plays an important role in causing pneumonia, urinary, pyogenic abscesses, and 

hemorrhagic infections in mammals (Cheng et al., 2018). K. pneumoniae is also an 

opportunistic pathogen that can cause a multidrug-resistant increase in people 

infecting community-based and nosocomial infections (Azevedo et al., 2019; Vuotto 

et al., 2014). Patients who are suffering from diabetes mellitus, a debilitating 

condition, and extraintestinal will get K. pneumonia into their bodies. There is also a 

risk of pneumonia and also a chance for such germs to enter patients undergoing head 

injury or neurosurgery with or without CSF leakage (Fang et al., 2000). 
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           C      D 

 

E 

Figure 4: Pathogens, A (S. aureus), B (E. coli), C (P. mirabilis), D (P. aeruginosa), E (K. pnemoniae)  

[Note: scale bar, 1µm (A-D), scale bar, 5µm (E)] 
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Sources: 

            A: https://www.tandfonline.com/doi/full/10.1080/14756366.2017.1396456 

     B: https://www.tandfonline.com/doi/full/10.1080/14756366.2017.1396456 

            C: https://sci-hub.hkvisa.net/10.1128/JB.00975-08 

            D: https://sci-hub.hkvisa.net/10.1155/2014/795281 

            E: https://sci-hub.hkvisa.net/10.1038/srep06216  

 

3.5.5    Preparation of Paper Disc  

 

For the preparation of the paper disc, Whatman filter paper No. 1 was used for the 

testing. Using a simple punching machine, holes of about 5 or 6 mm diameter were 

perforated and precautions were followed to avoid overlap of holes. The paper disc 

curls after punching, so care is taken to keep a flat surface and apply pressure to it. 

Finally, the discs were autoclaved for 30 minutes under a pressure of 15 lbs. 

 

3.5.6 Loading of Chemicals  

 

For antibacterial susceptibility testing, the metal complexes were dissolved in a 

DMSO solvent of varying concentrations, and the blank paper discs were loaded with 

chemicals with the help of a micropipette. The loaded paper discs were finally dried 

and placed on a media plate with a swabbed bacterial culture. 

 

3.5.7 Inoculation of Organisms and Measurement of Growth Inhibition Zone 

 

The loaded paper discs were placed on sterile MHA (Muller Hinton Agar) media 

containing regenerated and fresh pathogens, and the discs were loaded with different 

concentrations of the prepared metal complex. Molecular size and solubility reflect 

chemical infiltration around the disc region. The pathogen will not grow in that area 

and the areas without pathogen are called clear zones or inhibition zones, measured 

with a Hi-Antibiotic Zone measuring Scale-C in diameter (mm) after 36 h of 

antibacterial testing (El-Sonbati et al., 2019; Santos et al., 2014). 

 

https://sci-hub.hkvisa.net/10.1128/JB.00975-08
https://sci-hub.hkvisa.net/10.1155/2014/795281
https://sci-hub.hkvisa.net/10.1038/srep06216
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CHAPTER 4 

 

RESULTS AND DISCUSSION 

 

4.1 Physical Measurements 

 

The behavior of physicochemical techniques of complexes such as conductivity, pH, 

density, viscosity, melting point, color, solubility, and surface tension measurement 

can be better understood. All these necessary parameters help to give supportive 

information for complex formation during a chemical reaction. Likewise, due to the 

unique properties of various chemicals, it helps to design the mechanism and identify 

the nature of compound formation. 

 

4.1.1 Colour 

 

In transition metals, atoms, or ions, d-orbitals are degenerate (same energy). However, 

upon complexity, the d-orbitals of metal coordinates degenerate. When the d-orbital is 

not filled, the electron absorbs photons of suitable energy to propel the electron from 

the ground state to a higher excited energy state. If complexes absorb electromagnetic 

radiation in the visible region, it emits an energy complement to the absorbed 

radiation and forms color in the complexes. The color change is caused by various 

electronic d-d transitions, either by π bonding or non-bonding or by a free electron. 

Chromophores in the presence of auxochromes show electronic absorption in the UV 

region and give color to the complexes. 

 

4.1.2 Solubility and Melting Points 

 

The specific characteristics of compounds can be determined with the help of physical 

properties such as melting point and solubility measurements. Ligands were soluble in 

ethanol, DMF, and DMSO, whereas the complexes were soluble in organic solvents 

(DMSO and DMF). The melting point was measured using an instrument called 

VEEGO ASD-10013. 
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4.1.3 Conductivity Measurements 

 

The electrolytic or non-electrolytic nature of a metal complex can be measured with 

the help of conductivity measurement. In the present study, the complexes are 

dissolved in DMSO solvent with a concentration of 0.001 M, and the calculated data 

are presented in Table 1. The complexes show higher conductivity than the ligand, 

which signifies the complexation between the ligand and metal ions. Data obtained 

from conductivity showed both electrolytic and non-electrolytic nature. 

 

4.1.4 pH Measurement 

 

The main reason for the difference in the metallation in coordination chemistry is the 

deprotonation of the ligands. Ligands have a higher pH value than metal complexes, 

which symbolizes the formation of metal complexes. The metal complex synthesis 

method does not affect the reaction between the molar ratio and pH, therefore 

indicating that the metal complexes are much more stable. Environment, temperature, 

and pH are essential factors for affecting the growth of bacteria. Most of the bacteria 

grow at pH 7.4 (slightly alkaline) and incubate at 34 °C. 

 

4.1.5 Surface Tension  

 

The surface tension determines the wettability of a solution that can spread or stick to 

the surface of a solid. The principle of surface tension determines the segregation 

dynamics of surface-active materials. The surface tension increases by decreasing the 

concentration. This is due to the interaction of liquid molecules larger than the 

molecules in the air or a non-polar solvent (Thakur et. al., 2017). The surface tension 

was carried out with the help of an instrument called the KRUSS Easy Dyne 

Tensiometer.  

 

4.1.6 Density 

 

At room temperature (±25 °C), the density of the metal complexes was measured by 

dissolving the complexes in the DMSO solvent at a concentration of M/1000. The 

calculation was done using an instrument called KRUSS Easy Dyne Tensiometer. 
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4.1.7 Viscosity 

 

Viscosity is also an important factor in measuring the resistance to the flow of liquid 

and was measured using an Ostwald viscometer instrument. Complexes were 

measured at room temperature (±25 °C) by dissolving the complexes in a DMSO 

solvent at a concentration of M/1000. 

 

Table 1: Geometry, pH, specific conductivity, surface tension, viscosity, and density data of metal 

complexes 

S.No. Compounds Geometry pH Conductivity 

(μS/cm) 

Surface 

tension 

(mN/m) 

Viscosity 

(cp) 

Density 

(gm/ml) 

1 TC - 6.48 54.10 25.80 19.59 0.882 

2 OTC - 3.55 103.9 50.5 15.54 1.041 

3 Cd-TC/Sal Trig planar 6.16 14.10 59.80 15.43 1.085 

4 Zr-TC/Sal Tetrahedral 6.43 14.70 56.30 16.99 1.048 

5 Mo-TC/Sal Octahedral 4.82 14.90 57.00 19.94 1.042 

6 Pd-TC/Sal Square planar 5.78 17.80 57.5 22.50 1.076 

7 Cd-OTC/Sal Tetrahedral 5.42 23.33 61.80 20.74 0.954 

8 Zr(II)Otc/Sal Tetrahedral 5.46 15.92 60.6 18.94 0.999 

9 Mo-OTC/Sal Octahedral 4.84 243.40 60.5 21.03 0.976 

10 Pd(II)Otc/Sal Square planar 3.43 248.20 59.8 17.04 0.944 

 

4.2 Microanalytical Results 

 

Micro elemental analysis is an analytical method for identifying C, H, N, O, and other 

materials in organic compounds either qualitatively or quantitatively. It is also a cost-

effective method that gives ideas and facts about the purity and composition of 

organic materials. In the present work, elemental microanalysis of metal complexes is 

given in Tables 2 and 3. It also gives a good idea about the proposed stereochemistry 

of the premises. Here, metal complexes show better results with the calculated values 

for the elemental microanalysis. 
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Table 2: Elemental microanalysis and physical measurement data of M-TC/Sal metal complexes 

[M=Cd(II), Zr(II), Mo(III), and Pd(II)] 

Complexes Empirical 

Formula 

Mol. Wt.  Colour m.p(°C) Calculated (found)% 

 

     C H N O 

Cd-TC/Sal C29H28CdN2O10 676.95 Pale Orange 239.5 51.450          4.170       4.140        23.630 

     (51.102)       (5.706)    (4.256)      (14.251) 

Zr-TC/Sal C29H28ZrN2O10 655.76 Black 175.9 53.12            4.30         4.27          24.40 

     (53.06)         (4.26)       (4.26)        (24.39) 

Mo-TC/Sal C29H28MoN2O10 660.50 Pale Yellow 228.5 52.730          4.270        4.240       24.220 

     (42.789)       (4.635)     (4.686)      (17.003) 

Pd-TC/Sal C29H28PdN2O10 670.96 Black 265.5 51.91            4.21          4.18         23.85         

     (51.87)         (4.17)        (4.17)       (23.84)      

 

 

Table 3: Elemental microanalysis and physical measurement data of M-OTC/Sal metal complexes 

[M=Cd(II), Mo(V), Zr(II), and Pd(II)] 

Complexes Empirical 

Formula 

Mol. Wt.  Colour m.p. 

(°C) 

Calculated (found)% 

 

     C H N O M Cl 

Cd-OTC/Sal C29H28CdN2O11 692.95 Gray >260 50.26        4.07        4.04        25.40      16.22     - 

     (50.20)      (4.26)     (4.36)    (25.33)    (16.22)  

Mo-OTC/Sal C29H28MoN2O11 747.41 Brown >260 46.60          3.78       3.75       23.55     12.84     9.49 

     (46.59)       (3.77)     (3.74)   (23.54) (12.83) (9.48) 

Zr(II)Otc /Sal C29H28ZrN2O11 671.76 Black >260 51.85         4.20       4.17        26.20                      13.58     - 

     (51.80)       (4.26)     (4.15)    (26.24) (13.55)  

Pd(II)Otc/Sal C29H28PdN2O11 686.96 Black >260 50.70          4.11       4.08        25.62                     15.49     - 

     (50.67)       (4.08)     (4.17)     (25.84)      (15.24)  

 

4.3 Spectroscopic Results and Discussion 

 

4.3.1FT-IR Spectral Study 

 

4.3.1.1 FT-IR Spectral Study of M-TC/Sal Metal Complexes 

 

The FT-IR spectra give important information about the functional groups associated 

with the metal ions during complexation behavior. In the present study, the complex 

reflects different FT-IR spectral absorption bands, with different functional groups 
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present. The absorption bands of Cd-TC/Sal, Mo-TC/Sal, Zr-TC/Sal, and Pd-TC/Sal 

in the FT-IR spectrum, which lies at 3431 cm
-1

, 3396 cm
-1

, 3183 cm
-1

, and 3407 cm
-1

 

is attributed to the coalescence of stretching band υ(O-H/N-H) (Shaker et al., 2016; 

El-Shwiniy & Zordok, 2018; Maurya et al., 2011; Guerra et al., 2005). In addition, 

other absorption bands were observed at 1770 cm
-1

, (Cd-TC/Sal), 1618 cm
-1

, (Mo-

TC/Sal), 1770 cm
-1

, (Zr-TC/Sal), and 1773 cm
-1

,
 
(Pd-TC/Sal) was assigned to the 

υ(C=O) group (Shakdofa et al., 2017; Singh et al., 2013; Ahmed & Lal, 2013; 

Soliman et al., 2016). The lower frequency absorption bands lie in the region between 

596-604 cm
-1

, assigned to absorption υ(M-O) and υ(M-N) both supporting the mode 

of complexation of the metal ions, and the lowest frequency lie in the region of  440-

499 cm
-1

 (Omar et al., 2017; Bajju et al., 2013; Kumar et al., 2011; Tyagi & Chandra, 

2014). The FT-IR spectrum and the spectral study show the metallation of a metal ion 

with the amide functional group of the nitrogen atom. In this way, the overall data 

showed the interaction of the metal with the ligands. The FT-IR data are presented in 

Tables 4 and 5 and are displayed in (Fig. 5). 
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Figure 5: FT-IR Spectrum of Pd-TC/Sal metal complex 
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Table 4: FT-IR spectral data of Cd-TC/Sal and Mo-TC/Sal metal complexes in cm
-1

. 

Complexes υ(O-H/NH) υ (CH)  

Methyl 

υ(C=O) 

 

υ(C=C) 

Aromatic 

υ(C-N) 

Amide  

υ(C-O) υ(M-O)  υ(M-N)  

Cd-TC/Sal 3431 2935 1770 1518 1457 1128 596 499 

Mo-TC/Sal 3396 2925 1618 1576 1457 1133 602 440 

 

Table 5: FT-IR spectral data of Zr-TC/Sal and Pd-TC/Sal metal complexes in cm
-1

. 

Complexes υ(O-H) or 

υ(N-H) 

υ(C=O) 

 

υ(C=N) 

 

υasym 

(COO
-
) 

υsym 

(COO
-
) 

υ(C-O) υ(M-O)  υ(M-N)  

TC Ligand 3384 1653 1615 1580 1399 1179     -         - 

Zr-TC/Sal 3183 1770 1619 1570 1399 1152   604    476 

Pd-TC/Sal 3407 1773 1635 1528 1402 1177   602    470 

 

4.3.1.2 FT-IR Spectral Study of M-OTC/Sal metal Complexes 

 

The characteristic FT-IR spectral absorption bands for M-OTC/Sal metal complexes 

of oxytetracycline are presented in (Fig. 6) and their characteristics absorption data 

are reported in Tables 6 and 7. Intensive absorption bands of Cd-OTC/Sal, Mo-

OTC/Sal, Zr(II)Otc/Sal, and Pd(II)Otc/Sal in the FT-IR spectrum, which lies at 3432 

cm
-1

, 3437 cm
-1

, 3426 cm
-1

, and 3428 cm
-1

 are attributed to the coalescence of the 

υ(O-H/N-H) stretching bands (Al-Farhan et al., 2021; Kumar et al., 2013; Khalil & 

Al-Seif, 2010; El-Saied et al., 2017). In addition, the IR spectra of metal complexes 

[Cd-OTC/Sal, Mo-OTC/Sal, Zr(II)Otc/Sal, and Pd(II)Otc/Sal] detect absorption bands 

at the region of 1599 cm
-1

, 1628 cm
-1

, 1614 cm
-1

, and 1622 cm
-1

, correspond to the 

υ(C=O) group. Similarly, the absorption bands at 1501 cm
-1

 (Cd-OTC/Sal), 1546 cm
-1 

(Mo-TC/Sal), 1502 cm
-1 

[Zr(II)Otc/Sal], and 1455 cm
-1 

[Pd(II)Otc/Sal] was assigned 

to the aromatic υ(C=C) group (Alias et al., 2013; Rao et al., 2019; Nair et al., 2011). 

Characteristic frequencies at 1178 cm
-1

, 1164 cm
-1

, 1240 cm
-1

, and 1230 cm
-1

, 

recommended the existence of a υ(C-O) group. The absorption bands lying in the 

lower region of (595, 517, 552, 603 cm
-1

) and (503, 463, 482 cm
-1

) were assigned to 

υ(M-O) and υ(M-N) of the [Cd-OTC/Sal, Mo-OTC/Sal, Zr(II)Otc/Sal, Pd(II)Otc/Sal] 

metal complexes. These overall data value supports the coordination mode of the 

metal ions with the nitrogen atom of the ligand during complexation (Ahmed et al., 

2013; Singh & Nakate, 2014; Zhou et al., 2013; Chandra et al., 2011). 
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Figure 6: FT-IR Spectrum of Cd-OTC/Sal metal complex 

 

Table 6: FT-IR spectral data of M-OTC/Sal [M=Cd(II), Mo(V)] metal complexes in cm
-1

. 

Complexes υ(OH/NH)         υ(CH) 

Methyl                

υ(C=O)            υ(C=C) 

Aromatic 

υ(C-N) υ(C-O) υ(M-O)     υ(M-N) 

Cd-OTCSal        3432 2924 1599 1501 1452 1178 595 503 

Mo-OTCSal       3437 2928 1628 1546     1456 1164 517 463 

 

Table 7: FT-IR spectral data of Zr(II)Otc/Sal and Pd(II)Otc/Sal metal complexes in cm
-1

. 

Complexes υ(OH/NH)         υ(CH)   

Methyl              

υ(C=O) υ(C=C) 

Aromatic 

υ(C-N)           υ(C-O)           υ(M-O) 

Zr(II)Otc/Sal         3426 3055 1614    1502   1456 1240 552 

Pd(II)Otc/Sal         3428 2941 1622 1455 1387 1230  603 

 

4.3.2 
1
H & 

13
C-NMR Spectral Study 

 

NMR (Nuclear magnetic resonance) spectroscopy, which provides the number of 

magnetically distinct atoms, where one can determine the number of hydrogen nuclei 

of each type, and also the nature of the immediate environment. The deshielded 
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proton exhibits a signal at a high chemical shift value (δ ppm) and a shielded proton 

in a low chemical shift value region (Pavia, et. al., 2013). 

 

4.3.2.1 
1
H-NMR spectral study of M-TC/Sal metal complexes 

 

The metal complex composition was also determined by 
1
H-NMR spectroscopy, 

which is the most powerful tool for characterizing compounds in a solution. The 

spectral comparison provides information about the binding nature as well as the 

complexation behavior with the metal ions. NMR spectra were measured at room 

temperature and recorded with the help of a DMSO-d6 solvent. In NMR spectroscopy, 

tetramethylsilane (TMS) serves as an internal reference standard, reflecting well-

resolved signals for protons present in metal complexes. The spectrum of the Cd-

TC/Sal metal complex showed a well-resolved and exhibited a signal at 1.495-1.896 

ppm, attributed to the methyl proton, and 2.682-2.963 ppm attributed to the –NCH3 

group. Multiple signals at 6.904-7.539 ppm are due to protons of the aromatic ring 

and the sharp peak observed at 7.645-7.660 ppm is due to –CONH2, while at 9.157 

ppm the signal is due to the –CHO group. In the same way, the Mo-TC/Sal metal 

complex exhibited a signal at 1.041-1.151 ppm responsible for the methyl proton, a 

signal at 2.742-3.007 ppm due to the –NCH3 group. Multiple signals at 6.893-7.479 

ppm are due to the protons in the aromatic ring and the sharp peak observed at 7.583-

7.636 ppm is due to –CONH2, while at 9.255-9.593 ppm, the signal was due to the –

CHO group (Kumar et al., 2013; Mahapatra et al., 2013; Maurya et al., 2011; Moradi-

Shoeili et al., 2013). Similarly, the spectrum of the Zr-TC/Sal metal complex exhibits 

a signal at 2.491-2.523 ppm, attributed to the methyl proton, and 2.5-3.5 ppm is 

responsible for the –NCH3 group. Multiple signals at 6.950-6.991 ppm are assigned to 

the protons of the aromatic ring and the sharp peak observed at 7.504-7.669 ppm is 

due to –CONH2, while at 10.214 ppm, the signal is due to the –CHO group. However, 

in the Pd-TC/Sal metal complex, the peak signal represents the CH3 group at 1.059-

1.226 ppm, the signals as –CH2NH group at 1.527- 1.544 ppm, and the signals at 3.51 

ppm as the -OH group. Peak values of the metal complexes from experimental data 

showed better results than the proposed structure and the recorded spectrum of M-

TC/Sal metal complexes is given in Table 8 (Singh et al., 2013; El-ajaily et al., 2015; 

Khan et al., 2013; Smith & Slawin, 2000). 



44 
 

Table 8: 
1
H-NMR spectral data of Cd-TC/Sal, Mo-TC/Sal, Zr-TC/Sal, and Pd-TC/Sal metal complexes 

Compounds Chemical shift (δ ppm)                      Assignment 

Cd-TC/Sal  Complex                                        1.495-1.896 CH3 

 2.682-2.963 -N-CH3 

 4.955-5.013 -OH 

 6.904-7.539 Aromatic Proton 

 7.645-7.660 -CONH2 

 9.157 -CHO 

 11.356-11.960 -COOH 

Mo-TC/Sal Complex                                        1.041-1.151 CH3 

 1.235 R-CH2-R 

 1.810-1.916 CH3 

 2.346-2.399 Ar-CH 

 2.509-2.517 DMSO 

 2.742-3.007 -N-CH3 

 3.069-3.459 -CH-OH 

 4.939-4.947 -OH 

 6.893-7.479 Aromatic proton 

 7.583-7.636 -CONH2 

 9.255-9.593 -CHO 

 11.352 -COOH 

Zr-TC/Sal  Complex                                         2.491-2.523 CH3 

 2.5-3.5 -N-CH3 

 3.327-3.513 -CH (Methine) 

 2.491-2.523 DMSO 

 6.950-6.991 Aromatic Proton 

 7.504-7.669 -CH (Benzene) 

 10.214 -CONH2 

Pd-TC/Sal  Complex                                         1.059-1.226 CH3 

 1.527-1.544,1.905-1.915 -CH2 

 

4.3.2.2 
1
H-NMR spectral study of the M-OTC/Sal metal complexes 

 

In M-OTC/Sal complexes, 
1
H-NMR spectra were done in DMSO-d6 solvent using 

TMS (tetramethylsilane) as an internal reference standard. The spectra of the Cd-

OTC/Sal metal complex showed a well-resolved and exhibited a singlet at δ=1.670 

ppm, attributed to methyl proton. The signals at δ=2.370-2.553 and 4.284-4.397 ppm, 

are attributed to –CH2 and –NH proton. Multiple signals at δ=6.889-7.355 ppm are 
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due to the protons of the aromatic ring. Similarly, the spectra of the Mo-OTC/Sal 

metal complex showed a well-resolved and exhibited a singlet at δ=1.047-1.082 ppm, 

attributed to methyl proton. The signals at δ=2.551 ppm is attributed to –CH2 proton. 

Multiple signals at δ=7.186-7.205 ppm are due to the protons of the aromatic ring (El-

Sonbati et al., 2019; Hussein et al., 2015;  Kumar et al., 2013; Al-Afyouni et al., 

2016). However, the spectra of the Zr(II)Otc/Sal metal complex showed a well-

resolved and exhibited a singlet at δ=1.047-1.082 ppm, attributed to methyl proton. 

The signals at δ=2.543, 4.418 ppm, are attributed to –CH2 and –NH2 proton. Multiple 

signals at δ=7.023-7.279 ppm are due to the protons of the aromatic ring. Similarly, 

the spectra of the Pd(II)Otc/Sal metal complex showed a well-resolved and exhibited 

a singlet at δ=1.040-1.075 ppm, which are attributed to methyl proton. The signals at 

δ=2.088-2.180 and 3.412-3.465 ppm, are attributed to –CH2 and –NH2 proton. 

Multiple signals at δ=6.632-7.516 ppm are due to the protons of the aromatic ring 

(Nakata et al., 2019; Huynh et al., 2004; Mandal et al., 2017). The experimental data 

showed better results with the proposed structure in the metal complexes and the 

recorded spectrum of M-OTC/Sal metal complexes is given in Table 9. 

 

Table 9: 
1
H-NMR spectral data of Cd-OTC/Sal, Mo-OTC/Sal, Zr(II)Otc/Sal, and Pd(II)Otc/Sal metal 

complexes 

Compounds Chemical shift (δ ppm)                      Assignment 

Cd-OTC/Sal  Complex                                        1.670                                            CH3 

 2.370-2.553                                 -CH2 

 4.284-4.397                                -NH 

 6.889-7.355                                 Ar Proton 

Mo-OTC/Sal Complex                                        1.047-1.082                                CH3 

 2.551                                          -CH2 

 2.503-2.541                                 DMSO 

 3.303-3.339                                -CH-OH 

 4.402                                           -OH                                

 7.186-7.205                                  Ar proton 

Zr(II)Otc/Sal  Complex                                         1.047-1.082                                  CH3 

 2.543                                           DMSO 

 3.399-3.406                                 -NCH3 

 4.418                                           -CH2 

 7.023-7.279                                 Ar proton 

Pd(II)Otc/Sal  Complex                                         1.040-1.075                                  CH3 



46 
 

 2.088-2.180                                 -CH2 

 2.500                                                DMSO 

 3.412-3.465                                 -NCH3 

 6.632-7.516                                   Ar proton 

 

4.3.2.3 
13

C-NMR Spectral Study of the M-TC/Sal Metal Complexes 

 

The 
13

C-NMR spectrum of tetracycline with its respective metal complexes gives 

some useful information about the relationship of metal ions with the complex and 

their geometry. The spectrum also gives an idea of the electronic environment of 

different types of carbon atoms and their molecules. The 
13

C-NMR spectra of the Cd-

TC/Sal metal complex were done in DMSO-d6 solvent. The spectrum delivers a signal 

for –CH=N- at 147.175 ppm. The signal for -CH=CH2 at 137.645 ppm. The signals 

for C=C, Aromatic ring, N(CH3)2, and DMSO-d6 at (122.622-117.671, 131.161-

117.67, 40.799-40.244, and 39.966-39.131) ppm (Mousavi et al., 2020). Similarly, 

signals for Mo-TC/Sal metal complex at (199.513, 172.484-157.742, 111-131, and 

40) ppm are assigned to the phenyl ketone, carbonyl group, aromatic carbon, and 

DMSO-d6 solvent in the range of ppm (Pasayat et al., 2012; de la Mata et al., 1999; 

Nag & Sharma, 2019). Similarly, the signals of the Zr-TC/Sal metal complex at 

(39.166-40.832, 45.5, 113.635-126.652, 182.917) ppm are attributed to the DMSO-d6 

solvent, -N(CH3)2, aromatic ring carbon and carbonyl group -CO- (Hu et al., 2013; 

Steinhuebel et al., 1998) while the Pd-TC/Sal complex at (40, 134.539-137.972) ppm 

contain signals in the range of ppm are attributed to the DMSO-d6 solvent and 

aromatic ring carbon (Huynh et al., 2009; Smrecki et al., 2016). The recorded 

spectrum of M-TC/Sal metal complexes is given in Table 10. 
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Table 10: 
13

C-NMR spectral data of Cd-TC/Sal, Mo-TC/Sal, Zr-TC/Sal, and Pd-TC/Sal metal 

complexes 

Compounds Assignment Chemical shift (δ ppm) 

Cd-TC/Sal  Complex                                        CH=N 147.175 

 CH=CH2 137.645 

 C=C 122.622, 122.561, 121.250, 117.671 

 Aromatic ring 

carbon 

131.161, 131.0, 122, 125.778, 122.622, 121.561, 

121.250, 117.67 

 N (CH3)2 40.799, 40.521, 40.244 

 DMSO 39.966, 39.688, 39.410, 39.131 

Mo-TC/Sal Complex                                        C6H5-C=O 199.513 

 -CHO 188.369 

 C=O 172.484, 172.295, 162.521, 157.824, 157.742 

 -CH=CH2 138.979, 138.789, 132.878 

 Ar-C 130.850, 130.498, 121.817, 121.690, 115.057, 

112.097, 112.068, 111.057 

 -CH=CN 108.650, 97.582 

  R2CO 76.781, 76.369 

 -CH2OH 66.302 

 DMSO 40 

 COCH3 26.049 

 R-CH3 14.069 

Zr-TC/Sal  Complex                                         CH3 21.564 

 CH 34.075-34.958 

 DMSO 39.166-40.832 

 C-C 74.243 

 CH=CH 101.780 

 Ar-C 113.635,116.184,121.874-122.637,125.761,126.652 

 N (CH3)2 45.5 

 C-O 162.426 

 C=O 182.917 

Pd-TC/Sal  Complex                                         CH3 16.841,18.579 

 CH2 22.007,23.022 

 DMSO 40 

 C-C 71.116-71.543 

 C-N 78.579 

 C=C 87.015-87.197 

 Ar-C 134.539-137.972 

 C-O 160.932-162.100 
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4.3.2.4 
13

C-NMR Spectral Study of the M-OTC/Sal Metal Complexes 

 

In the Cd-OTC/Sal complex, 
13

C-NMR spectra were performed in a DMSO-d6 

solvent. The signals observed in the range of 18.394, 40, 55.892 ppm were assigned to 

a methyl group, DMSO solvent, -CH group. The aromatic carbon signal is located in 

the region of 95.513-135.057 ppm. The Zr(II)Otc/Sal metal complex contains signals 

in the range 18.366, 40, 55.821-55.942 ppm have been attributed to the methyl group, 

DMSO solvent, and –CH group (Steinhuebel et al., 1998). The 
13

C-NMR spectra of 

the Mo-OTC/Sal metal complex showed a peak at 15.023 ppm for the methyl group 

and 65.357 ppm for the C-N group, respectively. The signal at 45 ppm was assigned 

to DMSO. The carbon of the aromatic ring appeared at 128.924 ppm (Huma et al., 

2022; Dupe et al., 2015; Kargar et al., 2021). Similarly, The Pd(II)Otc/Sal metal 

complex observed signals in the region of 34.257, 40, 71.543, 84.502, and 137.147 

ppm were assigned to the methylene group, DMSO, -CH, -C=C-, and Ar-C (Smrecki 

et al., 2016). The recorded spectrums of M-OTC/Sal metal complexes are reported in 

Table 11.  

 

Table 11: 
13

C-NMR spectral data of the Cd-OTC/Sal, Zr(II)Otc/Sal, Mo-OTC/Sal, and Pd(II)Otc/Sal 

metal complexes 

        Compounds              Assignment           Chemical Shift (δ ppm) 

Cd-OTC/Sal  Complex CH3            18.394 

      DMSO            40 

                        -CH            55.892 

 Ar-C            95.513, 103.870, 135.057 

Zr(II)Otc/Sal Complex CH3           18.366 

     DMSO           40 

                        CH           55.821-55.942 

Mo-OTC/Sal Complex CH3           15.023 

      DMSO           45 

 C-N           65.357 

 Ar-C           128.924 

Pd(II)Otc/Sal Complex CH2           34.257 

      DMSO           40 

                        CH           71.543 

                        C=C           84.502 

 Ar-C           137.147 
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4.3.3 Mass Spectral Study 

 

4.3.3.1 Mass Spectral Study of M-TC/Sal Metal Complexes 

 

MS (Mass spectrometry) is an instrumental analytical method for measuring the mass-

to-charge ratio (m/z) of a compound in solution. Their proposed formula was 

confirmed to the complexes with the help of a molecular ion peak [M+H]
.+

. In the 

mass spectrum, the pattern indicates the continuous degradation of target compounds 

containing different fragmented ion peaks. The Cd-TC/Sal and Mo-TC/Sal complexes 

showed ESI-MS spectra at m/z 677 and 661 amu indicating a molecular ion peak 

[M+H]
.+

, also denotes the molecular formula weight of the metal complex. The base 

peaks for these complexes appeared at m/z 327 and 427 amu. The remaining peaks in 

the spectrum are called fragment ion peaks with significant intensity (Warad et al., 

2014; Tabrizi et al., 2016; Singh et al., 2013). Similarly, the molecular ion peaks for 

the Zr-TC/Sal and Pd-TC/Sal complexes appear at 656 m/z and 671 m/z while the 

base peaks appear at 445 m/z and 171 m/z, respectively (Ramadan et al., 2013; 

Hernandez et al., 2013). Their proposed formula shows the molecular weight of the 

complex as represented in (Figs. 7-10). 

 

Figure 7: Mass Spectrum of Cd-TC/Sal metal complex 
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Figure 8: Mass Spectrum of Mo-TC/Sal metal complex 

 

Figure 9: Mass Spectrum of Zr-TC/Sal metal complex 
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Figure 10: Mass Spectrum of Pd-TC/Sal metal complex 

 

4.3.3.2 Mass Spectral Study of M-OTC/Sal Metal Complexes 

 

The mass spectra of the four synthesized metal complexes (M-OTC/Sal) are presented 

in (Figs. 11-14). The Cd-OTC/Sal and Mo-OTC/Sal metal complexes showed positive 

ESI mode at m/z 693 and 747 amu, indicating a molecular ion peak [M+H]
.+

, the 

molecular formula weight of the metal complexes, and the base peak at m/z 461 and 

616 amu. The complexes also have an additional peak known as the fragment ion 

peak obtained during the fragmentation of the molecular ion. Fragment ion peaks of 

Cd-OTC/Sal and Mo-OTC/Sal complexes of oxytetracycline lie at m/z (690, 620, 543, 

483, 385, and 300) and (743, 728, 723, 709, 674, 640, 537, 473, and 450), 

respectively. Similarly, the Zr(II)Otc/Sal and Pd(II)Otc/Sal complexes displayed 

positive ESI mode at m/z 671 and 687 amu, indicating a molecular ion peak [M+H]
.+

, 

which signifies the molecular formula weight of the complexes and the base peak at 

m/z 433 and 365 amu. The complexes also have an additional peak known as the 

fragment ion peak obtained during the fragmentation of the molecular ion. The 

fragment ion peaks of Zr(II)Otc/Sal and Pd(II)Otc/Sal complexes are located at m/z 

(665, 536, 502, 453, 425, and 350) and (659, 620, 600, 563, 465, and 443), 
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respectively. All these data values of the molecular ion peak as well as the fragment 

ion peak are consistent with the proposed molecular formula weight of the metal 

complex. 

 

Figure 11: Mass Spectrum of Cd-OTC/Sal metal complex 
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Figure 12: Mass Spectrum of Mo-OTC/Sal metal complex 
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Figure 13: Mass Spectrum of Zr(II)Otc/Sal metal complex 

Figure 14: Mass Spectrum of Pd(II)Otc/Sal metal complex  
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4.3.4 Electronic Absorption Spectroscopy (EAS) 

 

4.3.4.1 EAS of M-TC/Sal Metal Complexes  

 

Electronic absorption spectroscopy is an instrumental analytical tool that helps to 

differentiate the characterization of a metal complex by examining its binding mode 

of action with the ligand (Tabrizi et al., 2015). The paramagnetic or diamagnetic 

nature and geometry of the complexes can be calculated from the magnetic moment. 

Significant electronic spectra were taken using a DMSO solvent within the 

wavelength range of 250-800 nm, at room temperature. The same solvent was used as 

a blank using a 1 cm path length cuvette. The electronic spectrum of Cd-TC/Sal 

showed extremely high sharp peaks at 280, 369, and 768 nm, which was responsible 

for the transitions of π→π* and n→π*, respectively. The diamagnetic Cd-TC/Sal 

complex shows no d-d transition band because its (d
10

) electronic orbital is full, but 

can exhibit metal-ligand-charge transfer (MLCT) denoting the d
10 

system (Pal et al., 

2018; Dilip et al., 2013). The metal complex (Mo-TC/Sal) showed three absorption 

bands at 297, 371, and 447 nm due to the transition of the π→π* and n→π*. The band 

at 447 nm has been attributed to the MLCT (metal-to-ligand charge transfer) 

transition (Khalili & Al-Seif, 2008). Similarly, in the Zr-TC/Sal metal complex, two 

bands at a wavelength of 268 and 342 nm, are assigned to the (π→π*) transition 

inside the aromatic ring and remain unchanged. The next band is observed at 446 nm, 

which is due to the n→π* transition within the –C=N- group chromophore, indicating 

a bathochromic shift. Similarly, in the Pd-TC/Sal metal complex, the bands at 263, 

307, and 343 nm are due to the
 1

A2g→
1
A1g transition to the square planar geometry 

around metal ions (Singh et al., 2013; Aslan et al., 2011). The electronic absorption 

spectra of M-TC/Sal metal complexes are presented in (Figs. 15-16). 
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Figure 15: Electronic absorption spectra of Cd-TC/Sal and Mo-TC/Sal metal complexes. 
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Figure 16: Electronic absorption spectra of Zr-TC/Sal and Pd-TC/Sal metal complexes. 
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4.3.4.2 EAS of M-OTC/Sal Metal Complexes  

 

The electronic spectrum of Cd-OTC/Sal showed an extremely high intense peak at 

267, 322, and 375 nm, assigning to (π→π* and n→π*) transition. Furthermore, the 

diamagnetic Cd(II) complex does not appear to have any d-d transition band because 

its (d
10

) electronic orbital is full but can exhibit ligand-metal-charge transfer (LMCT) 

reflecting the d
10 

system and is capable of giving tetrahedral geometry. The Mo-

OTC/Sal metal complex showed two bands at 264 and 318 nm, attributed to the 

π→π*, n→π* transition, and some charge transferred because of the nitrogen atom as 

an electron donor and the carbonyl group as the receptor. As the complex has an 

octahedral geometry and diamagnetic nature, it is attributed to LMCT (ligand-metal 

charge transfer) from HOMO (highest occupied molecular orbital) phenolic group of 

oxygen to LUMO (lowest unoccupied molecular orbital) of the molybdenum (Omar et 

al., 2017; Maurya et al., 2011). In the Zr(II)Otc/Sal metal complex, three bands are 

seen at wavelengths of 339, 343, and 347 nm, which are determined to be (π→π*) 

transitions inside the aromatic ring and remain unchanged. The fourth band is 

observed at 379 nm and is assigned to the n→π* transition within the –C=N-group 

chromophore, indicating a bathochromic shift. Likewise, in the Pd(II)Otc/Sal metal 

complex, two weak bands were observed at (265, 271, 386, 457) nm, are assigned to 

be (π→π* and n→π*) transitions in the visible region which are assigned to 

1
B1g←

1
A1g and 

1
A2g←

1
A1g d-d transition, respectively. Therefore, these transitions 

denote the complex is diamagnetic and square planar geometry around the metal ions, 

as presented in Table 12 (El-Shwiniy et al., 2018; Sharma et al., 2016; Abdul-ghani 

et al., 2009; Aslan et al., 2011; Naglah et al., 2021). The EAS of M-OTC/Sal metal 

complexes are presented in (Figs. 17-18). 
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Figure 17: Electronic absorption spectra of Cd-OTC/Sal and Mo-OTC/Sal metal complexes 
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Figure 18: Electronic absorption spectra of Zr(II)Otc/Sal and Pd(II)Otc/Sal metal complexes. 
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Table 12: Electronic spectral data of M-TC/Sal and M-OTC/Sal metal complexes  

Complexes Peak positions (nm) Assignments 

Cd-TC/Sal 280, 369, 768 π→π
*
, n→π

*
, LMCT 

Mo-TC/Sal 297, 371, 447 π→π
*
, n→π

*
, LMCT 

Zr-TC/Sal 268, 342, 446 π→π
*
, n→π

*
 

Pd-TC/Sal 263, 307, 343 π→π
*
, n→π

*
 

Cd-OTC/Sal 267, 322, 375 π→π
*
, n→π

*
, LMCT 

Mo-OTC/Sal 264, 318 π→π
*
, n→π

*
 

Zr(II)Otc/Sal 339, 343, 347, 379 π→π
*
, n→π

*
 

Pd(II)Otc/Sal 265, 271, 386, 457 π→π
*
, n→π

*
 

 

4.4 Thermal Analysis 

 

Thermal analysis or thermoanalytical is a useful method that has wide applications in 

various fields in recent times. This method helps to characterize a system at elevated 

temperatures as a function of increasing temperature by determining changes in the 

physicochemical process. The two methods are (a) DTA (differential thermal 

analysis), where the "heat content" is determined as a function of increasing 

temperature, and (b) TGA (thermal gravimetric analysis), where the weight loss is 

determined with increasing temperature (Coats & Redfern, 1963). Thermal 

gravimetric analysis is also a powerful tool for the verification of both the 

compositions and for predicting the stability of metal complexes (Pal et al., 2019). 

This method is used for compounds that exhibit weight loss or gain because of 

different processes such as absorption, decomposition, oxidation and reduction, 

adsorption, and desorption of volatile components. Through thermal behavior, there is 

a great potential for metal ion coordination and comparison as well as free antibiotics 

(ligands), so it can be used in metallodrugs (Ramotowska et al., 2020). A thermal 

analyzer is a device for measuring the thermal incidence of chemicals. The sample 

under analysis is heated under controlled conditions in a given atmosphere of gases 

such as nitrogen, argon, helium, carbon dioxide, etc., and a change in weight for a 

substance with increasing temperature or time is recorded. Here, the temperature can 

be raised at a constant rate to find out the initial weight of a substance, and various 

time intervals or changes in weight as a function of temperatures are re-recorded. 

Thus, a plot of the weight change that occurs against temperature is called a 

thermogravimetric curve or thermogram and the results from a thermogravimetric run 
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can be analyzed (a) the weight vs. temperature curve called a thermogravimetric 

curve, and (b) the rate of weight loss vs. temperature, called the DTG curve. The 

thermodynamic analysis is an important technique for thermodynamically calculating 

the activation parameters of a complex with various decomposition processes such as 

enthalpy of activation (ΔH
*
), Gibb’s free energy of activation (ΔG

*
), and activation 

energy (E
*
), which can be calculated graphically using the help of Coats-Redfern 

relation as follows: 

    
           

  
      

  

   
   

   

  
   

  

       
 

Here, α represents the fraction of sample decomposes with temperature T, [  

 
     

     
)], where     is the initial weight of the sample, Wf is the final weight of the 

sample, Wt is the weight of the sample at T K, E
*
 is the activation energy at kJmol

-1
, A 

is the frequency factor, and β is the linear heating rate,  
  

  
 , and the term    

   

    

  . The plot of     
         α 

    vs 1/T represents a straight line. E
* 

and A are 

calculated via a straight line having intercept and slope, respectively. In the current 

research work, several kinetic parameters were calculated and other parameter 

processes such as E
*
 (activation of energy), ΔS

*
 (entropy of activation), ΔH

*
 (enthalpy 

of activation), ΔG
*
 (Gibb’s free energy of activation) and specific rate constants were 

calculated from the given relations: 

               
  

    
      

  

   
  

                             

              

          
  

        
 

Here, h denotes Plank’s constant,    is the Boltzmann constant, and    is the peak 

temperatures of the DTA curve, respectively (Dilip et al., 2013; Aziz et al., 2012; 

Chaudhary et al., 2019). 
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4.4.1 TGA/DTA Study of M-TC/Sal Metal Complexes  

 

TGA/DTA analysis of metal complexes (M-TC/Sal) was performed at 860 
°
C with a 

linear heating rate of 10 °C/min under a nitrogen atmosphere at room temperature. 

The important objective of TGA is the association of water molecules within the 

metal complex with the help of micro-elemental analysis. Therefore, data analysis of 

thermal decomposition indicates good agreement with the analyzed micro elemental 

data. During research work, the following results were derived.  

 

The thermogram of the metal complex, Cd-TC/Sal is presented in (Fig. 19) which 

shows that the decomposition takes place in three steps at temperatures from 246.89 

°
C - 634.32 

°
C. The decomposition of the first step results in a mass loss of 14.96% (-

3.1143 mg) from 246.89 - 286.67 
°
C due to water molecule loss in the lattice of the 

outer sphere. The second and third decomposition steps range from 341.54 - 398.11
°
C 

and 580.03 - 634.32 
°
C with a % mass loss of 11.7239 % (-11.7239 mg) and 1.9447 % 

(-1.9447 mg). Metal oxide (CdO) in the form of residue leads to the complete loss of 

the ligand from the metal complex in the final step of decomposition. Similarly, a 

thermogram of the Mo-TC/Sal metal complex (Fig. 20) shows that decomposition 

occurs in three steps within a temperature range of 197.38 - 805.15 
°
C. The first 

decomposition step results in a mass loss of 16.899% (-1.6899 mg) from 197.38-

260.48 
°
C due to the loss of water molecules in the lattice of the outer sphere. The 

second and third decomposition steps occur from 721.21 - 742.98 
°
C and 789.75 - 

805.15 
°
C with a % mass loss of 1.6459 % (-16.459mg) and 1.4743% (-1.4743 mg). 

The metal oxide (Mo2O3) as the residue is the complete loss of the ligand from the 

complex in the final step of decomposition.  

 

The thermogram of the metal complex (Zr-TC/Sal) is reported in (Fig. 21) which 

shows that decomposition occurs in a temperature range of 50.7 - 755.48 
°
C in three 

steps. The first decomposition occurs at 50.7 - 108.05 
°
C with a % mass loss of 27.93 

% (-5.9503 mg) due to water molecule loss in the lattice of the outer sphere. At 

249.28 - 302.03 
°
C and 633.79 - 755.48 

°
C, the second and third decompositions 

occurred with a % mass loss of 40.60% (-1.197 mg) and 83.89% (-2.3386 mg). Metal 

oxide (ZrO) as a residue leads to the complete loss of the ligand from the complex in 

the final steps of decomposition. Similarly, the thermogram of the metal complex, Pd-
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TC/Sal is presented in (Fig. 22) which shows that decomposition occurs in two steps 

at temperatures between 164.01 - 769.19 
°
C. The first decomposition step occurred in 

the range of 164.01 - 247.37 
°
C with a % mass loss of 20.60 % (-3.3048 mg) due to 

water molecule loss in the lattice of the outer sphere. A second decomposition step 

occurred in the range 709.75 - 769.19 
°
C with a % mass loss of 65.59 % (-1.4339 mg). 

Metal oxide (PdO) as a residue occurred due to the complete loss of ligands from the 

complex in the final stage of decomposition. 

 

Kinetic Parameter  

 

Thermodynamics with kinetic activation parameters as well as various thermal 

decomposition steps such as ΔH
*
(enthalpy of activation), E

*
 (activation energy), ΔS

*
 

(entropy of activation), and ΔG
*
 (Gibb’s free energy of activation) calculated with the 

help of the Coats-Redfern equation (Dilip et al., 2013; Gaber et al., 2015). The results 

are shown in Tables 13 and 14 and the following are the comments: 

 

1. Activation energies with increasing and higher values indicate higher thermal 

stabilities, caused by the covalent bonding nature.  

2. The value change in ΔS
*
 (negative or positive both) reflects a more ordered 

activated complex than the slow nature of reaction from a normal. 

3. The positive value of ΔH
*
 represents the endothermic decomposition process. 

4. The positive value of ΔG
*
 explains the non-spontaneous nature of the metal 

complex.  

 

Table 13: Kinetics and thermodynamic parameters of the M-TC/Sal metal complexes [M=Cd(II), 

Mo(III), Zr(II), and Pd(II)] 

Complexes     R  A(s
-1

)  Tmax(K)  E
*
(kJ/mol)  ΔS

*
(J/kmol)  ΔH

*
(kJ/mol)  ΔG

*
(kJ/mol)  

Cd-TC/Sal -0.9955 2.05x10
17 

531.18 184.920 120.970 18.505 116.248 

 -0.9986 4.01x10
21 

644.85 263.260 162.240 257.901 153.281 

 -0.9988 1.72x10
24 

892.81 421.170 209.930 413.751 226.324 

Mo-TC/Sal -0.9979 7.55x10
9 

496.22 102.526 -60.040 98.401 128.196 

 -0.9992 7.164x10
61 

1007.15 1196.867 929.110 1188.494 252.745 

 -0.9963 1.59x10
104 

1070.54 2100.898 216.17 2091.997 186.058 

Zr-TC/Sal -0.9993 1.68x10
8

 355.66 60.311 -88.91 57.354 88.976 
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 -0.9981 2.64x10
14

 545.88 158.856 26.14 154.318 140.049 

 -0.9993 7.14x10
10

 979.71 222.049 -47.02 213.903 259.970 

Pd-TC/Sal -0.9942 7.3x10
6

 470.13 70.608 -117.32 66.699 121.854 

 -0.9990 2.71x10
23

 1014.12 4498.82 193.5 4490.378 4294.096 

 

Table 14: Thermal decomposition data of the M-TC/Sal metal complexes [M= Cd(II), Mo(III), Zr(II), 

and Pd(II)] 

Complexes TG range (
°
C)                                            DTA 

 Δm% (cal.) Ti Tf TDTG Mass loss Tdta Peak 

Cd-TC/Sal 14.96 246.89 286.67 258.18 -3.1143 246.89 Exo 

 11.7239 341.54 398.11 371.70 -11.7239 - Exo 

 1.9447 580.03 634.32 619.81 -1.9447 634.11  

Mo-TC/Sal 16.899 197.38 260.48 223.22 -1.6899 197.38 - 

 1.6459 721.21 742.98 734.15 -16.459 - - 

 1.4743 789.75 805.15 797.54 -1.4743 805.15 - 

Zr-TC/Sal 27.93 50.7 108.05 82.66 -5.9503 - - 

 40.60 249.28 302.03 272.88 -1.197   

 83.89 633.79 755.48 706.71 -2.3386 - - 

Pd-TC/Sal 20.60 164.01 247.37 197.13 -3.3048 - - 

 65.59 709.75 769.19 741.12 -1.4339   
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Figure 19: Thermogram of Cd-TC/Sal metal complex 
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Figure 20: Thermogram of Mo-TC/Sal metal complex 
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Figure 21: Thermogram of Zr-TC/Sal metal complex 
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Figure 22: Thermogram of Pd-TC/Sal metal complex 
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4.4.2 TGA/DTA Study of M-OTC/Sal Metal Complexes  

 

In the Cd-OTC/Sal metal complex, the thermogram (Fig. 23) shows that 

decomposition occurs in two steps at temperatures between 362.05 - 680.76 
°
C. The 

first decomposition step occurred from 362.05 - 448.12 
°
C with a % mass loss of 

28.01 % (-0.837 mg), due to water molecule loss in the lattice of the outer sphere. The 

second step of decomposition occurred at 611.13 - 680.76 
°
C with a % mass loss of 

9.58 % (-0.232 mg). Metal oxide (CdO) in the form of residue leads to a complete 

loss of ligands from the complex in the final step of decomposition. Similarly, in the 

Mo-OTC/Sal metal complex, the thermogram (Fig. 24) showed that decomposition 

occurred at three steps of temperature between 374.30 - 508.22 
°
C. The first step of 

decomposition occurred at 374.30 - 397.33 
°
C with a % mass loss of 13.022 % (-0.742 

mg), due to water molecule loss in the lattice of the outer sphere. At temperatures 

(407.21 - 417.17 
°
C and 464.40 - 508.22 

°
C), decomposition of the second and third 

steps occurred with a % mass loss of 17.39 % (-0.548 mg) and 6.08 % (-0.657 mg). 

Complete loss of the ligand from the complex leaving the metal oxide (Mo2O5) as the 

residue in the final step of decomposition.  

 

The thermogram of the Zr(II)Otc/Sal metal complex (Fig. 25) shows that 

decomposition occurs in three steps within a temperature range of 62.42 - 750.58 
°
C. 

The first step of the decomposition step occurred at 62.42 - 132.18 
°
C with a % mass 

loss of 1.19 % (-0.433 mg), due to water molecule loss in the outer region lattice. The 

second and third decomposition steps occurred in the range of 187.96 - 291.00 
°
C and 

490.46 - 750.58 
°
C, with a % mass loss of 1.51 % (-0.350 mg) and 7.56 % (-0.929 

mg). Metal oxide (ZrO) as a residue leads to the complete loss of ligands from the 

complex in the final steps of decomposition. Similarly, the thermogram of the 

Pd(II)Otc/Sal metal complex (Fig. 26) shows that decomposition occurred in two 

steps within a temperature between 45.34 - 252.87 
°
C. The first decomposition step 

occurred between 45.34 - 69.61 
°
C with a % mass loss of 4.31% (-2.535 mg), due to 

water molecule loss in the outer region lattice. The second step of decomposition 

occurred at 218.62 - 252.87 
°
C with a % mass loss of 8.69 % (-2.751 mg). Metal oxide 

(PdO) as the residue is caused by the complete loss of ligands from the complex in the 

final step of decomposition. 
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Kinetic Parameter  

 

Kinetic activation parameters as well as thermodynamics using various thermal 

decomposition steps such as E
*
 (activation energy), ΔH

*
 (enthalpy of activation), ΔS

*
 

(entropy of activation), and ΔG
*
 (Gibb’s free energy of activation) was calculated 

with the help of the Coats-Redfern equation (Montazerozohori et al., 2014; Al-

Resayes, 2010; Ebrahimi-Kahrizsangi & Abbasi, 2008). The results are shown in 

Tables 15 and 16. The results obtained from the following are the comments: 

 

1. The activation energies with increasing and higher values indicate higher 

thermal stabilities, caused by the covalent bonding nature.  

2. The value change in ΔS
*
 (negative) reflects a more ordered active complex 

than the slow nature of reaction compared to a reactant or a normal one. 

3. With the negative value of ΔH
*
, the decomposition process is exothermic. 

4. The positive ΔG
*
 explains the non-spontaneous nature of the metal complex.  
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Figure 23: Thermogram of Cd-OTC/Sal metal complex 
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Figure 24: Thermogram of Mo-OTC/Sal metal complex 
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Figure 25: Thermogram of Zr(II)Otc/Sal metal complex 
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Figure 26: Thermogram of Pd(II)Otc/Sal metal complex 

 

Table 15: Kinetics and thermodynamic parameters of the Cd-OTC/Sal, Mo-OTC/Sal, Zr(II)Otc/Sal, 

and Pd(II)Otc/Sal metal complexes 

Complexes       R  A(s
-1

)  Tmax(K)  E
*
(kJ/mol)  ΔS

*
(J/kmol)  ΔH

*
(kJ/mol)  ΔG

*
(kJ/mol)  

Cd-OTC/Sal -0.99562 1468.354 661.32 341.955 -190.906 -5156.260 121095.353 

 -0.99797 220.740 934.01 168.525 -209.533 -7596.834 188109.305 

Mo-OTC/Sal -0.98404 272.996 655.49 124.544 -204.823 -5325.200 128934.036 

 -0.99555 124.558 686.25 53.708 -25.466 -5651.774 11824.561 

 -0.99473 230.334 763.17 131.444 -207.500 -6213.551 152144.217 

Zr(II)Otc/Sal -0.99501 1727.835 365.86 1273.871 -184.630 -1766.642 65754.543 

 -0.99424 890.887 513.75 968.248 -192.964 -3303.069 95831.954 

 -0.98972 386.589 868.33 641.508 -204.268 -6577.787 170794.268 

Pd(II)Otc/Sal -0.99622 2.99740 324.51 0.63236 -236.490 -2697.330 -74045.570 

 -0.99043 0.77258 504.75 0.30596 -251.430 -4196.190 122714.240 
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Table 16: Thermal decomposition data of the Cd-OTC/Sal, Mo-OTC/Sal, Zr(II)Otc/Sal, and 

Pd(II)Otc/Sal metal complexes 

Complexes                                      TG range (
°
C)                                            DTA 

 Δm% 

(cal.) 

Ti Tf TDTG Mass loss Tdta Peak 

Cd-OTC/Sal 28.01 362.05 448.12 388.17 -0.837 403.75 Exo 

 9.58 611.13 680.76 660.86 -0.232 -  

Mo-OTC/Sal 13.022 374.30 397.33 382.34 -0.742 392.96 Exo 

 17.39 407.21 417.17 413.10 -0.548 415.17 Exo 

  6.08 464.40 508.22 490.02 -0.657 499.45 Exo 

Zr(II)Otc/Sal  1.19 62.42 132.18 92.71 -0.433 - - 

  1.51 187.96 291.00 240.60 -0.350   

  7.56 490.46 750.58 595.18 -0.929 - Exo 

Pd(II)Otc/Sal  4.31 45.34 69.61 51.508 -2.535 - - 

   8.69 218.62 252.87 231.75 -2.751   

 

4.5 Scanning Electron Microscope Study 

 

4.5.1 SEM Study of M-TC/Sal Metal Complexes 

 

The prepared metal complex surface morphology was altered by metal coordination 

with the ligand and evaluated with the help of the SEM studies. The SEM is an 

analytical instrumental technique in which a beam of high-energy forms various 

signals on the surface of a solid material. The obtained signals provide information 

about the shape, size, and arrangement of atoms, ductility, and strength of materials in 

an object. Therefore, this technique is mostly used in metallurgical, geological, 

forensic, and medical science etc. (Pal et al., 2018). The coordination between the 

donor site of the ligand and the metal ions is the difference in the SEM micrograph of 

the ligand and metal complex. Therefore, by changing the metal ions of the metal 

complex, SEM changes the surface morphology in the micrograph (Shakir et al., 

2015). 

 

SEM micrographs of the M-TC/Sal metal complex are presented in (Fig. 27). From 

the micrograph, the Cd-TC/Sal metal complex, the particles show irregular 

morphology with different-sized particles and elucidate that the particles are 
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agglomerated in a structure caused by self-induced crystal growth (Desai et al., 2017). 

Similarly, the Mo-TC/Sal metal complex reflects the size of micro-crystalline and 

nanograins (Divsalar et al., 2016). SEM micrograph of the Zr-TC/Sal metal complex, 

particles showed that the metal complex is micro-crystalline in structure. The 

examination of the single-crystal was shown to be carefully sized nanoscale. In 

addition, a grain-like appearance was seen at low magnification (Selvam et al., 2013; 

Kumari et al., 2009). Similarly, the Pd-TC/Sal metal complex exhibits agglomeration 

of hybrid nanomaterials (Diaz-Sanchez et al., 2019). 

 

 

 

Cd-TC/Sal 
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Mo-TC/Sal 
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Figure 27: SEM micrograph images of M-TC/Sal metal complexes [M=Cd(II), Mo(III), Zr(II) and 

Pd(II)] 

 

4.5.2 SEM Study of M-OTC/Sal Metal Complexes 

 

The micrograph (SEM) of the metal complex, M-OTC/Sal is presented in (Fig. 28). In 

the Cd-OTC/Sal metal complex, the SEM micrograph demonstrates a microsphere-

like structure, aggregated with small nanoparticles, thus forming a large sphere (Gaur 

& Jeevanandam, 2015). The micrograph of the Mo-OTC/Sal metal complex reflects 

the morphology of spherical nanomaterials, the aggregation that increases in size to 

form a large sphere (Mohammadikish et al., 2014). SEM image of Zr(II)Otc/Sal metal 

complex surface particles is smooth, clear, and not aggregated, but upon treatment of 

metal ions, surface particles are rough and completely covered (Prabhu et al., 2015). 

The micrograph of the Pd(II)Otc/Sal metal complex exhibits uniform and spherical 

morphology on its surface (Sobhani & Zarifi, 2015). 
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Figure 28: SEM micrograph images of M-OTC/Sal metal complexes [M=Cd(II), Mo(V), Zr(II), and 

Pd(II)] 

 

4.6 Proposed Molecular Structures and Geometry 

 

Metal complexes play a very important role in proposing molecular geometries, and 

physicochemical, analytical, and spectroscopic techniques. Computer software such 

as CsChem Draw Ultra-12.0.2 and Chem 3D Pro.12.0.2 helps to design the molecular 

structure of the complex. Bond angles, bond lengths, and bond energies of various 

bond parameters can be calculated from the 3D programming software, Chem 3D 

Pro.12.0.2. The current research investigation has shown that the proposed structures 

of the complex were done with the help of the above method. The possible proposed 

structures of the metal complexes under investigation are presented in (Schemes 1-3), 

respectively. 
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4.7 Molecular Modeling Study 

 

To better characterize the molecular structure of the metal complex, geometrical 

optimization, and 3D molecular modeling of the proposed structure of the metal 

complex were performed using Chem 3D Pro. 12.0.2 Version software. The potential 

energy of the complex was the sum of the following relation: E = Estr + Eang + Etor + 

Evdw + Eoop + Eele, where, E= energy value of different types of interaction (Kcal/mol). 

The subscripts str, ang, tor, vdw, oop, and ele denote bond stretching, angle bending, 

torsional deformation, Van der Waal interaction, out-of-plane bending, and electronic 

interactions respectively (Mahapatra et al., 2015; Rao et al., 2019; Khedr et al., 2012; 

Siddappa et al., 2014). 

 

By performing the MM2 calculations, the optimized geometry and structure of the 

metal complex with minimum energy were calculated. The details of bond angles, 

bond lengths, and bond energies of various atoms in the compound are numbered in 

Arabic numerals. The maximum stability of the metal complex is indicated by the 

minimum energy optimization value. Therefore, the actual bond angles and bond 

length are close to the optimum value which confirms the proposed structure of the 

metal complex (Singh, 2013; El-Boraey et al., 2018; Khedr et al., 2011; Singh, 2011) 

 

4.7.1 Molecular Modeling Study of M-TC/Sal Metal Complexes 

 

The proposed molecular geometry of the metal complexes was assured by running 

MM2 functions in Chem 3D Pro.12.0.2 molecular modeling software. Various 

parameters such as bond angles, bond lengths, and bond energies were obtained, 

which are presented in (Figs. 29-32) and Table 17. Cd-TC/Sal and Mo-TC/Sal metal 

complexes were shown to have tetrahedral and octahedral geometries with optimized 

minimum energies of 916.7135 and 928.8980 kcal/mol, respectively. Similarly, the 

tetrahedral and square planar geometries are shown by the Zr-TC/Sal and Pd-TC/Sal 

metal complexes with optimized minimum energy of 1719.6070 and 1729.6133 

kcal/mol, respectively. The obtained geometry of the complexes was also supported 

by various spectral methods. The minimization energy value of complexes signifies 

their maximum stability. Also, the difference in bond length values between metal-
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nitrogen and metal-oxygen in comparison with ligand further denotes their 

coordination. 

 

 

Figure 29: Optimized structure of Cd-TC/Sal metal complex 

 

Figure 30: Optimized structure of Mo-TC/Sal metal complex 
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Figure 31: Optimized structure of Zr-TC/Sal metal complex 

 

Figure 32: Optimized structure of Pd-TC/Sal metal complex 
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Table 17: Selected bond lengths, bond angles, and bond energies of the M-TC/Sal metal complexes 

[M=Cd(II), Mo(III), Zr(II), and Pd(II)] 

Complexes 

 

Atoms Bond 

length 

(Å) 

Optimized 

minimum 

energy 

(kcal/mol) 

Atoms Bond 

Angle  

(°) 

Final 

geometry 

Cd-TC/Sal N(5)-Cd(44) 2.1617 916.7135 N(5)-Cd(44)-O(3) 115.92 Tetrahedral 

 O(3)-Cd(44) 2.1326  N(5)-Cd(44)-O(6) 117.62  

 O(6)-Cd(44) 2.1202  N(5)-Cd(44)-O(4) 92.68  

 O(4)-Cd(44) 2.1250  O(3)-Cd(44)-O(6) 97.99  

    O(3)-Cd(44)-O(4) 116.43  

    O(6)-Cd(44)-O(4) 117.75  

    Cd(44)-O(6)-C(11) 111.90  

    Cd(44)-N(5)-C(9) 105.13  

    Cd(44)-O(4)-C(7) 113.34  

    Cd(44)-O(3)-C(12) 110.10  

Mo-TC/Sal N(5)-Mo(44) 1.9718 928.8980 N(5)-Mo(44)-O(3) 73.08 Octahedral 

 O(3)-Mo(44) 1.9855  N(5)-Mo(44)-O(6) 118.86  

 O(6)-Mo(44) 1.9306  N(5)-Mo(44)-O(4) 95.67  

 O(4)-Mo(44) 1.9338  O(3)-Mo(44)-O(6) 74.66  

    O(3)-Mo(44)-O(4) 75.67  

    O(6)-Mo(44)-O(4) 124.07  

    Mo(44)-O(6)-C(11) 114.33  

    Mo(44)-N(5)-C(9) 109.41  

    Mo(44)-O(4)-C(7) 115.63  

    Mo(44)-O(3)-C(12) 110.55  

Zr-TC/Sal O(28)-Zr(41) 2.0989 1719.6070 O(28)-Zr(41)-O(37) 117.43 Tetrahedral 

 O(25)-Zr(41) 2.0844  O(25)-Zr(41)-O(40) 116.54  

 O(40)-Zr(41) 2.0968  O(25)-Zr(41)-O(37) 119.57  

 O(37)-Zr(41) 2.0831  O(40)-Zr(41)-O(37) 97.53  

    Zr(41)-O(40)-C(36) 110.24  

    Zr(41)-O(37)-C(35) 113.12  

    Zr(41)-O(28)-C(26) 110.36  

    Zr(41)-O(25)-C(17) 108.76  

Pd-TC/Sal O(28)-Pd(41) 1.9186 1729.6133 O(28)-Pd(41)-O(25) 105.41 Square planar 

 O(25)-Pd(41) 1.9067  O(28)-Pd(41)-O(40) 77.24  

 O(40)-Pd(41) 1.9577  O(28)-Pd(41)-O(37) 120.99  

 O(37)-Pd(41) 1.9093  O(25)-Pd(41)-O(40) 76.02  

    O(40)-Pd(41)-O(37) 118.44  
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    O(40)-Pd(41)-O(37) 77.31  

    Pd(41)-O(40)-C(36) 110.32  

    Pd(41)-O(37)-C(35) 111.97  

    Pd(41)-O(28)-C(26) 110.27  

    Pd(41)-O(25)-C(17) 111.25  

 

4.7.2 Molecular Modeling Study of the M-OTC/Sal Metal Complexes 

 

The various data of atoms in the compounds are optimized through MM2 calculations 

are presented in (Figs. 33-36) and Table 18. After geometrical optimization, the 

tetrahedral and octahedral geometries are shown by the Cd-OTC/Sal and Mo-OTC/Sal 

metal complexes with an optimized minimum energy of 923.1740 and 899.3184 

kcal/mol, respectively. Thus, provides stability to the complex. Similarly, the 

tetrahedral and square planar geometries are shown by the Zr(II)Otc/Sal and 

Pd(II)Otc/Sal metal complexes with an optimized minimum energy of 921.7712 and 

915.1880 kcal/mol, respectively. With the help of MM2 calculations, the energy 

optimization was repeated several times to note down the value of optimized 

minimum energy. Hence, the difference values between M-N and M-O compared 

with those of ligands reflect the complexation of ligands with the metal ions 

(Siddappa et al., 2014; Benyei & Sovago, 2003). The computational data showed 

better results for the proposed structure of the metal complex. 
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                  Figure 33: Optimized structure of Cd-OTC/Sal metal complex 

 

 

 

Figure 34: Optimized structure of Mo-OTC/Sal metal complex  
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Figure 35: Optimized structure of Zr(II)Otc/Sal metal complex 

 

 

 

Figure 36: Optimized structure of Pd(II)Otc/Sal metal complex 
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Table 18: Selected bond lengths, bond angles, and bond energies of the M-OTC/Sal metal complexes 

[M=Cd(II), Mo(V), Zr(II),  and Pd(II)] 

Complexes Atoms Bond 

length 

(Å)          

Optimized 

minimum 

energy 

(kcal/mol) 

Atoms Bond 

Angle (°) 

Final 

geometry 

Cd-OTC/Sal    N(5)-Cd(45)     2.162       923.1740       N(5)-Cd(45)-O(3) 116.04            Tetrahedral 

 O(3)-Cd(45)     2.133  N(5)-Cd(45)-O(6) 117.62  

 O(6)-Cd(45)     2.120  N(5)-Cd(45)-O(4) 92.55  

 O(4)-Cd(45)     2.125  O(3)-Cd(45)-O(6) 97.74  

    O(3)-Cd(45)-O(4)            116.72  

    O(6)-Cd(45)-O(4)            117.77  

Mo-OTC/Sal   Mo(45)-Cl(47) 2.295       899.3184      Cl(47)-Mo(45)-Cl(46) 89.96 Octahedral 

 Mo(45)-Cl(46)   2.295        Cl(47)-Mo(45)-N(5) 87.43  

 N(5)-Mo(45)     1.984  Cl(47)-Mo(45)-O(3) 96.97  

 O(3)-Mo(45) 1.963  Cl(47)-Mo(45)-O(6) 104.54  

 O(6)-Mo(45)     1.945  Cl(47)-Mo(45)-O(4) 170.29  

 O(4)-Mo(45)     1.947  Cl(46)-Mo(45)-N(5) 101.05  

    Cl(46)-Mo(45)-O(3) 173.30  

    Cl(46)-Mo(45)-O(6) 94.08  

    Cl(46)-Mo(45)-O(4) 85.86  

    N(5)-Mo(45)-O(3) 78.57  

    N(5)-Mo(45)-O(6) 160.76  

    N(5)-Mo(45)-O(4) 84.78  

    O(3)-Mo(45)-O(6)             85.03  

    O(3)-Mo(45)-O(4)             87.45  

    O(6)-Mo(45)-O(4)             84.53  

Zr(II)Otc/Sal    N(5)-Zr(45)    2.1251          921.7712     N(5)-Zr(45)-O(3) 116.72         Tetrahedral 

 O(3)-Zr(45)    2.0954             N(5)-Zr(45)-O(6)               116.86  

 O(6)-Zr(45)    2.0822  N(5)-Zr(45)-O(4)  89.75  

 O(4)-Zr(45) 2.0885                               O(3)-Zr(45)-O(6) 100.36  

    O(3)-Zr(45)-O(4) 116.89  

    O(6)-Zr(45)-O(4) 117.48  

    Zr(45)-O(6)-C(11)             114.57  

    Zr(45)-N(5)-C(9) 108.29  

    Zr(45)-O(4)-C(7) 118.06  

    Zr(45)-O(3)-C(12)             110.38  

Pd(II)Otc/Sal   O(3)-Pd(39) 1.9146 915.1880 O(3)-Pd(39)-O(5) 118.30 Square planar 

 O(5)-Pd(39) 1.9093  O(3)-Pd(39)-N(4)  69.13  

 N(4)-Pd(39) 1.9824  O(3)-Pd(39)-O(2)  111.90  
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 O(2)-Pd(39) 1.9219  O(5)-Pd(39)-N(4)  71.92  

    O(5)-Pd(39)-O(2) 106.02  

    N(4)-Pd(39)-O(2)  79.99  

    Pd(39)-O(5)-C(10) 113.27  

    Pd(39)-N(4)-C(8) 117.68  

    Pd(39)-O(3)-C(6)  110.34  

    Pd(39)-O(2)-C(11) 110.35  

 

4.8 Antibacterial Sensitivity Study 

 

In recent decades, increased resistance of bacteria to antibiotics has been a global 

health problem. Therefore, metal-based organic coordination has a great interest in the 

field of antimicrobial activity (El-Shwiniy & Sadeek, 2015; Maurya et al., 2011). 

Furthermore, the deactivating character of the ligand can be enhanced by coordinating 

the ligand with metal ions (Musa et al., 2018; Harinath et al., 2013). Complexes show 

high activation due to the interaction of metal ions on the surface of microbes. Here, 

the metal chelates have polar and non-polar properties, making them suitable for entry 

into the cells and tissues by transforming them into lipophilicity and hydrophilicity, 

which can reduce the solubility and permeability of cells. The reduced activity in the 

metal complex may be due to low lipid solubility, pharmacokinetics, and steric factors 

that play the main role in deciding the ability of antibacterial agents (Nair et al., 2011; 

Geeta et al., 2010). Therefore, an attempt was made to increase the antibacterial 

activity with a metal complex of the mixed ligand. 

 

A general experimental analysis suggested that the antimicrobial activities detected a 

significant increase of organic ligands and metal complexes against all bacterial 

pathogens. Antimicrobial studies also proved that the solid metal complexes showed 

incredible importance towards antibacterials due to their biologically active nature. 

The mechanism of an increase in antibacterial activity may be due to the concept of 

Overton’s and Tweedy’s chelation theory. In coordination chemistry, the polarity of 

metal ions will decrease, due to the partial sharing of donor atoms between positively 

charged ions during complex formation within the chelate ring. Therefore, these 

processes enhance the lipophilic character of the central ion, resulting in penetration 

through the lipid layer of microorganisms and ultimately deactivating the cell action 

of microorganisms (El-Shwiniy & Zordok, 2018; Hazra et al., 2017; El-Sherif et al., 
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2012; Kalinowska et al., 2014). A different type of physical parameter of the complex 

indicates the presence of metal ions and enhances their antimicrobial activity. 

Therefore, in the present study, antimicrobial tests were carried out at the 

Microbiology Laboratory of Mahendra Morang Adarsha Multiple Campus, Tribhuvan 

University, Biratnagar, Morang, Nepal. 

 

4.8.1 Antibacterial Sensitivity Study of M-TC/Sal Metal Complexes  

 

The antibacterial sensitivity of the prepared complexes was screened using the 

modified Kirby-Bauer paper disc diffusion method against four different types of 

human clinical pathogenic bacteria: S. aureus (gram-positive), K. pneumonia, E. coli, 

and P. aeruginosa (gram-negative).  The test solutions were prepared by dissolving 

metal complexes in 30% DMSO at four different concentrations (25, 12.5, 6.25, and 

3.125 μg/μL). For antibacterial testing, the first fresh culture of microorganisms was 

prepared with an MHA plate and blank disc. The regenerated and fresh bacterial 

culture was slowly swabbed into sterile media. Blank discs were loaded with the 

calculated amount of the test solution at different concentrations. Amikacin acts as a 

standard positive control, while a blank disc soaked with DMSO is used as a solvent 

control to measure its effectiveness. After performing all the above procedures, the 

loaded plates were placed inside an incubator at 37 °C for 36 h to measure the 

diameter of the zone of inhibition in mm (El-Tabl et al., 2013; El-Ghamry et al., 

2012). 

 

The antibacterial activity results of growth inhibitory data are presented in Tables 19 

and 20 and their illustrated representations are also stated in (Figs. 37-44). The study 

revealed increased antibacterial activity for moderate to better results. By the 

antibacterial testing, it was concluded that all complexes showed better antibacterial 

activity in high concentrations and considerable activity in low concentrations. The 

type of species of microorganisms helps with the intensity of the antibacterial action 

of ligands and their metal complexes. In addition, commercial antibiotics showed 

significantly higher antibacterial activity than the tested complexes (Stojković et. al., 

2018). Here, the parent drug (tetracycline) showed a better inhibitory effect relative to 

the complexes. Antibacterial potency is based on the concept of Overton’s and 

Tweedy’s chelation principle. Chelation theory provides the stability and easy entry of 
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a complex compound into the cell of microorganisms, resulting in the breakdown of 

the cell wall of microorganisms, neutralizing the action of bacteria, and ultimately the 

death of the organism. E. coli of the Mo-TC/Sal complex was found to be much less 

active, whereas S.aureus of the Cd-TC/Sal complex showed better results. Similarly, 

P. aeruginosa of the Zr-TC/Sal and Pd-TC/Sal was found to be less active, whereas 

E.coli of the Pd-TC/Sal complex showed better results. Therefore, all pathogens were 

found to be susceptible to tetracycline. 

 

Table 19: Antibacterial growth data of the Cd-TC/Sal and Mo-TC/Sal metal complexes 

The diameter of the zone of inhibition (in mm) 

Pathogenic Bacteria                  S. aureus                             P. aeruginosa                                   E. coli 

Concentrations (μg/μL) 25 12.5 6.25   3.125 25 12.5 6.25    3.125 25 12.5 6.25    3.125 

Cd-TC/Sal                    28 24 22       16 17 16 15        14 22 21 19       18 

Mo-TC/Sal                    20 18 16       14 12 11 10         9  11 10  9         8 

Amk (30 mcg/disc)  27   21   23  

TC  31   31   31  

DMSO     0    0    0  

 

 

Figure 37: Bar graph of the antibacterial sensitivity of Cd-TC/Sal and Mo-TC/Sal metal complexes at 

25 (μg/μL) concentration 
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Figure 38: Bar graph of the antibacterial sensitivity of Cd-TC/Sal and Mo-TC/Sal metal complexes at 

12.5 (μg/μL) concentration 

 

 Figure 39: Bar graph of the antibacterial sensitivity of Cd-TC/Sal and Mo-TC/Sal metal complexes at 

6.25 (μg/μL) concentration. 
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Figure 40: Bar graph of the antibacterial sensitivity of Cd-TC/Sal and Mo-TC/Sal metal complexes at 

3.125 (μg/μL) concentration. 

 

Table 20: Antibacterial growth data of the Zr-TC/Sal and Pd-TC/Sal metal complexes 

Complexes                                                      The diameter of the zone of inhibition  (mm) 

Pathogenic bacteria                         S. aureus                                   P. aeruginosa                              E. coli 

Concentrations (μg/μL) 25 12.5 6.25 3.125 25 12.5 6.25 3.125 25 12.5 6.25 3.125 

Zr-TC/Sal complex 12   11 10 9 13 12 10 9 13 12 10 8 

Pd-TC/Sal complex 26   24 23 22 14 13 12 10 27 24 23 21 

Amk (30mcg/disc) 18        25        28 

TC  31        31        31 

DMSO   0        0        0 
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Figure 41: Bar graph of the antibacterial sensitivity of Zr-TC/Sal and Pd-TC/Sal metal complexes at 

25 (μg/μL) concentration 

 

 

Figure 42: Bar graph of the antibacterial sensitivity of Zr-TC/Sal and Pd-TC/Sal metal complexes at 

12.5 (μg/μL) concentration 
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Figure 43: Bar graph of the antibacterial sensitivity of Zr-TC/Sal and Pd-TC/Sal metal complexes at 

6.25 (μg/μL) concentration 

 

 

Figure 44: Bar graph of the antibacterial sensitivity of Zr-TC/Sal and Pd-TC/Sal metal complexes at 

3.125 (μg/μL) concentration 
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4.8.2 Antibacterial Sensitivity of M-OTC/Sal Metal Complexes 

 

Three human clinical pathogenic bacterial strains were selected for the antibacterial 

test in the current research study. The strains were S. aureus (gram-positive), E. coli, 

and P. aeruginosa (gram-negative). The test is performed using the Kirby-Bauer 

paper disc diffusion method. 30% DMSO solvent is used for the test solutions. Here, 

DMSO-soaked blank discs serve as solvent control while amikacin serves as a 

standard positive control to measure its effectiveness. The area of inhibition zone of 

the metal complex was compared with the control drug (amikacin) and the parent 

drug tetracycline (Mousavi et al., 2020; Tabrizi et al., 2015; Fiori-Duarte et al., 2019). 

The measured data and results are presented in Tables 21 and 22 and their pictorial 

representation is in (Figs. 45-50). The obtained results showed a better antibacterial 

susceptibility test for the entire metal complex. The study proved the considerable 

antibacterial potency of the synthesized compound against all pathogenic bacteria. 

OTC showed a greater inhibitory effect on the metal complex. The strength of the 

antibacterial activity of complexes is based on the concept of Overton’s and Tweedy’s 

chelation theory. In coordination chemistry, polarity will decrease in complexity due 

to the partial sharing of donor atoms of positively charged metal ions during complex 

formation within the chelate ring. Therefore, these processes enhance the lipophilic 

character of the central ion, help microorganisms penetrate through the lipid layer, 

and ultimately deactivate the cell action (Kavitha & Reddy, 2016).  

 

It is clear from the reported data that Cd-OTC/Sal and Mo-OTC/Sal metal complexes 

show better results at higher concentrations and decrease at lower concentrations. E. 

coli of Zr(II)Otc/Sal and Pd(II)Otc/Sal complexes were found to be less active, while 

S.aureus of Cd-OTC/Sal complex showed better results. Therefore, all pathogens 

were found to be susceptible to the prepared complexes of oxytetracycline. 
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Table 21: Antibacterial growth data of the Cd-OTC/Sal and Mo-OTC/Sal metal complexes 

Complexes 

Pathogenic bacteria 

Diameter of the zone of inhibition in mm 

    S. aureus    P. mirabilis        E. coli 

Concentrations (µg/µL) 50 25 12.5 50 25 12.5 50 25 12.5 

Cd-OTC/Sal 30 28 26 26 24 21 24 23 20 

Mo-OTC/Sal 18 16 15 24 23 21 23 19 18 

Amikacin (30 mcg/ disc)  21   21   14  

OTC (ethanol)  37   33   28  

OTC (DMSO)  41   34   29  

 

 

 

Figure 45: Bar graph of the antibacterial sensitivity of Cd-OTC/Sal and Mo-OTC/Sal metal complexes 

at 50 (µg/µL) concentration. 
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Figure 46: Bar graph of the antibacterial sensitivity of Cd-OTC/Sal and Mo-OTC/Sal metal complexes 

at 25 (µg/µL) concentration. 

 

Figure 47: Bar graph of the antibacterial sensitivity of Cd-OTC/Sal and Mo-OTC/Sal metal complexes 

at 12.5 (µg/µL) concentration. 
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Table 22: Antibacterial growth data of the Zr(II)Otc/Sal and Pd(II)Otc/Sal metal complexes. 

Complexes                                      The diameter of the zone of inhibition (mm) 

Pathogenic Bacteria                  S. aureus                                P. mirabilis                   E. coli 

Concentrations (μg/μL) 50 25 12.5 50 25 12.5 50 25 12.5 

Zr(II)Otc/Sal complex 23 21 20 14 12 10 12 11 10 

Pd(II)Otc/Sal complex 18 17 12 18 13 12 10 9 8 

Amk (30mcg/disc) 21   21 14 

OTC-Ethanol 37   33 28 

OTC–DMSO 41   34 29 

DMSO 0  0 0 

 

Figure 48: Bar graph of the antibacterial sensitivity of Zr(II)Otc/Sal and Pd(II)Otc/Sal  metal 

complexes at 50 (µg/µL) concentration. 
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Figure 49: Bar graph of the antibacterial sensitivity of Zr(II)Otc/Sal and Pd(II)Otc/Sal metal 

complexes at 25 (µg/µL) concentration. 

 

Figure 50: Bar graph of the antibacterial sensitivity of Zr(II)Otc/Sal and Pd(II)Otc/Sal metal 

complexes at 12.5 (µg/µL) concentration. 
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CHAPTER 5 

 

CONCLUSION AND RECOMMENDATIONS 

 

Metal complexes play an important role in the field of coordination chemistry. Simple 

synthetic routes and easy complexation with metal ions have attracted all researchers 

and scientists in the field of coordination chemistry. Currently, metal complexes of 

coordination compounds have attracted much attention due to their wide application 

in various fields such as antitumor, antibacterial, antimitotic, antifungal, antithyroid, 

antimetabolites, antipyretic, and antiviral. They are also used in analytical, 

biomedical, chemical, pollution control, industrial and material science, and 

photochemistry. In the present research study, metal complexes are synthesized from 

an equimolar mixture of primary ligand, secondary ligand, and metal salts by 

continuous stirring and refluxing the mixture. Various physicochemical and 

spectroscopic techniques analyzed the complexes. Antibacterial, as well as molecular 

modeling, is the highlight of this research. 

 

5.1 Conclusion 

 

Today, the modern world suffers from a shortage of antibiotics. Bacterial resistance 

occurs due to misuse and overdose of antibiotics. Therefore, there is an urgent need 

for metal-based-high grade drugs with higher biological activities than traditional 

medicines to treat the diseases of the present condition. In addition to biological 

interest, metal complexes have wide applications in various fields of chemistry. The 

present research aimed at the synthesis of eight metal complexes by refluxing an 

equimolar mixture of the primary ligand (TC or OTC), secondary ligand (Sal.) along 

with the metal salts [M=Cd(II), Zr(II), Mo(III/V), and Pd(II)]. The ligand contains 

donor atoms such as nitrogen or oxygen, which can readily coordinate with the metal 

salts and eventually form a metal complex, which is presented in the scheme of the 

proposed structure of the compound.  

 

The prepared complexes were analyzed through various physicochemical 

measurements such as CHN, pH, conductivity, viscosity, density, surface tension, 
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melting point, color, and density measurement. The spectroscopic method includes 

FT-IR, 
1
H-NMR and 

13
C-NMR, UV/Visible, and ESI-MS, which revealed the 

involvement of nitrogen or oxygen donor atoms with metal ions. Thermal and kinetic 

stability can calculate various parameters of activations: E
*
, ΔS

*
, ΔH

*
, and ΔG

*
 from 

TGA/DTA techniques. The surface morphology of the complexes was obtained with a 

scanning electron microscope (SEM). The geometries of complexes can be identified 

from molecular modeling. The antibacterial potency was performed with the use of 

modified Kirby-Bauer paper disc diffusion techniques against two strains of 

pathogenic bacteria viz. gram-positive and gram-negative. The last two techniques are 

the main features of the research work. 

 

The spectral data revealed the interaction of metal ions through O at C3 and N atom 

of C2 of ring A (TC) and O atom of salicylaldehyde during complex formation. The 

complexes were amorphous solid, colored, and insoluble in water but soluble in 

organic solvents such as DMSO and DMF. A change in color seen during the 

chemical procedures indicates deprotonation during complex formation. The FT-IR as 

well as 
1
H-NMR spectral data supported this fact. Molar conductivity of metal 

complexes value indicated both electrolytic and non-electrolytic in nature. The 

electronic absorption spectral data supported the tetrahedral [Cd-TC/Sal, Zr-TC/Sal, 

Cd-OTC/Sal, Zr(II)Otc/Sal], octahedral [Mo-TC/Sal, Mo-OTC/Sal], and square 

planar [Pd-TC/Sal, Pd(II)Otc/Sal] geometries of the metal complees. This has also 

been supported from the molecular modeling study. From the Redfern equation, the 

activation energy decreases while moving down to another decomposition step 

resulting higher stability. 

 

In this current research, two strains of human clinical pathogenic bacteria were 

selected for their antibacterial study of all the synthesized metal complexes. 

Tetracycline showed a high inhibitory effect on the metal complex. The potency of 

the antibacterial activity of complexes is based on the concept of Overton’s and 

Tweedy’s chelation theory. In coordination chemistry, complexation will decrease the 

polarity due to the partial sharing of donor atoms of positively charged metal ions 

during complex formation within the chelate ring. Therefore, these processes enhance 

the lipophilic character of the central ion, helping microorganisms to penetrate 

through the lipid layer and eventually destroy the cell action and cause death to the 
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microorganisms. Hence, the synthesized metal complex will be new hope for the 

development of better antibiotics in the field of medical science. 

 

5.2 Recommendations 

 

Following are the plans for future studies on metal complexes: 

 To perform antioxidant, anticancer, antifungal, antitoxicity, and in vivo 

antibacterial activities of the metal complexes. 

 To check the minimum inhibitory concentration (MIC) and minimum bactericidal 

concentration (MBC) measurements of the synthesized metal complexes. 

 To obtain a single crystal of metal complexes and to study their geometrical 

structure. 

 To investigate the anticorrosion activity of metal complexes. 

 To prepare the metal-based antibiotics in bulk for their commercial application.  
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CHAPTER 6 

 

   SUMMARY 

 

The thesis entitled “Synthesis, Characterization, and Biological Investigations of 

Heteroleptic Complexes of Tetracyclines and Salicylaldehyde Mixed Ligands” has 

been documented into six chapters. Each chapter has been summarized herein to 

represent all mandatory facts related to the present research work. 

 

Chapter 1 deals with the general introduction of metal complexes of mixed ligand and 

their chemistry with 4d-Transition metal. Biological and other applications of metal 

complexes are also highlighted in this chapter. In addition, brief about the structure 

and chemical information of tetracycline and oxytetracycline are also stated. In this 

chapter, the choices of Metallo-elements are clearly described. There are also main, 

general, and specific objectives within this chapter. The last part of this chapter 

highlights the scope of the current research work. 

 

Chapter 2 explains the detailed literature review of the current research work, which is 

an important part of any research work. Here, the literature review explains a general 

overview of the research. This technique explains pharmaceutical and biomedical 

applications, catalytic applications, and applications in modern technology. The end 

of the chapter deals with surfactant and corrosion inhibition. 

 

Chapter 3 explains the detailed materials or reagents used in the current research 

work. The physical parameters such as CHN, pH, viscosity, conductivity, surface 

tension, and density along with spectral characterization techniques like FT-IR, (
1
H 

&
13

C)-NMR, UV/Vis., and ESI-MS are also described in this chapter. This chapter 

also deals with TGA/DTA, SEM, molecular modeling, and procedures for 

antibacterial testing of the metal complexes. 

 

Chapter 4 explains the results and discussion of the current research work which is the 

important backbone and skeleton part of any thesis. FT-IR spectral studies have 

shown the complexation of donor atoms (nitrogen and oxygen) of tetracycline with 
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metal ions and salicylaldehyde during the complex formation. The coordination bonds 

of the metal ion with nitrogen or oxygen lie at the lowest wavenumber (cm
-1

) range. 

The proposed structure and geometry were obtained from the findings of the UV/Vis 

spectra. TGA/DTA results showed that the complexes have high thermal and kinetic 

stabilities. Here, all tables and figures represent the analyzed data that are positioned 

at appropriate locations in this chapter. Antibacterial and molecular modelings are the 

highlights of this chapter. 

 

Chapter 5 deals with the conclusion of the current research work. Planning for the 

future and recommendations of the current research work were clearly explained in 

this chapter. 

 

Chapter 6 has summarizes all the chapters of the present thesis. 

 

The present research aimed at the synthesis of eight metal complaexes by refluxing an 

eqimolar mixture of the primary ligand (TC or OTC), secondary ligand (Sal) along 

with the metal salts [M= Cd(II), Zr(II), Mo(III/V), and Pd(II)]. The prepared 

complexes were analyzed through various physiochemical measurements such as 

CHN, pH, conductivity, viscosity, density, surface tension, melting point, color. The 

spectroscopic method is also included to characterize the complexes prepared. 
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APPENDIX 

 

Table A1: List of instruments and glassware apparatus 

S.No.   Instruments and Glassware apparatus Source 

1          Heating Mantle Local company 

2          Digital Balance with 4 digits Afcoset Electronic balance 

3          Easydyne Tensiometer KRUSS Company 

4          Conductivity meter TDS Meter TCM 15+ Digital  

5          pH Meter EUTECH Instrument  

6          Magnetic stirrer Labinco L-34 

7          Micro Pipette Merilette 

8          Magnetic beads Local  

9          Beaker Borosil 

10        Pipette pump polylab 

11        Measuring cylinder Borosil 

12        50 and 100 ml R.B. Flask Borosil 

13         Glass adapters Borosil 

14         Condenser Borosil 

15         Desiccator Borosil 

16         vial  Tarsons (Local) 

17         Petridish Borosil 

18         Dropper Borosil 

19         Funnel Borosil 

 

Table A2: List of chemicals and reagents 

S.No.   Chemicals and reagents Source 

1          Tetracycline Sigma Aldrich 

2          Oxytetracycline TCI 

3          Salicylaldehyde, CdCl2.H2O, ZrOCl2.8H2O Loba Chemie Pvt.Ltd 

4          PdCl2, Tryptone soya broth, Nutrient Agar and 

MHA 

Himedia co. 

5          MoCl3 and MoCl5 Alfa Aesar and 

Sigma-Aldrich 
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6          Ethanol                                                                 Merk 

7          Ammonium hydroxide Qualigens 

8          pH buffer capsule Merk 

9          Acetone Merk 

10        Amikacin Himedia co. 

11         Peptone water Himedia co. 

 

Table A3: Solubility data of metal complexes of mixed ligand 

S.No. Complexes Water Methanol CHCl3 DMF Ethanol DMSO 

1       Tetracycline IS IS IS S S S 

2       Oxytetracycline IS IS IS S S S 

3       Salicylaldehyde IS IS IS S S S 

4       Cd-TC/Sal Complex IS IS IS S IS S 

5       Zr-TC/Sal Complex IS IS IS S IS S 

6       Mo-TC/Sal Complex IS IS IS S IS S 

7       Pd-TC/Sal Complex IS IS IS S IS S 

8       Cd-OTC/Sal Complex IS IS IS S IS S 

9       Zr(II)Otc/Sal Complex IS IS IS S IS S 

10     Mo-OTC/Sal Complex IS  IS IS S IS S 

11     Pd(II)Otc/Sal Complex IS IS IS S IS S 

 

IS= Insoluble 

S= Soluble 
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Figure A1: Sample picture of M-TC/Sal and M-OTC/Sal metal complexes. 
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Figure A2: Antibacterial activity against pathogenic bacteria with M-TC/Sal metal complexes. 
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Figure A3: Antibacterial activity against pathogenic bacteria with M-OTC/Sal metal complexes. Note: 

- Concentration (50μg/μL) =1, (25μg/μL) =2, (12.5μg/µL) = 3 
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FT-IR spectral study of M-TC/Sal metal complexes 
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Figure A4: FT-IR spectrum of TC ligand 

4000 3600 3200 2800 2400

-10

0

10

20

30

40

50

60

70

80

90

100

2000 1800 1600 1400 1200 1000 800 600 400

%
 T

ra
n

sm
it

ta
n

ce

2
9

3
5

Wavenumber (cm
-1

)

3
4

3
1

1
7

7
0

1
6

1
4

1
4

5
7

1
3

9
9

1
2

7
6

1
2

2
4

1
1

7
4

1
1

2
8

9
2

5

5
9

6

4
9

9

1
5

1
8

 

Figure A5: FT-IR Spectrum of Cd-TC/Sal metal complex 
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Figure A6: FT-IR Spectrum of Mo-TC/Sal metal complex 
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 Figure A7: FT-IR Spectrum of Zr-TC/Sal metal complex 
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FT-IR spectral study of M-OTC/Sal metal complexes 
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Figure A8: FT-IR Spectrum of Mo-OTC/Sal metal complex. 
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Figure A9: FT-IR Spectrum of Zr(II)Otc/Sal metal complex 
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Figure A10: FT-IR Spectrum of Pd(II)Otc/Sal metal complex. 
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Figure A11:
1
H-NMR Spectrum of Mo-TC/Sal metal complex 

 

Figure A12: 
1
H-NMR Spectrum of Pd(II)Otc/Sal metal complex 
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Figure A13: 
13

C-NMR spectrum of Cd-TC/Sal metal complex 

 

Figure A14: 
13

C-NMR spectrum of Cd-TC/Sal metal complex 
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Figure A15: 
13

C-NMR spectrum of Mo-TC/Sal metal complex 

 

Figure A16: 
13

C-NMR spectrum of Mo-TC/Sal metal complex 

 

Figure A17: 
13

C-NMR spectrum of Zr-TC/Sal metal complex 
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Figure A18: 
13

C-NMR spectrum of Zr-TC/Sal metal complex 
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A new series of mixed ligand complexes of Cd(II) and Mo(V) were successfully synthesized by refluxing the mixture solution of
oxytetracycline hydrochloride (OTC.HCl) with an aqueous and alcoholic solution of metal (M�Cd(II) and Mo(V)) salts and an
alcoholic solution of salicylaldehyde (Sal). +e complexes were characterized by modern analytical and spectral methods such as
elemental microanalysis, pH, conductivity, surface tension, viscosity, melting point, and spectral methods such as FT-IR, NMR,
electronic absorption, SEM, and mass spectrometry. Conductivity measurements of the complexes revealed their electrolytic
nature.+e kinetic and thermal stabilities were investigated using thermogravimetric and differential thermal analysis techniques.
+ermodynamic and kinetic parameters such as E∗, ΔH∗, ΔS∗, and ΔG∗ were calculated from TG curves using the Coats–Redfern
method. Geometry optimization of the proposed structure of the complexes was achieved by running MM2 calculations in a
Gaussian-supported CS ChemOffice 3D Pro.12.0 version software. +e final optimized geometrical energies for respective Cd-
OTC/Sal and Mo-OTC/Sal complexes were found to be 923.1740 and 899.3184 kcal/mol. +e electronic absorption spectral study
revealed a tetrahedral geometry for the Cd-OTC/Sal complex and octahedral geometry for the Mo-OTC/Sal complex. +e
antibacterial sensitivity of the complexes was evaluated against three bacterial pathogens such as S. aureus, E. coli, and P.mirabilis
using the modified Kirby–Bauer paper disc diffusionmethod.+e antibacterial study revealed significant growth inhibitory action
of the complexes.

1. Introduction

+e current interest in the improvement of the functionality
and applicability of metal complexes has become an im-
portant part of coordination chemistry research [1, 2].
Coordination compounds containing metals bound in the
mesh of ligands have a variety of biological functions be-
cause many of them are used in the treatment of diseases in
medical science [3]. Besides their biological functions, they
are also used in chemical sciences as catalysts [4], reaction
templates, and reaction activators [5]. +e chief process for
the fabrication of metal complexes is redox chemistry, where
the metals provide a vacant orbital to the ligand for che-
lation. +e ligand functions as an electron donor and

behaves as a Lewis base. +e formation of the complex is
therefore a simple Lewis acid-base reaction [6]. We have
focused our research intended to address the antibacterial
significance of the metal complexes of the oxytetracycline-
salicylaldehyde mixed ligand. Recently, antibiotic discovery
has become a critical issue in pharmaceutical science due to
the increased risk of drug resistance [7, 8]. Medical science
has established antibiotic therapy for the treatment of
bacterial pathogens, and antibiotics are now considered one
of the core drugs of modern medicine. Over the past few
decades, these drugs have been losing their foundation in
fighting bacteria. +e bacterial strains are changing genomic
characters by mutation process, and they are no longer
affected by used antibiotics that once suppress their growth
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and activity [9]. Several natural antibiotics have lost their
activity, and we need to synthesize laboratory-based anti-
biotics to overcome the antibiotic resistance crisis. +ere-
fore, it can be considered a better option to control disease
outbreaks by metal-based drugs in an effective way [10, 11].
In this research study, the ligands used for heteroleptic
complex formation are oxytetracycline and salicylaldehyde.

Oxytetracycline is a broad-spectrum antibiotic of the
class tetracycline that performs antibiotic functions by
inhibiting protein synthesis in bacteria. It was first isolated
from the soil bacteria Streptomyces rimosus in 1948, patented
in 1949, and came into commercial use in 1950 [12]. It stands
parallel in properties to tetracycline, which is commonly
used as a veterinary antibiotic. In humans, it is used to treat
eye infection trachoma, genital infection, urethritis, chest
infection, psittacosis, and pneumonia. As a veterinary
medicine, oxytetracycline is used for the treatment of in-
fections in animal husbandry and fish farming [13, 14], in
agriculture as a pesticide, and as a dietary supplement for
livestock [15]. In the past few decades, its use as an antibiotic
has become less common due to increased antibacterial
resistance among targeted pathogens. Structurally, oxytet-
racycline (Figure 1) has a naphthacene ring skeleton similar
to tetracycline, with many chromophoric groups responsible
for metal attachment in complex formation. It is a type II
bacterial aromatic polyketide containing one aromatic ring.
+ere is a structural difference between tetracycline and the
presence of a substituent group -OH at the C5 of ring B [16].
+is makes a vast difference in the physiological and bio-
logical profiles of the compounds. In a survey of its toxic
profile, oxytetracycline can complex with Ca and Mg in vivo
in the human body and cause severe physiological defects
[17, 18]. Besides the in vivo physiological defects, it can also
eliminate toxic heavy metals from the human body by
complex formation processes. Almost 50–80% oxytetracy-
cline undergoes excretion in its in vivo use in humans and
animals because of its poorly absorbing nature. +erefore,
the metal interaction chemistry of oxytetracycline can be
considered an important part of research to standardize its
physical and biological profiles.

For the continuation of our ongoing antibiotic research,
this work focused on the synthesis of heteroleptic complexes
using oxytetracycline and salicylaldehyde along with metal
salts. +e complexation behavior was investigated by
physicochemical studies such as melting point, conductivity,
pH, surface tension, viscosity, and density measurements.
+eir structural characterization was further investigated by
spectroscopic studies such as electronic absorption, FT-IR,
NMR, and ESI-MS. +e surface morphology by SEM study
and thermal stability by TGA/DTA study were performed to
parameterize the complexes. +e complexes were screened
for their in vitro antibacterial susceptibility tests with three
clinical pathogens to show their biological significance.

2. Experimental

2.1. Materials and Reagents. All chemicals and reagents
which were used in the research were of analytical reagent
grade (AR) with the highest purity. +e chemicals were

purchased from various chemical agencies and included
oxytetracycline hydrochloride (TCI), salicylaldehyde (Loba
Chemie Pvt., Ltd.), CdCl2.H2O (Loba Chemie Pvt., Ltd.),
molybdenum (V) chloride (Sigma-Aldrich), and MHA
(Himedia). Distilled ethanol was used for the synthesis. +e
glassware used in the research was a high-grade borosilicate
type to provide overall performance and extreme precision.
Double-distilled water was used to wash the equipment.

2.2. Instrumentation. +e C, H, and N contents of the
complexes were recorded using a Euro-E 3000 microanalyzer.
Conductivity measurements were done at 25°C in DMSO
solvent using an auto-ranging/TDS meter TCM 15+ digital
conductivity meter. +e VEEGO ASD-10013 programable
apparatus was used to record the melting point of the complex.
At 25°C±0.1°C, the pH measurement was calculated using a
digital pH meter AN ISO 9001: 2008 certified company in-
strument. Using the ring detachment technique, surface tension
was measured using the help of Kruss K20S Easy Dyne Force
Tensiometer. A PerkinElmer Spectrum II instrument was used
to record the FT-IR spectra using KBr pellets in the wave-
number between 400 and 4000 cm−1. At room temperature,
NMR spectra were recorded from Bruker AvII-400MHz
spectrometer using the solvent DMSO-d6 and TMS (tetrame-
thylsilane) as the reference standard. UV/Vis spectral bands at
10−3M concentration in DMSO were calculated using an in-
strument called Varian Cary 5000 in the range of 200 to
1000nm. ESI-MS spectrometry technique is applied to record
the mass spectra by using a water UPLC-TQD mass spec-
trometer. A PerkinElmer Diamond TG/DTA instrument was
used to evaluate the thermal and kinetic properties of the
complexes at room temperature to 1000°C under a nitrogen
atmosphere with a linear heating rate of 10°C/min. A JEOL
JSM-6390LV scanning electron microscope instrument was
used to detect the surface morphology. +e geometry opti-
mization of the complexes was done with the help of 3D
modeling via Chem3D Pro.12.0 software.

2.3. Synthesis of Complexes. +e metal complexes Cd-OTC/
Sal and Mo-OTC/Sal were prepared by heating the mixture
solution of 20ml oxytetracycline hydrochloride (0.9941 g,
2mmol) in ethanol with 10ml aqueous solution of
CdCl2.H2O (0.4029 g, 2mmol) /10ml alcoholic solution of
MoCl5 (0.5469 g, 2mmol). To this solution, 0.2ml of sali-
cylaldehyde (2mmol) was added and refluxed for 8 h.
Ammonia solution was added dropwise to maintain a pH of
7. Under these conditions, precipitation of the complexes
was formed and filtered, then washed with ethanol, and
finally dried under vacuum desiccators over anhydrous
CaCl2. +e precipitate was then kept in an airtight vial for
further use. +e synthetic route for the metal complexes is
shown in Scheme 1.

Cd-OTC/Sal: yield (75%). Color: gray, M.pt.>260°C,
anal. C29H28CdN2O11 (692.95): calcd. C 50.26, H 4.07, N
4.04, O 25.40; Cd 16.22; found C 50.20, H 4.26, N 4.36, O
25.33, Cd 16.22. IR (KBr pellet, selected bands): ῡmax � 3432
(b, O-H/N-H str.), 1599 (s, C�O str.), 1501 (aromatic, C�C
str.), 1452 (C-N), 1178 (C-O), 595 (M-O), 503 (M-N). UV/
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Vis: λmax � 267, 322, 375 nm. ESI-MS, positive: m/z� 693
[M+H]+. Conductivity: ΛM � 23.33 (μS/cm), pH� 7.42,
density� 0.954 (gm/ml), surface tension� 61.80 (mN/m),
viscosity� 20.74 (cp).

Mo-OTC/Sal: yield (65%). Color: brown, M.pt.>260°C,
anal. C29H27Cl2MoN2O11 (747.41): calcd. C 46.60, H 3.78, N
3.75, O 23.55, Cl 9.49, Mo 12.84; found C 46.59, H 3.77, N
3.74, O 23.54, Cl 9.48, Mo 12.83. IR (KBr pellet, selected
bands): ῡmax � 3437 (b, O-H/N-H str.), 1628 (s, C�O str.),
1546 (aromatic, C�C str.), 1456 (C-N), 1164 (C-O), 517 (M-
O), 463 (M-N). UV/Vis: λmax � 264, 318 nm. ESI-MS, pos-
itive:m/z� 747.41 [M+H]+. Conductivity: ΛM � 243.40 (μS/
cm), pH� 4.84, density� 0.976 (gm/ml), surface
tension� 60.50 (mN/m), viscosity� 21.03 (cp).

2.4. Antibacterial Assessment. +e synthesized metal com-
plexes were tested for their in vitro antimicrobial assessment
which was done at the Microbiology Laboratory of MMAM
Campus, Tribhuvan University, Biratnagar. +e tests were
performed by modified Kirby–Bauer paper disc diffusion on
three pathogens: S.aureus (Gram-positive) and E. coli and P
mirabilis (Gram-negative). +e culture of bacteria was revived
by inoculating the organism in freshly prepared nutrient agar
and kept in an incubator at 37°C for a few hours for complete

growth. For the tests, test solutions were prepared by dis-
solving the synthesized complexes in 30% DMSO at three
different concentrations (50, 25, and 12.5μg/μL) and blank
paper discs of 5mm diameter size with Whatman No. 1 filter
paper cut by a punching machine and sterilized in an auto-
clave. +e MHA media was prepared in an autoclave and
solidified on Petri discs under UV laminar flow to decrease
bacterial contamination. +e fresh revived bacterial culture
was spread on the solidified MHA media, and blank sterilized
discs were also seeded and loaded with 10μL test compounds
under UV laminar flow to decrease their bacterial contami-
nation. One blank disc soaked with DMSO acted as a solvent
control while another amikacin (30μg/disc) acted as a positive
control to compare the effectiveness of the tested compounds.
After performing all these tasks, the loaded Petri plates were
placed in an incubator for up to 24 h at 37°C to note the
diameter of the zone of inhibition measured by the help of the
antibiogram zone measuring scale [19, 20].

3. Results and Discussion

3.1. Physical Characterization. In the present study, the
structure of metal complexes was characterized by various
physicochemical and spectroscopic techniques. At room
temperature, the complexes are colored solid, moisture-free,
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and air-stable and have greater melting points. All the
complexes were soluble in DMSO and DMF, but insoluble in
water.+e complexes were stored in an airtight vial and kept
in vacuum desiccators under anhydrous CaCl2. +e change
in the color of the ligand up to complex formation is the
result of the complexation of the ligand with metal ions,
which is further supported by pH, conductivity, surface
tension, density, viscosity, and melting point. +e TGA/
DTA and electronic absorption denote better results of the
calculated value and conclude a better relationship with the
proposed structure.

3.2. Spectroscopic Characterization

3.2.1. FT-IR Spectral Study. Characteristic IR bands for the
metal complexes and their assignments are presented in
Figures 2 and S1. +e FT-IR spectra of the Cd-OTC/Sal and
Mo-OTC/Sal metal complexes showed characteristic bands
at 3432 cm−1and 3437 cm−1, which may be assigned to the
υ(OH/NH) stretching vibration [21, 22]. Similarly, the –CH3
stretching vibrations appeared at 2924 cm−1 and 2928 cm−1

region [23, 24]. +e strong intensity bands at 1599 cm−1 and
1628 cm−1 are due to the carbonyl (C�O) group band, which
partially overlaps the N-H band appearing as a small doublet
[25, 26]. A band corresponding to the υ(C-N) stretch
appeared at 1452 cm−1 and 1456 cm−1 and was displaced by
coordination with the metallic center. Such behavior of a
band was also found in the literature [27]. At a lower fre-
quency level, the metal complexes show bands at 595 cm−1 &
517 cm−1 and 503 cm−1 & 463 cm−1, which may be due to the
υ(M-O) and υ(M-N) coordination modes, respectively
[28, 29].

3.2.2. 1H-NMR Spectral Study. For further confirmation of
the binding mode of metal ions in the complexes, the 1H-
NMR spectrum in DMSO-d6 solvent was carried out at room
temperature using TMS (tetramethylsilane) as a reference
standard. +e chemical shifts (δ) are measured in ppm units
present in the downfield from TMS [30, 31]. +e 1H-NMR
spectra of the metal complexes are presented in Figures S2
and S3, and the spectral data are presented in Table S1. +e
Cd-OTC/Sal showed spectral peaks at 6.889–7.355 ppm,
attributed to aromatic protons. +ese aromatic protons are
slightly moved up-field and support their coordination of
ligands with metal ions [32]. +e peaks in the region of
4.284–4.397 ppm suggest the peak for the -NH group [33]. A
singlet peak at 1.670 ppm in the spectra of the metal complex
was assigned to the methyl protons. Similarly, the peaks at
2.370–2.553 ppm are assigned to methylene protons [31].
+e Mo-OTC/Sal complex shows a multiplet peak at
7.186–7.205 ppm, assignable to aromatic protons [34]. +e
peak at 1.047–1.082 ppm is due to a methyl group and a
singlet peak at 2.551 ppm is assigned to methylene protons
[35]. Each hydrogen of the aromatic ring observed one
distinct peak at 4.414 ppm [36]. Hence, the values in the
peaks show good agreement with the proposed structure of
the metal complexes.

3.2.3. Mass Spectral Study. +e ESI mass spectrometry is an
instrumental technique for determining the molecular mass
of compounds. It helps to determine the composition and
purity of the compounds. +e mass spectrum provides in-
formation about the stoichiometric compositions of the
compounds. In our study, the mass spectral peaks atm/z 693
and 747.41 amu for the respective Cd-OTC/Sal and Mo-
OTC/Sal complexes are assigned to the molecular ion peak
[M+H].+, and their corresponding base peaks are at m/
z� 461 andm/z� 616, which signify the proposed molecular
formula of the complex [37, 38]. Besides the molecular ion
peak, there are additional peaks called fragment peaks
formed by fragmentation of molecular ion peaks and lie in
the region atm/z 690, 620, 543, 483, 385, and 300 in the Cd-
OTC/Sal complex, and at m/z 743, 728, 723, 709, 674, 640,
537, 473, and 450, respectively, in the Mo-OTC/Sal complex.
+e ESI-MS spectra are presented in Figures 3 and S4.

3.2.4. Electronic Absorption Spectral Study. +e important
electronic absorption spectral bands for metal complexes
were recorded in the 250–800 nm ranges of wavelength at
room temperature in DMSO solvents taking the same sol-
vents as the blank [30]. Electronic absorption spectroscopy is
an analytical instrumental tool for determining the char-
acterization and identification of binding modes for com-
pounds. +e metal complex of Cd-OTC/Sal shows peaks at
267, 322, and 375 may be due to π⟶ π∗, n⟶ π∗ tran-
sitions. +e electronic configuration of the Cd(II) metal
complex was d10, which signifies the absence of any d-d
electronic transition and the bands attributed to the CT
(charge transition), compatible with tetrahedral geometry;
hence, their absorption band spectra contain red and blue
shifts with hyperchromic effect ions [21, 38]. In the same
way, the metal complexes of Mo-OTC/Sal showed peaks at
264 and 318 nm, signifying the π⟶ π∗ and n⟶ π∗
transitions due to the –C�N- and –C�O- groups in the
ligand. Band ∼318 is denoted as the characteristic band of the
ligand. Since the complex is diamagnetic and has an octa-
hedral geometry, it is assigned as a ligand-metal charge
transfer existing from the HOMO of phenolic oxygen to the
LUMO of the molybdenum [39, 40]. All these bands are
presented and assigned in Figure S5.

3.3. 3ermal Study. TGA/DTA studies are used to deter-
mine the composition of materials and also to predict the
thermal and kinetic stability of compounds. +is analysis
was done in the temperature range of 40°C to 860°C under a
nitrogen atmosphere at a linear heating rate of 10°C/min.
TGA/DTA is also an analytical instrumental technique that
determines weight loss or gains due to various processes
such as absorption, adsorption, sorption, or desorption of
volatile components, decomposition, oxidation, and re-
duction reactions. +e TGA curves help the scientist for
profile structural information for new compounds having a
coordination sphere. +e initial decomposition steps in
complexes are an endothermic process that denotes the loss
of water molecules [41, 42].
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+e thermogram of the Cd-OTC/Sal metal complex
showed decomposition at two steps between the temperature
range of 362.05°C–680.76°C. +e weight loss of 28.01%
(−0.837mg) occurred in the first decomposition step in the
temperature range of 362.05°C–448.12°C. +e second

decomposition takes place with a weight loss of 9.58%
(−0.232mg) within the temperature range of
611.13–680.76°C.+e last step of decomposition explains the
complete loss of the ligand from the complex, leaving behind
metal oxide (CdO) as the end product. In the same way, the
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thermogram of the Mo-OTC/Sal showed decomposition in
three steps between the temperature range of
374.30°C–508.22°C. +e weight loss of 13.022% (−0.742mg)
takes place in the first stage of decomposition at a tem-
perature range of 374.30–397.33°C. +e mass losses of
17.39% (−0.548mg) and 6.08% (−0.657) occurred in the
second and third decomposition steps within the temper-
ature ranges of 407.21–417.17°C and 464.40–508.22°C. +e
final residue obtained during the decomposition stage is in
the form of a metal oxide such as Mo2O5. +e thermograms
of the studied complexes are reported in Figures 4 and S6.

3.3.1. Kinetic Parameters. +e thermodynamic and kinetic
parameters of the complexes were obtained using the fol-
lowing Coats–Redfern relation:

ln −
ln(1 − α)

T2  � ln
AR

βE∗
  −

E∗

RT
, (1)

where T represents the temperature observed on the DTG
curve, A and E∗ denote the Arrhenius pre-exponential
factor and activation energy, which can be calculated from
the graphical process. R denotes the universal gas constant
and β is the linear heating rate. Using the equation
y � mx + c, a linear plot on the left-hand side vs. 1/T, whose
slope (−E∗/R) gives the activation energy. Similarly, other
kinetic parameters such as the entropy of activation (ΔS∗),
enthalpy of activation (ΔH∗), and free energy of activation
(ΔG∗) were calculated using the following equations:

ΔS∗ � R ln
Ah

KBT
 , (2)

ΔH∗ � E
∗

− RT, (3)

ΔG∗ � ΔH∗ − TΔS∗. (4)

Here, various decomposition steps of the kinetic and
thermodynamic parameters were calculated and are pre-
sented in Tables 1 and 2 [43]. All the complexes show greater
values and reflect their high thermal stability because of their
covalent bond character. In both complexes, all decompo-
sition steps contain negative entropy of activation, which
clearly shows a nonspontaneous dehydration reaction, and
the positive values of ΔG∗ of all decomposition stages for
both complexes show nonspontaneous nature and ΔH∗ is
negative which indicates the exothermic process, and the
correlation coefficient is shown in the graph indicating a
better fit.

3.4. SEM Study. +e coordination of metal with the ligand
changes the metal complex surface morphology and was
done by SEM (scanning electron microscopy) analysis. SEM
is an important analytical instrumental technique for surface
morphology. +e micrograph shows the size, shape, duc-
tility, strength, and arrangement of an object. +e SEM
micrograph of Cd-OTC/Sal metal complex (Figure 5(a))
exhibits microsphere-like morphology with aggregation of
small nanoparticles, leading to the formation of a large

sphere. Similarly, Mo-OTC/Sal metal complex (Figure 5(b))
shows that the surface morphology is a spherical nano-
material whose aggregation gives rise to an increase in the
size of a large sphere [44–46], as presented in Figure 5.

3.5. Molecular Modeling Study. +e synthesized complexes
were geometrically analyzed and characterized by molecular
simulation processed in CS ChemOffice 3D Pro.12.0 version
software, which gives a better and more accurate assessment
of the theoretical predictions and proposed structure of
molecules. By using the MM2 program, the optimized
structure of the complexes was predicted. Energy optimi-
zation was done repeatedly to obtain the minimum energy
for the proposed geometry [47, 48]. +e Cd-OTC/Sal and
Mo-OTC/Sal metal complexes were reported to have tet-
rahedral and octahedral geometries with final geometrical
energies of 923.1740 and 899.3184 kcal/mol, respectively. By
performing the calculation, bonding parameters such as
bond length and bond angle with their optimized 3D mo-
lecular structures were obtained and are presented in
Table S2 and Figures 6 and 7. +rough this discussion, the
structure of the metal complexes was obtained.+e potential
energy is the sum of all different types of energy:
E� Estr +Ebend +Etor +Evdw +Eoop +Eele, where E’s signify
the energy value for many interactions. Similarly, the
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Figure 4: +ermogram of the Mo-OTC/Sal complex.
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subscripts signify the bond stretching, angle bending, de-
formation angle, van der Waals interactions, out-of-plane
bending, simple bending, and electronic interaction,
respectively.

3.6. Antibacterial Sensitivity Study. Metal complexes (Cd-
OTC/Sal and Mo-OTC/Sal) were screened for their anti-
microbial evaluation using the modified Kirby–Bauer paper

Table 1: Kinetic and thermodynamic parameters of the complexes.

Compounds Step r A (s−1) Tmax (K) E∗ (kJ/mol) ΔS∗(J/k·mol) ΔH∗(kJ/mol) ΔG∗ (kJ/mol)

Cd-OTC/Sal 1 −0.99562 1468.354 661.32 341.955 −190.906 −5156.260 121095.353
2 −0.99797 220.740 934.01 168.525 −209.533 −7596.834 188109.305

Mo-OTC/Sal
1 −0.98404 272.996 655.49 124.544 −204.823 −5325.200 128934.036
2 −0.99555 124.558 686.25 53.708 −25.466 −5651.774 11824.561
3 −0.99473 230.334 763.17 131.444 −207.500 −6213.551 152144.217

Table 2: +ermal decomposition data of the complexes.

Compounds Steps
TG range (°C) DTA

Δm% found Ti Tf TDTG Mass loss Tdta Peak

Cd-OTC/Sal 1 28.01 362.05 448.12 258.18 −0.837 403.75 Exo
2 9.58 611.13 680.76 371.70 −0.232

Mo-OTC/Sal
1 13.022 374.30 397.33 382.34 −0.742 392.96 Exo
2 17.39 407.21 417.17 413.10 −0.548 415.17 Exo
3 6.08 464.40 508.22 490.02 −0.657 499.45 Exo

Cd-OTC/Sal

20kV ×3,500 0000 11 53 SEI5µm

(a)

20kV ×3,500 0000 11 53 SEI5µm

Mo-OTC/Sal

(b)

Figure 5: SEM micrograph of the complexes: (a) Cd-OTC/Sal and (b) Mo-OTC/Sal.

Figure 6: Optimized geometry of the Cd-OTC/Sal complex.

Figure 7: Optimized geometry of the Mo-OTC/Sal complex.
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disc diffusion technique against S. aureus, E. coli, and P.
mirabilis bacterial pathogens. +ree different concentrations
(50, 25, and 12.5 μg/μL) of the complexes were selected for
the study. +e growth inhibition data are presented in

Table 3, and the pictorial representations are reported in
Figures 8–10 and S7. +e study revealed considerable an-
tibacterial potency of the complexes with all bacterial
pathogens. However, the parent drug oxytetracycline has
shown a greater inhibitory effect relative to complexes.
Moreover, the growth inhibitory effect is greater at higher
concentrations of the complexes [49, 50]. Antibacterial
potency of the complexes is based on the chelation theory.
Chelation provides stability of the complex and also provides
access for easy permeation of complex through the lipid
layer of organisms. +is helps in rupturing of the cell wall
and deactivates bacterial action.

4. Conclusions

In summary, the Cd-OTC/Sal and Mo-OTC/Sal complexes
were prepared successfully by coordination of metal ions
with oxytetracycline and salicylaldehyde ligands. +ey
were characterized using various spectral and physico-
chemical techniques. +e spectral analysis revealed co-
ordination of metal ions through O at C3 and the amide N
atom of C2 of ring A of oxytetracycline and O atoms of
salicylaldehydes. +e complexes were found as amorphous
and colored solids that are insoluble in water but soluble in
DMSO and DMF. +e electronic absorption data con-
cluded the tetrahedral and octahedral geometries of the
Cd-OTC/Sal and Mo-OTC/Sal complexes. +is was fur-
ther supported by molecular modeling studies. Antibac-
terial studies revealed significant antibiotic action against
S.aureus, E.coli, and P. mirabilis bacterial pathogens. +e
study showed a better antibiotic effect of Cd-OTC/Sal
compared to Mo-OTC/Sal.

Data Availability

+e authors share the data underlying the findings of the
manuscript.

Table 3: Antibacterial growth data of Cd-OTC/Sal and Mo-OTC/
Sal metal complexes.

Compounds
+e diameter of zone of inhibition inmm
S. aureus P. mirabilis E. coli

Concentration (μg/μL) 50 25 12.5 50 25 12.5 50 25 12.5
Cd-OTC/Sal 30 28 26 26 24 21 24 23 20
Mo-OTC/Sal 18 16 15 24 23 21 23 19 18
Amikacin (30 μg/disc) 21 21 14
OTC (ethanol) 37 33 28
OTC (DMSO) 41 34 29
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Figure 8: Bar graph showing antibacterial sensitivity at 50 μg/μL
concentration.
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Figure 9: Bar graph showing antibacterial sensitivity at 25 μg/μL
concentration.
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Figure 10: Bar graph showing antibacterial sensitivity at 12.5 μg/μL
concentration.
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Abstract

The two new novel heteroleptic complexes of the type [M(II)L1.L2] (M= Zr(II) & Pd(II), L1= Oxytetracycline 
(Otc), and L2 = Salicylaldehyde (Sal)) have been synthesized and analyzed by physical measurements such 
as CHN, pH,and conductivity. The conductivity data revealed the electrolytic nature of Pd(II)Otc/Sal and the 
non-electrolytic nature of the Zr(II)Otc/Sal metal complex of mixed ligand. The structural characterizations 
of the metal complex were approved by spectroscopic analysis methods, such as FT-IR, 1H &13C-NMR, UV/
Visible, and ESI-MS studies. Thermal analysis (TGA/DTA) determines the thermal and kinetic stabilities of 
the metal complexes using a popular Coats-Redfern equation through which the activation parameters can be 
calculated easily. SEM can determine the surface morphology of metal complexes. The selected bond lengths, 
bond angles, final optimized energy, and geometry of complexes were obtained by running an optimization 
task in the 3D molecular modeling software program via Chem 3D Pro. 12.0.2. The final geometrical energy 
was found to be 921.7712 for Zr(II)Otc/Sal and 914.6006 Kcal/mol for Pd(II)Otc/Sal complexes. Based on the 
above study, Zr(II)Otc/Sal complex hastetrahedral geometry and the Pd(II)Otc/Sal complex has square planar 
geometry. The complexes were tested in vitro for antibacterial susceptibility study against various strains of 
clinical pathogenic bacteria such as Staphylococcus aureus (Gram-positive), Proteus mirabilis,and Escherichia 
coli (Gram-negative). For the antibacterial study, the Kirby-Bauer paper disc diffusion techniqueis applied by 
using 50, 25, and 12.5 μg/μL concentrations of the metal complex. All the synthesized complexes were found 
to have good antibacterial susceptibility against all tested pathogens.

Keywords: Antibacterial activity, Heteroleptic complex, Mixed ligand, Oxytetracycline, TGA/DTA.
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Introduction
Diversity in the biochemical behavior of coordination 
compounds containing organic ligands with N, O, 
and S donor atoms has created a great impact on 
pharmacology because many such compounds are 
valuable in chemotherapeutics [1]. In the present day, 
the formation of a metal complex of mixed ligands 
between bioactive ligands (having binding sites) 
and 4d-transition metal (II) ions have gained much 
interest [2]. Coordination chemistry is an important 

property of metal ions that use different ligands 
[3]. Here, metal ions can show an inductive effect 
through the coordination site of the reaction and 
serve as oxidation-reduction via electron transfer 
reaction [4]. The transition metal complexes of the 
mixed ligand are mediators of bio-reaction and the 
technological process of the living organism [5]. In 
addition to biological functions, metal complexes 
are widely used in analytical, oxygen carriers, and 
organic catalysis reactions [6]. Currently, antibiotics 
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are one of the biggest global health threats to the 
modern scientific world. The factors associated with 
antibiotic resistance are compounded by overuse of 
antibiotics, abuse of treatment, and lack of financial 
support for complete treatment [7, 8, 9].

Oxytetracycline (Otc) is a broad-spectrum antibiotic 
of the tetracycline family used to prepare metal 
complexes. The Otc can inhibit protein synthesis for 
fixation on the 30s ribosomal subunit and can apply 
to both veterinary and human medical treatment. 
Because of hydroxyl and amino groups, Otc has both 
an acidic and basic nature [10, 11, 12]. Otc is mostly 
applied on farms and poultry farming. Because of 
its soluble nature, the animal’s body cannot absorb 
the Otc compound [13]. Nearly 10% - 40% is only 
absorbed by animals and the rest 60% - 90% is 
excreted out into the environment, causing negative 
effects on the environment and human beings. 
Currently, anaerobic digestion (AD) is mostly used as 
a cost-effective and environmentally friendly process 
to check manure or sludge. Because of the high 
concentration in manure, the effects of antibiotics on 
AD can be easily investigated [14, 15].

The next compound, salicylaldehyde (Sal) along 
with its derivatives, can strongly coordinate with 
complexes and gives a variety of geometries [16]. 
Besides, their derivatives and diamines can behave as 
a potential catalysts for introducing oxygen into an 
organic compound [17]. Among the transition metal, 
zirconium acts as a homogenous catalyst because 
of its biological and pharmaceutical nature [18]. 
Similarly, palladium is a versatile metal that acts as 
a homogeneous and heterogeneous catalyst with a 
wide range of C-C coupling, hydrocarbon oxidation 
reactions, and C-H functionalization reactions [19, 
20]. Palladium is a suitable metal for metallodrugs 
because of its structural properties that are like those 
with platinum and can exhibit in vitro cytotoxicity 
and their ions in coordination can form square planar 
geometries [21]. Today, many studies have proved 
that Otc is an old-generation antibiotic because of 
its resistance to many pathogenic bacteria [22, 23].
Because of the chelating and biological nature of the 

Zr(II) and Pd(II) complexes, it has been important to 
synthesize and characterize new derivatives of Otc. 

In the current paper, we deal with the preparation 
of complexes by continuous heating and refluxing 
the equimolar mixture of the primary ligand (Otc), 
secondary ligand (sal), and 4d-transition metal salts 
[M=Zr(II) and Pd(II)]. This investigation was further 
extended to physicochemical and spectroscopic 
characterization: FT-IR, 1H &13C-NMR, UV/Visible, 
ESI-MS, TGA/DTA, and SEM. The metal complexes 
were also done through molecular modeling and 
antibacterial susceptibility against various strains of 
bacteria.

Experimental Methods
Materials and reagents
The reagents and chemicals employed for the synthesis 
of metal complexes were of AR grade and were used 
without further purification. The used chemicals such 
as oxytetracycline hydrochloride (TCl), MHA, PdCl2 
(Himedia), ZrOCl2.8H2O, and salicylaldehyde (Loba 
Chemie Pvt. Ltd) were collected from a supplier. 
Distilled ethanol and triple–distilled water were used 
during the synthesis process. High-grade borosilicate 
glassware was used during the research.

Physical measurements
The percentage of CHN was done by a micro analyzer, 
Euro-E 3000 for CHN analysis. pH was measured 
at 25 °C ± 0.1 °C on Eutech Instrument, 2700 pH/
Mv/°C/°F meter. The conductivity was measured 
by a digital conductivity meter called auto-ranging/
TDSmeter TCM 15+ instrument. The instrument 
called VEEGO ASD-10013 programmable measures 
the melting point of the metal complex. In the range 
of 4000-400 cm-1, the FT-IR spectrum was recorded 
by Perkin Elmer Spectrum II instrument under KBr 
pellets.The 1H and 13C-NMR spectra wererecordedon 
a Bruker AvII (400 MHz) instrument using DMSO-d6 
solvent at room temperature. Electronic absorption 
spectra were plotted in the range of 260-280 nm on 
a Varian Cary 5000 instrument in DMSO at 0.001M 
concentration. The ESI-MS spectra were recorded 
using an instrument called a water UPLC-TQD mass 
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spectrometer. At a room temperature of 756 °C, 
the kinetic and thermal stabilities of the complexes 
were calculated from Perkin Elmer Diamond TGA/
DTA instrument with a linear heating rate of 10°C 
under a nitrogen atmosphere. The SEM instrument 
(JEOLJSM-6390 LV) helps to detect the surface 
morphology. Molecular modeling was done through 
the 3D modeling software program, Chem 3D Pro 
12.0.2. Antibacterial activities were performed 
at the microbiological laboratory, Department of 
Microbiology, M. M. A.M. Campus, T.U., Biratnagar, 
Nepal.

Synthesis of the metal complex of mixed ligands
The Zr(II)Otc/Sal and Pd(II)Otc/Sal metal complexes 
were prepared simply as mentioned below. To 10 
ml of aq. Solution of ZrOCl2/ 10% HCl ethanolic 
solution and PdCl2 (0.3565g, 2 mmol) was mixed 
with continuous stirring and heating 70% ethanolic 
solution (20ml) of Otc (0.9945g, 2mmol). To this 
following mixture, salicylaldehyde (0.2 ml, 2 mmol)
was mixed in a drop-wise manner and stirred for an 
hour. The stirred solution was then refluxed for 8 h 
and ammonia solution was added to make a pH of 7, 
resulting in precipitates. The precipitate was filtered 
and then washed with ethanol.Thus, the obtained 

dried precipitate was recrystallized and kept inside 
a vacuum desiccator over anhyd. CaCl2. Finally, 
the dried complexes were stored in a vial for further 
use [24, 25]. The percentage yield was 50-60%. The 
synthetic route for M-Otc/Sal [M=Zr(II), Pd(II)] 
complexes are reported in Scheme 1.

Antibacterialsusceptibility test
Zr(II)Otc/Sal and Pd(II)Otc/Sal complexes were 
screened for their anti bacterial susceptibility test 
with the help of human pathogenic bacteria such as 
Staphylococcus aureus (Gram-positive), Escherichia 
coli, and Proteus mirabilis (Gram-negative). The 
Kirby-Bauer paper disc diffusion method is applied 
for the study. For the test, 30% DMSO solvent of 
various concentrations such as 50, 25, and 12.5 μg/μL 
was selected for the test solution. The blank disc (5mm 
diameter) was prepared from filter paper (Whatman 
No. 1) using a punching machine. In a freshly 
prepared nutrient agar medium, the bacterial culture 
was revived and kept for a few hours in an incubator 
at 37 °C for the complete growth of the organism. 
MHA media, blank paper discs, and Petri plates were 
prepared and sterilized inside the autoclave. Under 
UV laminar flow, the media was solidified to prevent 
the contamination of bacteria. The solidified MHA 
plates were seeded with freshly revived bacteria and 
sterilized blank paper discs. 10 μL of test solutions 
(complex) was loaded into the disc under UV 
laminar flow. To compare the effectiveness of a metal 
complex, amikacin behaves as positive control while 
a blank disc soaked in DMSO as solvent control. 
While doing the above activities, the used plates are 
placed inside the incubatorat 37 °C for 24 h. Finally, 
the antibiogram zone measuring scale measures the 
diameter of the inhibition zone (in mm) [26, 27].

RESULTS AND DISCUSSION
Properties of the complexes
The complexes explained in this current article were 
characterized by physicochemical and spectroscopic 
methods. The satisfactory result obtained from micro 
elemental analysis exhibited that the complexes are of 
a 1:1 molar ratio. Here, all the synthesized complexes 
are thermally stable and are not affected by air and 
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moisture. The change in color during complex 
formation is because of the metallation of metal ions 
with ligands and different electronic transitions like π 
bonding or non-bonding or by the free electron. In the 
presence of auxochrome, the chromophore exhibits 
electronic absorption of the spectrum in the UV/
Visible region and finally gives color to the complexes. 
The solubility behavior of metal complexes was 
investigated using various solvents such as water, 
ethanol, methanol, acetone, chloroform, DMF, and 
DMSO. All the complexes are miscible in DMF and 
DMSO solvents while immiscible in water.

The higher value of conductivity shows a 
complexation behavior of metal ions. The obtained 
data showed that the synthesized metal complexes 
have electrolytic nature. The complex nature of the 
ligand during the formation of the metal complex is 
because of the deprotonation and change in pH. The 
physical and microanalytical measurement data Zr(II)
Otc/Sal and Pd(II)Otc/Sal complexes were reported 
in Table 1.

Spectroscopic parameters
3.2.1 FT-IR spectroscopic study
Figure 1 and S1, show the FT-IR spectrum of the 
Zr(II)Otc/Sal and Pd(II)Otc/Sal complexes, and their 
characteristic absorption data were presented in Table 
2. The intense peaks at 3426 cm-1 and 3428 cm-1, are 
assigned to υ(OH/NH) stretching vibration [28, 29].
The C-H stretching and bending vibration lies in 

the region of 3061 cm-1 and 2941 cm-1 respectively 
[30, 31]. Similarly, the strong absorption bands with 
stretching vibration of the carbonyl (C=O) groupwere 
seen at 1614 cm-1 and 1622 cm-1 regions in the 
spectrum [32, 33]. The aromatic υ(C=C) absorption 
bands are at 1502 cm-1 and 1455 cm-1 respectively 
[34].  The complexes at (1456 and 1387) cm-1are due 
to a characteristic band υ(C-N); this band denotes the 
carbon-nitrogen bond order intermediate between a 
single bond. Thus, metal shows the coordination of 
nitrogen with ions [35]. Similarly, the peak at 1240 
cm-1 and 1230 cm-1 are due to υ(C-O) [36, 37]. In 
addition, the peaks at 552 cm-1 and 603 cm-1, were 
assigned to the υ(M-O) respectively, which is proved 
by the presence of the IR band of the low-frequency 
band of the coordination mode [38, 39].
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Figure 1. The infrared spectrum of the Zr(II)Otc/Sal metal 
complex

Table 1: Physical and microanalytical measurement data of Zr(II)Otc/Sal and Pd(II)Otc/Sal complexes

Complexes Empirical formula Mol.
Weight

Color m.p. Calculated (found)%
C H N O M

Zr(II)Otc/Sal C29H28ZrN2O11 671.76 Black >260 51.85        4.20      4.17       26.20                     13.58
(51.80)      (4.26)    (4.15)   (26.24) (13.55)

Pd(II)Otc/Sal C29H28PdN2O11 686.96 Black >260 50.70         4.11      4.08       25.62                    15.49
(50.67)      (4.08)    (4.17)    (25.84)     (15.24)

Table 2:The infrared spectral absorption data of Zr(II)Otc/Sal and Pd(II)Otc/Sal metal complex in cm-1

Complexes υ(O-H/NH)        υ(CH)  
Methyl             

υ(C=O) υ(C=C) 
Aromatic

υ(C-N)          υ(C-O)          υ(M-O)

Zr(II)Otc/Sal        3426 3055 1614   1502  1456 1240 552
Pd(II)Otc/Sal        3428 2941 1622 1455 1387 1230 603
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1Hand13C-NMR spectroscopic study
The 1H-NMR gives information about the chemical 
shift value and proton environment of the complexes. 
The chemical shift data are reported in Table S1 and 
Figure S2 and S3. In the Zr(II)Otc/Sal metal complex, 
aromatic ring protons are assigned as multiplet 
between δ7.023-7.279 ppm. These protons moved 
upfield slightly to confirm the coordination of metal 
ions with the ligands [40]. A single peak at δ1.047-
1.082 ppm, was assigned to the methyl proton. A 
high-intensity peak at δ2.543 ppm is observed and 
is supposed to be of DMSO solvent and the peak at 
δ3.399-3.406 ppm is assigned to be of –NCH3. In 
the same way, in the Pd(II)Otc/Sal metal complex, 
aromatic ring protons are observed and are assigned 
as multiplet between δ6.632-7.516 ppm [41]. These 
protons moved upfield slightly to confirm the 
coordination of metal ions with the ligands. A single 
peak at δ1.040-1.075 ppm, is assigned to a methyl 
proton. A high-intensity peak observed at δ2.500 ppm 
is supposed to be of DMSO solvent and the peak at 
δ3.412-3.465 ppm is assigned to be of the –NCH3 
group [42]. Hence, all the values in the peak of the 
1H-NMR spectra showed a good relationship with the 
proposed structure of the complexes.

The 13C-NMR spectral study gives knowledge 
regarding the different carbon atoms, mode of 
bonding, and geometry of the complexes. The spectra 
were recorded in the DMSO-d6 solvent and their 
pictorial representation was reported in Figure S4 
and S5 and Table S2. In the 13C-NMR spectra of the 
Zr(II)Otc/Sal metal complex, the carbon resonance 
signals of methyl, DMSO, and CH group appeared at 
δ(18.366, 40, and 55.821-55.942) ppm respectively 
[43]. Similarly, in the Pd(II)Otc/Sal metal complex 
spectra, the signal observed at δ137.147 ppm in 
the spectrum was assigned to the aromatic carbon 
signal, which remains the same in the literature. The 
upfield shift of the carbon signal, which appears at 
δ34.257 ppm confirms the –CH2 group. The signals 
that appeared at δ(40,71.543, and 84.502) ppm in the 
spectra were assigned to be DMSO, -CH, and C=C 
groups respectively [44]. Thus, the (1H and13C)-NMR 
spectra, confirm all measured values of carbon atoms 
to their chemical shift value. 

Mass spectroscopicstudies
ESI-MS spectrum helps to explain the molecular 
weight and structure of ligand and metal complexes. 
The spectrum also displays the fragmentation pattern 
and the most fragile points in the compound. The 
ESI-mass spectrum of the metal complexes recorded 
important peaks and their intensities for molecular 
ions, as shown in Figure 2 and S6. Besides the most 
abundant peaks, there are many fewer abundant peaks 
seen in the spectrum that depends on the ligand. 
The mass spectrum of metal complexes showed a 
well-defined peak at m/z-671 and 687 amu signifies 
molecular-ion peak [M+H]+. assigned to the molecular 
formula of Zr(II)-Otc/Sal and Pd(II)-Otc/Sal metal 
complexes (C29H28ZrN2O11 and C29H28PdN2O11), 
which confirms that the stoichiometry ratio of the 
metal-to-ligand ratio is 1:1. The base peak lies at m/z-
176 and m/z-365 amu respectively in Zr(II)-Otc/Sal 
and Pd(II)-Otc/Sal metal complexes. There is also 
another additional peak called fragment ion peak 
lies near m/z 665, 614, 608, 566, 538, 536, 502, 461, 
and 453 amu in the Zr(II)-Otc/Sal complex, while at 
m/z 659, 620, 600, 563, 510, 443, 426, and 410 amu 
respectively, for the Pd(II)-Otc/Sal metal complex 
[45, 46].

Electronic absorption spectra
The UV/Visible spectroscopy measures the geometry 
of the metal complex and the spectra determine the 
effect of splitting of d-orbital during complexation. 
At room temperature, the significant electronic 
spectral data of Zr(II)Otc/Sal and Pd(II)Otc/Sal 
complexes were measured in DMSO solvent from 
200 to 630 nm using the same solvent as the blank. 
The spectral data and absorption bands were reported 
in Figure S7 and Table S3. The Zr(II)Otc/Sal metal 
complex showed the spectral bands at 379 nm, which 
corresponds to the ligand to metal-charge-transfer 
(Zr→L) or π→π* transition [47, 48]. The Zr(II) 
metal complex has no d-d transition because of its d0 
electronic configuration, and therefore, the complex 
has tetrahedral geometry and diamagnetic nature 
[49]. Similarly, the electronic spectrum of Pd(II) 
complexes showed four bands at 265, 271, 386, and 
457 nm respectively. These are attributed due to 
the intraligand π→π as well as spin-allowed LMCT 
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d-d transition. The complex at 386 nm is attributed 
to the 1A2g→1B1g. The above transitions showed 
that the complex has a diamagnetic nature, and this 
assignment refers that the complex has square planar 
coordination around the metal ions [50, 51, 52, 53].

TGA/DTAanalysis
Thermal gravimetric analysis techniques help to 
determine the thermal behavior of the complexes. 
This technique also deals with decomposition steps, 
temperature range, % weight loss, and decomposition 
products. At room temperature (40.15°C- 755.5°C), 
the analysis was performed with a linear heating 
rate of 10°C/min under a nitrogen atmosphere. The 
data of thermal decomposition was calculated and 
is presented in Table S4, which shows a better result 
than the data for the microanalytical. Consistent 
results were drawn from the current research work. 
In the thermogram of the Zr(II)Otc/Sal complex, the 
decomposition occurs at three different phases with 
a temperature range of 62.42°C - 750.58°C. The first 
decomposition step occurred at 62.42°C - 132.18°C, 

with a mass loss of 1.19% (-0.433 mg), which denotes 
the removal of hydrated water molecules. The 
second step appeared at 187.96°C - 291.00°C, with 
a mass loss of 1.51 % (-0.350 mg). The final phase 
decomposition at 490.46°C -750.58°C, representing a 
total mass loss of 7.56 % (-0.929 mg) from the metal 
complex resulting in a stable residue as metal oxide 
(ZrO+C). Similarly, the thermogram of the Pd(II)
Otc/Sal complex showed that the decomposition 
occurs in two different phases between a temperature 
range of 45.34°C–252.87°C. The first decomposition 
step occurred at 45.34°C–69.61°C, with a mass loss 
of 4.31% (-2.535 mg), which denotes the removal 
of hydrated water molecules. The second step 
appeared at 218.62°C–252.87°C, with a mass loss 
of 8.69% (-2.751 mg) in the ligand from the metal 
complex, leaving behind a stable residue as metal 
oxide (PdO+C). The metal complexes showed their 
thermograms as presented in Figure 3 and S8.

 
 

Figure 2. Mass spectrum of the Pd(II)Otc/Sal metal complex
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Kinetic parameter study
The thermodynamic and kinetic parameters of metal 
complexes having different decomposition phases 
were calculated by using a very well-known equation 
called the Coats-Redfern equation. The parameters 
were graphically plotted with the help of the Coats-
Redfern equation (1).

ln #−
ln(1 − 𝛼𝛼)

𝑇𝑇* + = ln -
𝐴𝐴𝐴𝐴
𝛽𝛽𝐸𝐸∗3 −

𝐸𝐸∗

𝐴𝐴𝑇𝑇  (1)

Here, T denotes the temperature of the DTG curve, 
β and R represent the linear heating rate, and the 
Universal gas constant. A and E* represent the 
Arrhenius pre-exponential factor and energy of 
activation. By applying a straight line equation, 
y = mx + c, a linear plot on the left-hand side vs 1/T, 
gives a slope (-E*/R) that determines the energy of 
activation. Finally, ΔS*, ΔH*, and ΔG*can be calculated 
by applying the successive relations 2-4.

Δ𝑆𝑆∗ = 𝑅𝑅 ln '
𝐴𝐴ℎ
𝐾𝐾+𝑇𝑇

-	 
 

(2)

Δ𝐻𝐻∗ = 𝐸𝐸∗ − 𝑅𝑅𝑅𝑅  (3)

Δ𝐺𝐺∗ = 𝛥𝛥𝐻𝐻∗ − 𝑇𝑇	𝛥𝛥𝑆𝑆∗	  (4)

Here, kinetic and thermodynamic 
parameters of the different decomposition 
phases [54, 55, 56] are calculated 
and reported in Tables 3 and S4. The 
following remarks can be derived from 
the above results:

1. On moving to another 
decomposition step, the 
activation energy (E*) value 
decreases. Hence, the rate 

becomes weak and shows higher stability 
of metal complexes.

2. In most of the decomposition steps, the 
entropy of activation having a negative 
value (-ΔS*) signifies the slowdown of 
the reaction condition having more 
ordered activated complexes and reflects 
spontaneous decomposition steps.

3. The negative value of enthalpy (-ΔH∗)
signifies the exothermic process of 
decomposition.

4. The positive value of Gibb’s free energy 
of activation (-ΔG∗) reflects its non-
spontaneous nature.

Thus, the calculated data of the correlation coefficient 
(r) obtained with the help of the graphical plot signifies 
a better fit with the linear function.

Table 3. Thermodynamic and kinetic parameters of the Zr(II)Otc/Sal and Pd(II)Otc/Sal complexes

Complexes     r  A(s-1) Tmax(K) E*(kj/mol) ΔS*(j/kmol) ΔH*(kj/mol) ΔG*(kj/mol) 
Zr(II)Otc/Sal -0.99501 1727.835 365.86 1273.871 -184.630 -1766.642 65754.543

-0.99424 890.887 513.75 968.248 -192.964 -3303.069 95831.9546
-0.98972 386.589 868.33 641.508 -204.268 -6577.787 170794.268

Pd(II)Otc/Sal -0.99622 2.99740 324.508 0.63236 -236.49 -2697.33 -74045.57
-0.99043 0.77258 504.75 0.305955 -251.43 -4196.19 122714.24
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Figure 3. Thermogram of Zr(II)Otc/Sal metal complex
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SEM study of M(II)-Otc/Sal metal complexes
SEM (scanning electron microscopy) is an instrumental 
method that gives knowledge regarding the surface 
morphology comparison of metal complexes. The 
unique characteristics of the micrograph will indicate 
the shape, size, arrangement, ductility, and strength of 
the metal complexes. The micrograph of Zr(II)Otc/Sal 
complex (a) displays the surface particles are clear, 
smooth, and not aggregated, but besides the metal 
ion, the surface particles become rough and fully 
covered [57]. Similarly, Pd(II)Otc/Sal metal complex 
(b) revealed that the complex exhibits uniform and 
spherical morphology on its surface [58], and is 
presented in Figure 4.

Molecular Modeling
Molecular modeling investigates the clear and deep 
geometry of the proposed structure of the complex. 
Here, the modeling was performed througha 3D 
modeling software called the Chem 3D Pro12.0.2 
program. After geometrical optimization, the 
complexes Zr(II)Otc/Sal and Pd(II)Otc/Sal have 
tetrahedral and square planar geometries with final 
geometrical energies of 921.7712 and914.6006 (kcal/
mol), resulting in stable stability. The optimized 
structures are shown in Fig.-S9 and S10. With the 
help of the MM2 program, energy minimization was 
repeated many times to note the minimum energy 
value. The difference in the values of M-N and M-O 

in the complexes further shows the metallation of 
ligands with the metal ions [59]. The computational 
findings showed that the proposed structure and 
geometry of complexes are in better agreement with 
the literature. Table S5 represents the data of selected 
bond length, bond angle, final optimized energy, and 
geometry of the metal complexes.

Swiss ADME study
The web tool server (Swiss ADME) is used to 
calculate the parameters such as absorption, 
distribution, metabolism, and excretion as well 
as physicochemical properties [60, 61]. By this 
computation, the lipophilicity, pharmacokinetics, 
drug-likeness, and medicinal chemistry of the 
compound are depicted in Figure S12 and S13 [62]. 
Here, the drug-likeness is estimated as whether the 
molecule is considered an oral drug according to 
its availability. Pharmacokinetics properties such as 
BOB (Blood-brain barrier), GIA (gastrointestinal 
absorption), and penetration through P-gp substrate 
were studied and compared with oxytetracycline and 
salicylaldehyde as a controlled drug. When compared 
to the allowed value for polarity TPSA (Total polar 
surface area -217.15 Å), lipophilicity (log Po/W < 1), 
solubility (log S < 1), size (MW- 671.76 g/mol), log 
Kp(skin permeation-10.27 Cm/S). These all values 
are reported in Table 6. The above metal complexes 
showed calculated values within these limits. Finally, 

     
(a)                                                                           (b)

Figure 4. SEM micrograph of Zr(II)Otc/Sal and Pd(II)Otc/Sal metal complexes

Zr(II)Otc/Sal Pd(II)Otc/Sal
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the complexes showed a low GIA (gastrointestinal 
absorption potential) and ability to cross the BBB 
(blood-brain barrier). These results eventually led to 
the conclusion that the prepared complexes may be 
a better candidate as an antibacterial drug soon [63]. 
The predicted description showed that the complexes 
have good lipophilicity and human intestinal 
absorption. In addition, it is easy to pass through the 
BBB, inhibiting various CYP metabolic enzymes to 
act as β-glycoprotein substrates, and ultimately has 
drug-like properties as adopted by such as Lipinski, 
Ghose, Egan, and Muegge. This rule does not violate 
the test [64].

Antibacterial Susceptibility Study
The in vitro antibacterial susceptibility activities of 
Zr(II)Otc/Sal and Pd(II)Otc/Sal metal complexes 
were done by measuring the zone of inhibition via the 
Kirby-Bauer paper disc diffusion technique [65, 66]. 
For the antibacterial test, two strains of bacteria were 
selected: Staphylococcus aureus (gram-positive), 
Escherichia coli, and Proteus mirabilis (gram-
negative). In DMSO solvent, the three different 
concentrations (50, 25, 12.5 μg/μL) were prepared 
from the metal complex. These concentrations were 
selected for their antimicrobial activity. The data for 
the growth inhibitionz one is presented in Table 4 
along with bar graphs as shown in Figures 5, 6, 7, 
and S11. To differentiate the efficiency of the targeted 
complex, amikacin (30 mcg/disc) acts as the positive 
control while the blank disc soaked in DMSO is the 

negative control. The observation of all the complexes 
showed better results at higher concentrations and 
considerable activity at a lower concentrations. 
Hence, the in vitro antibacterial activity showed that 
the complexes are bacteriostatic. The intensity of the 
antibacterial action of ligands and complexes depends 
upon the type of species of microorganisms. The tested 
complexes significantly showed lower antibacterial 
activity compared to commercial antibiotics [67, 68]. 
From the Table, Zr(II)Otc/Sal complex shows more 
reactive than Pd(II)Otc/Sal complex. Thus, the above 
complexes show better activity against the tested 
strains of bacteria. 

The effect of metal ions on the surface of the cell 
membrane of an organism determines the high activity 
of the complex. Here, metal chelates contain both polar 
and non-polar groups that help for easy permeation 
into the cell and tissues of microorganisms, causing 
the decrease of the biochemical potential of the cell 
[69]. These antibacterial findings in our research 
work will be new hope for the development of more 
efficient metal-based therapeutic drugs in the future.

Table 4. The data of antibacterial growth inhibition zone of Zr(II)Otc/Sal and Pd(II)Otc/Sal metal complexes

Complexes                                                            The diameter of the zone of inhibition in (mm)
Pathogenic Bacteria                           S. aureus                                  P. mirabilis                                    E. coli
Concentrations (μg/μL) 50 25 12.5 50 25 12.5 50 25 12.5
Zr(II)Otc/Sal complex 23 21 20 14 12 10 12 11 10
Pd(II)Otc/Sal complex 18 17 12 18 13 12 10 9 8
Amk (30mcg/disc)                    21 21  14
OTC-Ethanol 37 33  28
OTC-DMSO 41 34  29
DMSO 0 0  0
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Figure 5. Bar graph for the antibacterial activity study of 
metal complexes at 50 µg/µL concentration.

Figure 6. Bar graph for the antibacterial activity study of 
metal complexes at 25 µg/µL concentration.

Figure 7. Bar graph for the antibacterial activity study of 
metal complexes at 12.5 µg/µL concentration.

CONCLUSION
The current article deals with the successful synthesis 
of two novel metal complexes (Zr(II)Otc/Sal and Pd(II)
Otc/Sal) of the mixed lig and with the complexation of 
oxytetracycline, salicylaldehyde along with the metal 
ions. The formation of the synthesized complexes was 
monitored by physical and spectral methods. Metal 
complexes are colored, amorphous, soluble in organic 
solvents (DMSO and DMF), and insoluble in water.
The FT-IR, UV/Vis., and NMR spectral data reveal 
the complexation of metal ions with amide N atom 
of C2 and O at C3 of oxytetracycline in ring A and O 
atom of salicylaldehyde. Electronic absorption data 
showed tetrahedral and square planar geometries for 
the Zr(II)Otc/Sal and Pd(II)Otc/Sal metal complexes. 
The selected bond lengths, bond angles, and optimized 
bond energies obtain from the 3D modeling software 
also suggest the above geometry. From the Coats-
Redfern equation, the activation energy decreases 
on moving to another decomposition step, so the 
rate becomes weaker and the metal complexes show 
higher stability. The negative value of the activation 
energy indicates the slowness of the reaction condition 
and indicates the spontaneous decomposition steps. 
SEM images characterize the surface morphology 
of the metal complexes. The antibacterial evaluation 
showed significant antibiotic action against human 
clinical pathogens. The prepared complexes also 
showed antibacterial activity. Here, Zr(II)Otc/Sal 
metal complex revealed a better antibiotic effect 
than Pd(II)Otc/Sal. Therefore, these research works 
have created a golden opportunity for researchers and 
chemists to develop a more potent drug in the field 
of pharmaceutical science and also for the welfare of 
mankind.
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ABSTRACT 

The metal complexes of Cadmium and Molybdenum (II) were synthesized by refluxing equimolar mixtures of Tetracycline (Tc) as 
primary ligand and Salicylaldehyde (Sal) as a secondary ligand with M (II) salts (M = Cd & Mo) in ethanol media. The metallation of 
two exclusive ligands with Cd & Mo was monitored by the observation of change in color, surface tension, and conductivity. The 
stoichiometric ratio of the synthesized complexes was carried out using the physicochemical approach like elemental microanalysis 
(CHN), melting point, surface tension, conductivity measurement. The spectroscopic methods like FT-IR, 1H & 13C-NMR spectroscopy, 
UV/Vis, Mass spectrometry techniques. The surface structure of the complex was carried out through scanning electron microscopy 
(SEM). The thermodynamic and kinetic studies were carried out via TGA/DTA curves through which ∆E*, ∆H*, ∆S* & ∆G* parameters 
of several decomposition stages were evaluated by Coats-Redfern equation. The consequences of elemental microanalysis signify 
that these metal complexes of the mixed ligand are determined to have a 1:1 metal-to-ligand molar ratio. Molecular modeling gives 
geometry of the complex which was accomplished through Cs-Chem Office software program. The antibacterial activity study was 
done by Kirby- Bauer Paper disc diffusion techniques with the help of using S. aureus, E. coli, & P. aeruginosa clinical bacterial 
pathogens. All synthesized metal complexes showed good consequences in opposition to the selected clinical pathogenic bacterias. 

Keywords: Antibacterial activity, metal complexes, molecular modeling, tetracycline, thermal analysis. 

 
INTRODUCTION 

n the field of coordination chemistry, development is 
widely expansive in recent years due to the easy 
chelation of the ligand with the metallic ions and it 

further requires significant study for the generation of 
novel metal complexes. So, the research primarily based 
on metal complexes of the mixed ligand is of great interest 
for medicinal and analytical chemists1. The modern-day 
antibiotics are underneath bacterial resistance due to their 
improper use in the therapy techniques and the world is 
going through a shortage of antibiotic drugs. This leads to 
accelerated mortality of the human population. So, there 
is the first need for antibiotic research to remedy the 
present trouble of drug resistance 2.  

Metal complexes of Mixed ligand are of utmost 
significance in the discipline of coordination chemistry due 
to their varied applications in analytical, chemical and 
biomedical fields. Their functions in pollution, magneto 
and photochemistry, industrial and material science 
further decorate in the area of chemical research 3. Tc is 
the 3rd generation broad-spectrum antibiotic which is used 
in the therapy of the various bacterial infections promoted 
using bacteria. The bacterial infection includes acne, 
cholera, brucellosis, plague, malaria, and syphilis, but due 
to cellular research in the bacterial pathogen, the current 
antibiotics are under bacterial resistance. This can also be 
triggered by way of anti-enzymatic actions on drug 
supplies 4. Among transition metals, cadmium (d10) forms 
a metal complex with coordination number ranging from 

four to eight. Presently a cadmium (II) ion acts as the 
catalytic center for carbonic anhydrase. The d10 metal ions 
are used as photoluminescence materials which can 
enhance the nature of fluorescence 5. 

The combination of transition metal ions with antibiotics 
has focused our attention and forced us to interact their 
chemistry to established whether pharmacological 
properties of the ligand affects the complexation and also 
finds additional knowledge about the action of antibiotics6. 
There is fantastic endeavor in the discipline of coordination 
chemistry that cadmium is toxic metal and strong 
carcinogen in nature to the environment. So, the 
mobilization and immobilization of cadmium can be done 
with the help of some technical strategies such as in ligand 
exchange chromatography through complexation of the 
metal Center by way of chelating nitrogen donor ligands 7. 
In the present work, we concentrated for the synthesis of 
Cd (II) & Mo (II) metal complexes of mixed ligand by taking 
tetracycline as primary ligand and salicylaldehyde as the 
secondary ligand. Besides of their spectroscopic 
characterizations, antibacterial susceptibility test was 
done by Kirby- Bauer Paper disc diffusion techniques using 
clinical pathogenic bacteria like S.aureus, E. coli, 
P.aeruginosa. 

MATERIALS AND METHODS 

The reagents, as well as solvents used in the laboratory 
work, were of analytical research-grade (AR). They were 
purified and dried under the standard procedure. The 
glassware used in the test was of high-grade and were used 
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for excessive precision overall performance experiment. 
The integral chemicals have been procured from various 
international chemical agencies such as Tetracycline 
(Sigma Aldrich), Salicylaldehyde, CdCl2.H2O, ZrOCl2.8H2O 
(LobaChemie Pvt. Ltd), PdCl2 and MHA (Himedia), and 
MoCl3 (Alfa Aesar). Triple distilled water was used in the 
whole experiment for washing of the equipment and also 
for a solvent. Distilled ethanol was used for the 
experimental work. 

Instruments 

The C, H and N content in the synthesized metal complexes 
of mixed ligand were determined with Euro-E 3000 
microanalyzer. Electronic spectral data (UV/Visible) of the 
complexes prepared in DMSO solution had been 
monitored in the length range of 200-2000 nm on Varian, 
Cary 5000. The FT-IR spectra had been done from the 
region between 4000-400 cm-1 through Perkin Elmer 
Spectrum II by use of KBr pellets. 1H-NMR was carried out 
in presence of DMSO-d6 solvent on a Bruker AvII- 400MHz 
spectrometer and Me4Si acts as an internal reference. The 
kinetic and thermal behavior (TGA/DTA) curves were 
calculated under the nitrogen atmosphere to room 
temperature up to 860 oC at linear heating rate of 10 
(oC/min). The ESI-MS evaluation has been determined 
through water UPLC-TQD mass spectrometer within the 
vary of 0-1000 m/z. The melting point was recorded in 
VEEGO ASD-10013 programmable apparatus. Conductivity 
measurement was done at 25oC in DMSO using 
Conductivity/ TDS Meter TCM 15+ digital conductivity 
meter.  The surface tension data were taken from KRUSS 
Easy Dyne Tensiometer by Wilhelmy plate with du Nouy 
ring method. The morphology of the synthesized metal 
complex surface was done with the help of JEOL model 
JSM-6390 LV through Scanning Electron Microscopy 
technique. The complexes molecular structures were 
performed by using the help of CsChem Draw Ultra-12.0 
Pro software. The anti-bacterial study was done with the 
help of Kirby Bauer paper disc diffusion technique. The 
stock solutions were prepared by mixing the metal 
complexes in DMSO at different concentration. 

 

Antibacterial sensitivity assay 

In vitro antibacterial screening test of the ligand and 
synthesized complexes were done on two bacterial 
strains:gram-negative (Escherichia coli & Pseudomonas 
aeruginosa) and gram-positive (Staphylococcus aureus) 
clinical pathogens by using Kirby-Bauer paper disc diffusion 
technique. Test solutions of the complexes were prepared 
at three different concentrations (25, 12.5 and 6.25 µg/µl) 
in 30% DMSO to measure their actual effectiveness. 
Initially, the fresh culture of organisms was prepared from 
broth and incubating them for 2 h at 37 oC for proper and 
total growth. Paper disc with 5 mm diameter size 
(Whatman no.1) was sterilized and loaded with test 
solutions. The sterile MHA media for testing of 
antibacterial sensitivity was prepared according to the 
reported literature. The fresh and revived organism slowly 
swab inside the sterile media and complexes of different 
concentration were injected on the paper disc. Amikacin of 
30 mcg/disc was applied as a standard antibiotic drug 
which acts as a positive control8. After finishing all these 
tasks, the loaded Petri plates were placed in an incubator 
about 37 °C up to 36 hrs to observe the inhibition zone of 
bacterial growth.   

Synthesis of Complex 

The Tc (0.8890gm, 2 mmol) was dissolved in hot 20 ml (70% 
ethanol), introduced dropwise an aq. solution of M (II) salts 
(M = Cd & Mo) (2mmol) under stirring condition in a 50 ml 
R.B flask. The combination was refluxed for two hrs to 
homogenize it and to this well stirred ethanolic solution of 
Sal (0.2ml, 2mmol) was added to the reaction mixture. 
After refluxing for eight hrs, pH was adjusted at 7-8 by 
adding ammonia solution. The mixture was left overnight 
to room temperature until the precipitation occurs. The 
obtained precipitates were filtered off, wash with aqueous 
ethanol then recrystallized from ethanol which results in 
the formation of pure and pale orange amorphous form of 
Cadmium complex and dried in a desiccator over 
anhydrous CaCl2. The percentage yield of the metal 
complexes was of about 60-70 %. 

The similar route has been employed for the preparation 
of the Molybdenum Complex (Mo-TcSal) of the mixed 
ligand (Figure 1). 

 
Figure 1: Proposed equation of reaction for the preparation of Cadmium complex of the mixed ligand. 

Conductivity 

The specific conductivity of ligand and the metal complexes 
of Cadmium and Molybdenum (II) decrease on decreasing 
the concentration (Table S1). On decreasing the 

concentration, the conductivity also decreases because of 
the number of ions per unit volume carrying the current 
decreases on dilution9,10. The greater conductivity was seen 
in the metal complexes in comparison to the ligand (Table 
S1) which also indicates the complex formation between 

http://www.globalresearchonline.net/
http://www.globalresearchonline.net/


Int. J. Pharm. Sci. Rev. Res., 60(1), January - February 2020; Article No. 22, Pages: 115-121                                             ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

117 

the ligands and the definite metal ions which could signify 
the greater tendency of formation of ions (complexion) in 
the metal complex 11. The specific conductivity of metal 
complex follows the charge density order since the specific 
conductivity increases with the metal complexation12. 

Surface Tension measurement 

Surface tension is called as one of the crucial factors for 
measuring the wettability of a solution of a fluid which can 
spread over or stick to a solid surface13. The surface tension 
is a principle quantity which signifies the property of 
assembly and segregation dynamics of surface-active 
materials and plays an essential role in emulsion formation 
hence surface tension measures mechanism of kinetic 
diffusion 14.  

The surface tension of ligand and the metal complexes of 
Cadmium and Molybdenum (II) increase on decreasing the 
concentration (Table S1). Hence, this study shows that 
surface tension decreases as we increase the concentration 
of the solution. This occurs due to larger interaction 
between molecules of liquid than molecules present in air 
or in non-polar solvents15. 

The surface tension of the metal complex often decreases 
as molecules become adsorbed16 in comparison with ligand 

(Table S1). Because there is a greater probability of 
adsorbed molecules interacting as the surface coverage 
increases, the enthalpy of adsorption depends on the 
amount of surface coverage.  

FT-IR spectroscopy 

Characteristics frequencies of Infra-Red absorption band of 
metal complexes were introduced in Table 2 & Figures S1 & 
S2. These bands signify the nature of functional groups 
attached to the metal ions in the metal complexes. The 
complexes which show the bands within the range of 3431-
3396 cm-1 attributes to υ(O-H) or υ(N-H). The shoulder 
peaks lie at 2935 cm-1 and 2925 cm-1 corresponds to υ (CH) 
Methyl. Similarly, peaks at 1600-1800 cm-1 indicate the 
υ(C=O). The peaks at 1515-1580 cm-1 correspond toυ (C=C) 
aromatic proton. The IR absorption frequency at 1457 cm-1 

signifies the υ(C=N) Amide. The appearance of absorptions 
in the regions 1125-1140 cm-1 denotes υ(C-O). One of the 
essential characteristics absorption frequencies of metal 
complexes denoting their synthesis is the vibrational 
frequency of υ(M-N) &υ(M-O) bond which lies from the 
region between 440-500 cm-1 and a medium intensity band 
at a region of 590-605 cm-1. 

Table 1: Elemental microanalysis, electronic absorption and physical measurement data 

Complex 
Empirical 
Formula 

Mol. 
Wt. 

Colour 
M. Pt. 

(°C) 

Calculated (found)% Uv./Vis. 

Peak (nm) 
Assignment 

C H N O 

Cd-TcSal C29H28CdN2O10 676.95 
Pale 

Orange 
239.5 

51.450 

(51.102) 

4.170 

(5.706) 

4.140 

(4.256) 

23.630 

(14.251) 

280 

369 

768 

π→π* 

n→π* 

LMCT 

Mo-
TcSal 

C29H28MoN2O10 660.50 
Pale 

Yellow 
228.5 

52.730 

(42.789) 

4.270 

(4.635) 

4.240 

(4.686) 

24.220 

(17.003) 

297 

371 

447 

π→π* 

n→π* 

LMCT 

 
Table 2: FT-IR spectral data of Cd & Mo- TcSal metal complexes 

Complex                  υ(O-H) or 
υ(N-H) 

υ (CH)  

Methyl 

υ(C=O) 

 

υ(C=C) 

Aromatic 

υ(C=N) 

Amide  

υ(C-O) υ(M-O)  υ(M-N)  

Cd-TcSal 3431 2935 1770 1518 1457 1128 596 499 

Mo-TcSal 3396 2925 1618 1576 1457 1133 602 440 

 
1H & 13C-NMR spectral analysis 

The 1H-NMR spectrum of metal complexes was recorded in 
DMSO-d6 solvent and offers about the precious facts about 
the structure, dynamic reaction state, proton environment 
and coordination sites of the metal complexes molecule. 
The 1H-NMR spectra of metal complexes were shown in 
Figures S3-S4 & Table S2.  The signals at (δ= 3.415 ppm) 
revealing to (CH2) and singlet signal peak appeared at (δ= 
2.5 ppm) is assigned to DMSO-d6 solvent in the region 
between (δ= 2.509-2.517 ppm) and peaks in the location 
between (δ= 1.495-1.896 ppm) signify the peak for methyl 
proton. Similarly, the peaks in the region of (δ= 2.682-2.963 
ppm) represent [N-(CH3)2]. The aromatic proton lies in the 
location of (δ= 6.904-7.539 ppm). Similarly, primary amide 
proton lies in the vicinity between (δ= 7.645 -7.660 ppm). 

13C-NMR spectrums of metal complexes were done in 
DMSO-d6 which display chemical shifts at (199.513) ppm 
indicate signal for phenyl ketone. Aromatic carbon 
confirmed a signal in the range between (111-131) ppm. 
The chemical shift for the carbon of the carbonyl group (-
CO-) appears between (172.484-157.742) ppm. Also, the 
chemical shift at 40 ppm is due to DMSO-d6. The measured 
value of all the carbon atoms with their chemical shifts is 
introduced in Figure S5-S8 & Table S3. 

ESI-Mass spectral analysis 

ESI- Mass spectrum of Cd (II) & Mo (II) metal complexes 
shows a peak at (M/Z=676.95) and (M/Z= 661) amu of the 
parents' ion which indicates proposed formula for the 
complexes. The value of molecular mass along with other 
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spectral data are necessary for the generation of the 
structure of the organic compounds. The rest peak of the 
mass spectrum is the fragment peaks.  The successive 
decrease peak of the target compounds gives the series of 
the peak of various fragments. Their intensities provide 
stability of fragments ions. The mass spectrum of metal 
complexes is shown in Figures S9-S10. 

Electronic Absorption Spectroscopy  

UV/Visible spectrum of the metal complex (Cd-Tc/Sal) had 
been done on DMSO solution within a wavelength range 
between 250-800 nm. The electronic spectrum shows 
excessive-high intense absorption peaks at 280, 369 and 
768 nm which signify (π→ π*)&(n→ π*) transitions. The 
spectral data was presented in Figure S11. Together with 
their electronic transition and suggested geometries. 
Electronic emission spectra of Cd (II) did not exhibit any d-d 
transition because its d10 orbital is filled but exhibit 
absorption bands due to metal-ligand charge transfer 
(MLCT) indicating the d10 system. Similarly Molybdenum 
complex shows absorption bands at 297,371,447 nm. 

TGA/DTA Study 

The thermogravimetric study provides useful information 
about the thermal and kinetic stability of the compounds 
which was carried by running the analysis in a nitrogen 
atmosphere at room temperature to 860 °C with a linear 
rate of heating at 10 °C/min. One important purpose of TGA 
records signifies that the associated molecules of water 
inside complexes help the elemental analysis. Correlation of 
thermal events with continuous heating of the chemicals is 
useful to withdraw information about kinetic parameters 
and the mass loss during the decomposition. The thermal 
records which include thermal decomposition, percentage 
mass loss, and thermodynamic and kinetic parameters of 
every decomposition steps have been derived and covered 
in Table 3 & 4. Results indicate good agreement with 
theoretical formula supported through micro- elemental 
analysis.   

The thermogram of the cadmium complex has been shown 
that decomposition takes place in three steps within the 
temperature range of 246.89 - 634.32 oC. In the first 
decomposition stage, weight loss of 14.96% (3.1143 mg) in 
the temperature range 246.89-286.67 oC. The second and 
third stages occur with % weight loss of 11.7239 % (11.7239 
mg) and 1.9447 % (1.9447 mg) within the temperature 
range of 341.54-398.11 oC and 580.03-634.32 oC. In every 

case, decomposition starts by loss of coordinated or 
crystallized water molecules of the complexes only or other 
components of ligand moiety which confirms the 
composition of metal complexes. This suggests that 
cadmium complex is thermally stable. Similarly, the 
thermogram of Molybdenum complex was decomposed at 
three ranges in the temperature range of 197.38-805.15 oC. 
In the first decomposition stage, weight loss of 16.899 % 
(1.6899 mg) take place within the temperature range of 
197.38-260.48 oC. The second and third decomposition 
stages occur with % mass loss of 1.6459 % (16.459mg) and 
1.4743% (1.4743 mg) in the temperature range of 721.21-
742.98 oC and 789.75-805.15 oC which are presented in 
Figure 2 & Figure S12. The residue formed was metal oxide 
such as CdO & MoO. 
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Figure 2: Thermogram of Cd-TcSal complex 

Scanning Electron Microscopy Study  

The microstructures, as well as morphological properties of 
metal complexes, were examined through SEM (Scanning 
electron microscopy). A high beam of energy of an electron 
of SEM produces a different variety of signals to the solid 
surface which results in the generation the image of shape, 
size, strength, ductility and the arrangement of atoms in an 
object. SEM is also an important tool in forensic science, 
metallurgy, gemology and in medicinal science 17.  The SEM 
micrographs of Cadmium and Molybdenum complex shown 
in Figure 3. From the SEM micrograph, it signifies the 
formation of successful nanosized particle. The cadmium 
complex shows that the particles are extremely 
agglomerated in nature due to induced crystal growth by 
itself 18. 

Table 3: Kinetics and thermodynamic parameter of Cadmium and Molybdenum metal complexes 

Complexes r A(s-1) Tmax (K) 
E* 

(kj/mol) 

Δs* 

(j/kmol) 

ΔH* 

(kj/mol) 

ΔG* 
(kj/mol) 

Cd-complex 

-0.9955 2.05x1017 531.18 184.920 120.970 18.505 116.248 

-0.9986 4.01x1021 644.85 263.260 162.240 257.901 153.281 

-0.9988 1.72x1024 892.81 421.170 209.930 413.751 226.324 

Mo-
complex 

-0.9979 7.55x109 496.22 102.526 -60.040 98.401 128.196 

-0.9992 7.16x1061 1007.15 1196.867 929.110 1188.494 252.745 

-0.9963 1.59x10104 1070.54 2100.898 216.17 2091.997 186.058 
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Table 4: Thermal decomposition data of Cadmium and Molybdenum complexes 

Complexes 
TG range (oC) DTA  

Δm% (cal.) Ti Tf TDTG Mass loss Tdta Peak 

Cd-complex 

14.96 246.89 286.67 258.18 -3.1143 246.89 Exo 

11.7239 341.54 398.11 371.70 -11.7239 - Exo 

1.9447 580.03 634.32 619.81 -1.9447 634.11  

Mo- Complex 

16.899 197.38 260.48 223.22 -1.6899 197.38  

1.6459 721.21 742.98 734.15 -16.459 -  

1.4743 789.75 805.15 797.54 -1.4743 805.15  

   

Figure 3: SEM micrograph of i) Cd-TcSal  ii) Mo-TcSal 

Similarly Molybdenum complex has the shape of 
nanoparticles which has almost spherical of some 
aggregation complex19. Careful examination of the single 
crystal honestly suggests the nanoscale measurement of 
the single crystal of the complexes. 

Molecular Modeling Study 

The proposed structure of metal complexes was carried out 
with 3D modeling Via the Cs Chem 3D program. Correct 
stereochemistry was once finished via manipulation and 
Change to gain low energy molecular geometry. Metal 
complexes, Potential energy will be the sum of all the 
energy of following types: E= Estr + Eang + Etor + Evdw + Eoop + 
Eele where E’s represents energy value for various 
interaction. The subscripts signify the bond stretching, 
angle bending, deformation angle, Van der Waals 
interactions, out of plane bending, simple bending, and 
electronic interaction respectively. The total steric energy 
for cadmium complex is 916.0934 Kcal/mol and has the 
geometry of Trig Planar and presented in Figure S13. 

Antibacterial Sensitivity Study 

The metal complexes were carried out the antibacterial 
sensitivity which was screened in vitro of their inhibitory 

activity against some clinical pathogenic bacterias like S. 
aureus, E. coli, P. aeruginosa through the use of Kirby Bauer 
paper disc diffusion technique. For this test, the complex 
was prepared by dissolving in DMSO solvent. Zone of 
inhibition signifies mean of three readings which were 
presented in the Figures S14-15 & Table 5 that displays the 
effect of prepared complexes on different bacterial 
pathogens. From the antimicrobial study, all-metal 
complexes show activity towards tested pathogens while 
ligand does not show any effects. The complexes show the 
greater activity in comparison to ligand results in the 
complex formation where the ligand is bonded with the 
metal ions. Hence increase in the concentration of metal 
complexes increase the inhibition zone of bacterial 
growth20. From the reported data, it is clear that Cadmium 
and Molybdenum metal complex shows better antibacterial 
activity at higher concentration and considerable activity at 
a lower concentration. The E.coli of Molybdenum complex 
found much less active. Similarly, S.aureus of Cadmium 
complex suggests better results. So all the pathogens had 
been found susceptible towards the synthesized derivatives 
of two Tetracycline (Figure S16).  

 

Table 5: Antibacterial growth data of Cadmium and Molybdenum metal complexes. 

Complexes 

 

Concentration (μg/μl) 

The diameter of zone of inhibition in (mm) 

        S. aureus     P. aeruginosa         E. coli 

25 12.5 6.25 25 12.5 6.25 25 12.5 6.25 

Cd-Tc/Sal complex 28 24 22 17 16 15 22 21 19 

Mo-Tc/Sal complex 20 18 16 12 11 10 11 10 9 

Amk (30mcg/disc) 27 21 23 

Tc  31 31 31 

DMSO 0 0 0 
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CONCLUSION 

In this paper, the metal complex of Cd (II) & Mo (II) was 
successfully synthesized via by using Tetracycline as primary 
ligand and Salicylaldehyde as the secondary ligand. The 
synthesized complexes had been analyzed by way of micro-
elemental analysis, FT-IR, (1H & C13)-NMR, UV/Vis, SEM, TGA 
/DTA. Molecular modeling suggests coordination behavior 
of metal ions with the ligand and as a result, received results 
are very much close to the experimental data. The color 
change has seen all through the chemical procedure truly 
indicates deprotonation for the duration of formation of 
the complex. The evidence for the purity of the complex 
was validated through the melting point. The anti-microbial 
tests had been carried under Kirby-Bauer paper disc 
diffusion technique by using clinical bacterial pathogens like 
S.aureus, E. coli, P.aeruginosa which suggests gorgeous 
antibacterial activity and comparable sensitivity test of 
ligand, as well as metal complexes truly, shows that they 
exhibit strong activity against S.aureus. 

Acknowledgment: The first author is highly acknowledged 
to Nepal Academy of Science and Technology (NAST), 
Khumaltar, Lalitpur, Nepal for providing Ph.D. Fellowship.  

REFERENCES 

1. Abu Ali H, Fares H, Darawsheh M, Rappocciolo E, 
Akkawi M, Jaber S, Synthesis, characterization and 
biological activity of new mixed ligand complexes of 
Zn (II) naproxen with nitrogen-based ligands, 
European Journal of Medicinal   Chemistry, 89, 2016, 
67–76. http://doi.org/10.1016/j.ejmech.2014.10.032. 

2. Kafi-Ahmadi L, Poursattar Marjani A , Pakdaman-Azari 
M, Synthesis, characterization and antibacterial 
properties of N,N'-Bis(4-dimethyl amino benzylidene) 
benzene-1,3-diamine as new schiff base ligand and its 
binuclear Zn(II), Cd(II) Complexes,  South African 
Journal of Chemistry,  71, 2018,155-159. 
http://dx.doi.org/10.17159/0379-
4350/2018/v71a20. 

3. Akter J, Hanif Md A, Islam MS, Reza Md Y, Haque Md 
M, Zahid AASM, E-Zahan, Md K, Islam Md A, Banu L A, 
Mixed ligand complexes of Ni(ii) and Cd(ii) with 
Phthalic acid or Succinic acid and heterocyclic amines: 
Synthesis and characterization with the antimicrobial 
study, European Journal of Medical and Pharmacetical 
Research, 5(4), 2018, 106-113. 

4. Akila E, Usharani M, Vimala S, Rajavel R, Synthesis, 
spectroscopic characterization and biological 
evaluation studies of mixed ligand schiff base with 
metal (II) complexes derived from o-
phenylenediamine,  Chemical Science Review and 
Letters, 1(4), 2012, 181–194. 

5. Kuriakose D, Aravindakshan A A, Kurup M R P, 
Synthesis, spectroscopic, crystal structures and 
photoluminescence studies of cadmium (II) 
complexes derived from di-2-pyridyl ketone benzoyl 
hydrazone : Crystal structure of a rare eight 

coordinatecadmium(II) complex, Polyhedron, 127, 
2017, 84–96. 

https://doi.org/10.1016/j.poly.2017.01.041. 

6. Anacona J R, Lopez M,  Mixed-Ligand Nickel(II) 
complexes containing sulfathiazole and cephalosporin 
antibiotics: Synthesis, characterization, and 
antibacterial activity, International Journal of 
Inorganic Chemistry, 2012,  1–8. 
http://doi.org/10.1155/2012/106187. 

7. Saghatforoush LA, Aminkhani A, Ershad S, 
Karimnezhad G, Ghammamy S, Kabiri R,  Preparation 
of Zinc (II) and Cadmium (II) complexes of the 
tetradentate schiff base ligand 2-((E)-(2-(2-(pyridine-
2-yl) ethyl thiol) ethyl imino)methyl)-4-bromophenol 
(PytBrsalH), . Molecules, 13(4), 2008, 804-811. 

8. Chaudhary N K, Guragain B, Synthesis, thermal 
characterization and invitro antibacterial assessment 
of Co (II) and Cd (II) complexes of schiff base derived 
from amoxicillin and thiophene-2- carbaldehyde, 
Asian Journal of Chemistry, 31(4), 2019, 951-959: 
https://doi.org/10.14233/ajchem.2019.21882. 

9. Bhattarai A, Interaction behavior of polyion-
counterion for sodium polystyrene sulfonate, Data in 
brief, 25, 2019, 104365. 

10. Bhattarai A, Nandi P, Das B, The effects of 
concentration, relative permittivity and temperature 
on the transport properties of sodium polystyrene 
sulphonate in methanol-water mixed solvent media, 
Journal of Polymer Research, 13,  2006, 475-482.  

11. Ogunniran K O,  Ajanaku K O, James O O,  Ajani O O, 
Nwinyi CO, Allensela MA,   Fe(III) and Co(II) complexes 
of mixed antibiotics: synthesis, characterization, 
antimicrobial potential and their effect on alkaline 
phosphatase activities of selected rat 
tissues,  International Journal of Physical Sciences, 3 
(8), 2008, 177-182. 
http://www.academicjournals.org/IJPS ISSN 1992–
1950 © 2008 Academic Journals. 

12. Kavlak S, Kodolbas A O, Can H K, Guner A, Rzaev Z M 
O,  Temperature dependence of electrical 
conductivity in acrylic acid) and Its transition   metal 
complexes,  Advances in Polymer Technology,  23(3), 
2004, 222–229. https://doi.org/10.1002/adv.20012. 

13. Giardino L, Andrade F B De, Beltrami R,  Antimicrobial 
effect and surface tension of some chelating solutions 
with added surfactants, Brazilian Dental Journal  27, 
2016, 584–588.http://dx.doi.org/10.1590/0103-
6440201600985. 

14. Rana S, Yu X, Patra D, Moyano D F, Miranda O R, 
Hussain I, Rotello V M, Control of surface tension at 
liquid − liquid interfaces using nanoparticles and 
nanoparticle − protein complexes, Langmuir, 28(4), 
2012, 2023-2027.dx.doi.org/10.1021/la204017z. 

http://www.globalresearchonline.net/
http://www.globalresearchonline.net/
http://doi.org/10.1016/j.ejmech.2014.10.032
https://doi.org/10.1016/j.poly.2017.01.041
http://doi.org/10.1155/2012/106187
https://doi.org/10.1002/adv.20012


Int. J. Pharm. Sci. Rev. Res., 60(1), January - February 2020; Article No. 22, Pages: 115-121                                             ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

121 

15. Sunita T, Sharma P K, Malviya R, Influence of 
concentration on surface tension and viscosity of 
Tamarind (Tamarindus indica) seed gum, Annals of 
Molecular and Genetic Medicine, 1(1), 2017, 008-012, 
DOI:10.17352/amgm.000002. 

16. Adamson A W, Physical Chemistry of Surfaces, John 
Wiley and Sons, Inc. Somerset, NJ, 1982.  

17. Pal T, Alam M, Hossen J, Paul, S, Ahmad H, Sheikh M, 
Spectral and biological studies on new mixed ligand 
complexes, Journal of Scientific Research 10(3), 2018, 
291–302.doi: 
http://dx.doi.org/10.3329/jsr.v10i3.36379. 

18. Desai K R, Pathan A A, Bhasin C P, Synthesis, 
characterization of cadmium sulphide nanoparticles 
and its application as photocatalytic degradation of 

congored, International Journal of Nanomaterial and 
Chemistry,  3(2), 2017,   39–43. 

19. Divsalar N, Monadi N, Tajbaksh M, Preparation and 
characterization of a molybdenum (VI) schiff base 
complex as magnetic nanocatalyst for synthesis of 2-
Amino- 4H-benzo[h]chromenes, Journal of 
Nanostructure, 6(4), 2016, 312-321. DOI: 
10.22052/jns.2016.34329. 

20. El-tabl A S, El-wahed, M M A, MahmoudRez A M S, 
Cytotoxic behavior and spectroscopic characterization 
of metal complexes of ethyl acetoacetate bis( 
thiosemicarbazone) ligand, Spectrochimica Acta Part 
A: Molecular and Biomolecular Spectroscopy, 117(3), 
2014, 772-788. 
https://doi.org/10.1016/j.saa.2013.04.014. 

 

 

 

 

Source of Support: Nil, Conflict of Interest: None. 

  

View publication stats

http://www.globalresearchonline.net/
http://www.globalresearchonline.net/
https://www.researchgate.net/publication/338801096


A J CSIAN OURNAL OF HEMISTRYA J CSIAN OURNAL OF HEMISTRY
https://doi.org/10.14233/ajchem.2020.22623

INTRODUCTION

Since immemorial times, antibiotics have been used to
cure the diseases of animals and human beings. Most of the
antibiotics cannot be completely absorbed by the animals and
humans due to their soluble nature. Nearly 90% prototype
or metabolites of antibiotics are released out to the soil and
water through manures or urine of patients, resulting in some
degradation to the environment. Human utilization of animals’
food and food products which have antibiotic residues causes
chronic poisoning which results in mutation, cancer and emb-
ryotoxicity [1]. Metal compelxes of mixed ligands have wide
applications in the field of engineering, science and technology,
hydrometallurgy, dyeing, analytical chemistry, textiles as well
as in chemotherapy [2]. They are also used as antibacterial,
antifungal, antitumor, antipyretic, antimitotic, antimetabolites,
antithyroid, antiviral, anti-inflammatory and surface anesthesia
activity [3]. The organometallic complexes of mixed ligand
formed by the refluxation of the equimolar ratio of primary
and secondary ligand along with their metal salts have been a
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global interest for the researchers in the field of complexation.
Transition metals of carbonyl derivatives are also used as
intermediates in the synthesis of very useful organometallic
complexes which has huge application in catalysis of reactions
such as hydrogenation, epoxidation, carbonylation and hydro-
formylation [4]. In metal complexes, the ligand containing
the O & N donor atom possesses great importance due to their
binding nature with metal atoms. The existence of amine (-NH2)
and carboxyl (COO–) group in ligand also serves as a source
of N/O donating groups which results in the formation of metal
complexes of mixed ligands [5]. Biologically active com-
pounds with metal interaction can be used as a specific goal to
improve their activity and overcome their resistance [6]. Tetra-
cyclines (TCs) are one of the most widely applied antibiotics
in the field of coordination and medicinal chemistry. Today
the cause of increasing antibiotic resistance of microorganisms
and on plant development is due to misuse and overdose of
antibiotics used by the human being [7]. Tetracycline contains
the number of substitution patterns and significant structure
deviation can change the antibacterial potency [8]. In this work,
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we focused on the preparation of metal complexes of zirconium(II)
and palladium(II) by using tetracycline as primary ligand and
salicylaldehyde as the secondary ligand. Besides their physico-
chemical microanalysis and spectroscopic characterizations,
antimicrobial susceptibility test was done by Kirby-Bauer
paper disc diffusion techniques using clinical pathogenic
bacteria like S. aureus, E. coli and P. aeruginosa.

EXPERIMENTAL

The analytical research-grade (AR) chemicals and solvents
were used for the experimental work and purified according
to the standard process. Drugs such as tetracycline (Sigma-
Aldrich), salicylaldehye,  ZrOCl2·8H2O (Loba Chemie Pvt. Ltd.),
MHA and PdCl2 (Himedia) were used during the research and
triple distilled water and double-distilled ethanol were used
for the experiment.

Elemental microanalysis (C, H, N) of the metal complexes
was carried out in Euro-EA 3000 microanalyzer. The UV/visible
spectra of the complexes in the DMSO solvent were recorded
on Varian, Cary 5000 in the range of 800-260 nm. FT-IR spectral
analysis was carried on Perkin Elmer Spectrum II as KBr
pellets technique in the range of 4000-400 cm-1. The 1H NMR
was carried out in the presence of DMSO-d6 solvents on Bruker
AvII- 400 MHz Spectrometer and Me4Si which acts as the
internal reference. The kinetic and thermal analysis (TGA/
DTA) was carried out under the nitrogen atmosphere at room
temperature in the range of 40-750 °C at the linear heating
rate of 10 °C min-1. ESI-MS evaluation has been determined
through a water UPLC-TQD mass spectrometer in the mass
range of 0-1000 m/z. The melting point was recorded in VEEGO
ASD-10013 programmable melting point apparatus. The surface
morphology was done on the JEOL model JSM-6390 LV
SEM technique. Molecular modeling of metal complexes was
optimized  through Chem 3D Pro 12.0 program. Conductance
measurement was done in autoranging conductivity/TDS meter
TCM 15 +. The pH was recorded from Elico LI 613 pH meter.
The antibacterial susceptibility test was carried out by Kirby
Bauer’s paper disc diffusion technique against clinical
pathogens, which was done at the Microbiological Laboratory,
Mahendra Morang Adarsh Multiple Campus, Biratnagar,
Morang, Nepal.

Antibacterial sensitivity assay: Synthesized metal comp-
lexes of mixed ligand have been screened for their antibacterial
susceptibility test by Kirby-Bauer paper disc diffusion method
on two bacterial strains i.e. Gram-negative (Escherichia coli
and Pseudomonas aeruginosa) and Gram-positive (Staphy-
lococcus aureus). Test solutions of the metal complexes were
prepared in 30% DMSO at four different concentrations (25,
12.5, 6.25 and 3.125 µg/µL) to measure their actual effective-
ness. Firstly, the fresh culture of organisms was prepared in
nutrient broth and incubating them for 2 h at 37 °C for their
complete and total growth. Blank paper discs were prepared
from filter paper (Whatman number1) of 5 mm diameter in
size and were sterilized and loaded with test solutions. The
sterile MHA (Muller Hinton Agar) media was prepared for
antibacterial sensitivity according to their reported literature.
The revived and fresh pathogens were slowly swabbed into
the sterile media and complexes of different concentrations

were added into the paper disc. The positive control standard
antibiotic discs (Amikacin) of 30 mcg/disc were also applied
during the tests. After completing all these activities, the loaded
Petri plates were kept in an incubator for about 37 °C up to
36 h to observe the zone of inhibition for the bacterial growth
[9]. The diameter of zone of inhibition (mm) was visualized
through Hi Antibiotic Zone Scale-C.

Synthesis of zirconium complex (Zr-TC/Sal): A solu-
tion of primary ligand tetracycline (0.8892 g, 2 mmol) in 70%
double distilled ethanol and a solution of ZrOCl2·8H2O (0.6446
g, 2 mmol) in water was stirred in a magnetic stirrer separately
in 50 mL round bottom flask for 4 h and added to the tetra-
cycline solution in dropwise condition. The reaction mixture
was further stirred for a few hours more and further added
with well-stirred secondary ligand salicylaldehyde (0.2 mL, 2
mmol) dissolved in ethanol. The reaction mixture was further
stirred for a few hours and filtered. The filtered reaction mixture
was refluxed for 8 h and pH was maintained at 7 by adding 2
N NH4OH solution and left the beaker for 2 days without any
disturbance. As a result, the precipitate was obtained and then
filtered, washed with ethanol and water several times and dried.
The dried precipitate was recrystallized from ethanol to obtain
the black crystals of the zirconium complex (Scheme-I).

Synthesis of palladium complex (Pd-TC/Sal): A solu-
tion of primary ligand tetracycline (0.8897 g, 2 mmol) in 70%
double distilled ethanol and a solution of PdCl2 (0.0893 g, 0.5
mol) in aqueous ethanolic solution was stirred in a magnetic
stirrer separately in 50 mL round bottom flask for 4 h. The
reaction mixture was further stirred for a few hours more and
further added with well-stirred secondary ligand salicylal-
dehyde (0.2 mL, 2 mmol) dissolved in ethanol. The reaction
mixture was further stirred for a few hours and filtered. The filtered
reaction mixture was refluxed for 8 h and pH was maintained
at 6.7 by adding 2 N NH4OH solution and left in the beaker
for 2 days without any disturbance. As a result, the precipitate
was obtained and then filtered, washed with ethanol and water
several times and dried. The dried precipitate was recrystallized
from ethanol to obtain the black crystals of palladium complex
(Scheme-I).

RESULTS AND DISCUSSION

Physical characterization: Both metal complexes of
zirconium(II) and palladium(II) were obtained as coloured
solid by the reaction of primary ligand tetracycline (Tc) and
secondary ligand (salicylaldehyde). The experimental data of
elemental microanalysis and physico-chemical parameters
such as melting point, colour change, electronic absorption of
the metal complexes show good agreement with the calculated
data and denotes the precise relationship to a molecular formula
of the proposed complex (Table-1). The synthesized complexes
are solid, higher melting points, generally stable around at
room temperature and insoluble in water but soluble in common
organic solvents like DMSO. The pH, density, viscosity, surface
tension, conductivity of complexes obtained was 6.43 & 5.78,
1.048 & 1.076 (g/mL), 16.99 & 22.50 (cp), 56.30 & 57.50
(mN/m) and 14.70 & 17.80 (µS/cm) respectively for Zr-
complex and Pd-complex and determines their non-electrolytic
nature.
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FT-IR spectroscopy: The frequencies of FT-IR absorption
spectra for zirconium and palladium complexes of mixed
ligand was done from the range between 4000-400 cm-1. The
bands in the infrared spectrum signify the functional groups
attached with the metal ions and also gives important informa-
tion regarding the coordination sites which are involved during
chelation. Broadbands within range of 3407-3183 cm-1 were
attributed to coalesce of ν(OH/N-H) [10,11]. The bands bet-
ween 1773-1653 cm-1 indicate ν(C=O). Similarly, the sharp
IR bands in between 1635-1619 cm-1 signify the ν(C=N) which
supports that the above complexes are azomethine derivatives
[12]. The absorption peaks at 1580-1528 cm-1 and 1404-1399
cm-1 are due to νasym(COO–) and νsym(COO–). Similarly, the
appearance of absorptions in the regions 1177-1126 cm-1

denotes ν(C-O). Here the coordination of azomethine nitrogen
on a metal atom is confirmed by the presence of a new band at
604-602 cm-1 and 476-470 cm-1 are due to ν(M–O) and ν(M–N),
respectively [13,14]. The FT-IR spectrum in combination with
other spectral studies signifies the coordination of metal ions
to the nitrogen atom of amide group (Table-2).

1H & 13C NMR analysis: The 1H NMR spectra of metal
complexes was done in DMSO-d6 solvent and gives the fruitful
information of different proton environments as well as possible
coordination sites to metal complexes. Their integral intensity
of each signal was found to agree with the number of different
types of protons present. The 1H NMR spectrum of the Zr(II)
complex, the peak signals at (δ = 2.478-2.495 ppm) revealing
to (CH3) and singlet peak appeared at (δ = 2.491-2.523 ppm)
is assigned to DMSO-d6. Similarly, the peaks in the region

of (δ = 2.5-3.5 ppm) represent [N-(CH3)2]. The aromatic
proton lies in the location of (δ = 6.950-6.991 ppm) and primary
amide proton lies in the vicinity between (δ = 10.214 ppm).
Similarly in the palladium(II) complex, the peak signals at (δ
= 1.059-1.226 ppm) signify (CH3), (δ = 1.527-1.544 ppm) as
(CH2NH) group and (δ = 3.51 ppm) as -OH respectively
[15,16].

In the 13C NMR spectra of zirconium metal complexes,
the DMSO-d6 solvent displays chemical shifts at 39.166-40.832
ppm and N(CH3)2 at 45.5 ppm. The aromatic ring carbon
confirmed a signal in the range between 113.635-126.652 ppm
while the carbonyl group (-CO-) appears in the region of
182.917 ppm. Similarly, palladium complex contains the chemical
shift at the region of 40 ppm is due to DMSO-d6 solvent and
the aromatic carbon ring lies at 134.539-137.972 ppm [17].

ESI-Mass analysis: The metal complex of Zr(II) and Pd(II)
displays the prominent peak of molecular ion (M+) at (m/z =
656) and (m/z = 671) amu of the parent ion and the base peak
appears in m/z = 445 & m/z = 171 region indicates the proposed
formula for the complexes. The molecular mass and other
spectral data are essential for the generation of the structure
of organic compounds. The rest peak in the mass spectrum is
the fragment ion peaks. The successive decrease in the peak
of the target compounds gives the peak of various fragments
and intensities provide stability of fragments ions. The mass
spectrum of metal complexes is shown in Fig. 1.

Electronic absorption: The electronic absorption spectro-
scopy tool is used for distinguishing the characterization for
identifying the binding mode of complexes [18]. The spectra

TABLE-1 
ELEMENTAL MICROANALYSIS, ELECTRONIC ABSORPTION AND PHYSICAL CALCULATION DATA 

Elemental analysis (%): Calcd. (found) 
Complex m.f. m.w. Colour m.p. (°C) 

C H N O 
UV/vis 

peak (nm) Assignment 

Zr-TcSal C29H28N2O10Zr 655.76 Black 175.9 53.12 
(53.06) 

4.30 
(4.26) 

4.27 
(4.26) 

24.40 
(24.39) 

268 
342 
446 

π→π* 
n→π* 

Pd-TcSal C29H28N2O10Pd 670.96 Black 265.5 
51.91 

(51.87) 
4.21 

(4.17) 
4.18 

(4.17) 
23.85 

(23.84) 

263 
307 
343 

π→π* 
n→π* 

 

TABLE-2 
FT-IR SPECTRAL DATA OF Cd AND Mo-TcSal METAL COMPLEXES 

Complex 
ν(O-H) or 

ν(N-H) 
ν(C=O) ν(C=N) νasym(COO–) νsym(COO–) ν(C–O) ν(M–O) ν(M–N) 

Tc Ligand 3384 1653 1615 1580 1399 1126 – – 
Zr-TcSal 3183 1770 1619 1570 1399 1152 604 476 
Pd-TcSal 3407 1773 1635 1528 1402 1177 602 470 
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Scheme-I: Synthesis of zirconium(II) and palladium(II) metal complexes of TcSal mixed ligand [tetracycline (Tc) as primary ligand and
salicylaldehyde (Sal) as secondary ligand]
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were taken in a DMSO solvent within a range between 250-
800 nm wavelength and are shown in Fig. 2. The electronic
spectrum of Zr complex shows excessive-high intense absorp-
tion band at 268 and 342 nm, which signify (π→π*) transitions
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Fig. 2. Electronic absorption spectra of Zr and Pd-TC/Sal metal complex
of mixed ligand

of aromatic ring and remains unchanged in zirconium complex
and next band at 446 nm signify (n→π*) transition of >C=N–
chromophore and denotes bathochromic shift in zirconium
complex arise because of coordination of zirconium metal ion
with azomethine nitrogen. The following band moves slightly
higher-energy due to polarization of electron interaction of
zirconium with >C=N chromophore. Hence due to their d°
electronic configuration, there are no d-d transitions in Zr(IV)
complexes [13,14]. Zirconium complex has been assigned for
tetrahedral geometry. Similarly, the electronic spectrum of the
Pd-Tc/Sal complex possesses three absorption bands near 263,
307, 343 nm in the visible region. All bands of these types are
assigned to have (π→π*) and (n→π*) transition which specifies
the square planar geometry [19].

Thermal analysis: Thermogram of zirconium complex
(Fig. 3) has been shown that decomposition takes place in
three steps at the temperature between 50.7-755.48 °C. In the
first decomposition stage, weight loss of 27.93% (-5.9503 mg)
in the temperature range 50.7-108.05 °C. The second and third
decomposition steps occurred with % weight loss of 40.60%
(1.197 mg) and 83.89% (2.3386 mg) within the temperature
range of 249.28-302.03 °C and 633.79-755.48 °C. In each case,
decomposition starts with the loss of coordinated or crystallized

Zr-Tc/Sal Pd-Tc/Sal

Fig. 1.  Mass spectra of zirconium(II) and palladium(II) complexes of TcSal mixed ligand
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Fig. 3. Thermogram of zirconium and palladium complex
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water molecules of the metal complexes only or other compo-
nents of ligand moiety which confirms the composition of metal
complexes. This suggests that zirconium complex is thermally
stable. Similarly, thermogram of palladium complex (Fig. 3)
was decomposed at two ranges in the temperature range of
164.01-769.19 °C. In the first decomposition stage, weight
loss of 20.60% (-3.3048 mg) takes place within the temperature
range of 164.01-247.37 °C. The second decomposition stages
occur with a mass loss of 65.59% (-1.4339 mg) in the tempe-
rature range of 709.75-769.19 °C. The residue formed was
metal oxide such as ZrO and PdO.

Kinetic parameters: The kinetic and thermodynamic para-
meters of the complexes were extracted by making calculation
through Coats-Redfern equation. The thermal stability and kinetic
parameters of different decomposition steps were calculated
and plotted graphically by using the Coats-Redfern relation:

*

2 *

ln(1 ) AR E
ln ln

T E RT

 − α − = −   β   
here α denotes decomposition fraction at temperature (K) and
β signify linear heating rate (dT/dt). A and E* represent the
Arrhenius pre-exponential factor and activation energy. R
denotes universal gas constant. Using the equation: y = mx + c,
a linear plot of left-hand side versus 1/T, whose slope E*/R gives
the activation energy. The other kinetic parameters such as entropy
of activation (∆S*), enthalpy of activation (∆H*) and free energy
of activation (∆G*) can be solved by using the relation as:

*

B

Ah
S R ln

K T

 
∆ =  

 

∆H* = E* – RT

∆G* = ∆H* – T∆S*

The thermodynamic and kinetic activation parameters of
various decomposition steps of metal complexes are calculated
and presented in Table-3. The greater value seen in all the
complexes in subsequent steps reflects high thermal stability
caused by the covalent bond character. In the first decompo-
sition steps, there is negative entropy of activation which
indicates the non-spontaneous dehydration reaction process
and positive value of ∆G* of all complexes indicate the non-
spontaneous nature of decomposition steps. The positive value
of ∆H* indicates the endothermic process and the correlation
coefficient from the graph indicates a good fit [14,20].

SEM analysis: The SEM images of Zr-TcSal and Pd-TcSal
complexes are shown in Fig. 4. Zirconium complex was found
to be microcrystalline and nanograins in shape. Similarly, Pd(II)
complex showed the agglomeration of hybrid nanomaterial
[21,22].

Antibacterial sensitivity: Synthesized metal complexes
of mixed ligand were carried out an antimicrobial sensitivity
test by Kirby-Bauer paper disc diffusion method and screened
in vitro of their inhibitory activity against some clinical pathogens
with various concentrations (25, 12.5, 6.25 and 3.125 µg/µL).
For this test, the calculated amount of metal complex was
prepared in DMSO solvent. From the antimicrobial sensitivity
study, all the metal complexes show better activity towards
tested bacterial pathogens while ligand does not show any
effects (Table-4). This result shows that metal complexes have
greater activity in comparison to a ligand that indicates the
formation of a metal complex where the ligand is bonded with
the metal ions. Hence increase in the concentration of metal
complexes increases the inhibition zone of bacterial growth
[23]. From the presented data, it is clear that zirconium and
palladium metal complex shows better results of antibacterial
at higher concentrations and goes on decreasing at a lower

TABLE-3 
KINETICS AND THERMODYNAMIC PARAMETERS OF ZIRCONIUM(II) AND PALLADIUM(II) METAL COMPLEXES 

Complexes Step r A (s-1) Tmax. (K) E* (kJ/mol) ∆S*(J/kmol) ∆H* (kJ/mol) ∆G (kJ/mol) 
1 -0.9993 1.68 × 108 355.66 60.311 -88.91 57.354 88.976 
2 -0.9981 2.64 × 1014 545.88 158.856 26.14 154.318 140.049 Zr-complex 
3 -0.9993 7.14 × 1010 979.71 222.049 -47.02 213.903 259.970 
1 -0.9942 7.30 × 106 470.13 70.608 -117.32 66.699 121.854 

Pd-complex 
2 -0.9990 2.71 × 1023 1014.12 4498.82 193.5 4490.378 4294.096 

 

Fig. 4. SEM micrograph of zirconium and palladium complex

Vol. 32, No. 6 (2020)    Synthesis and Antibacterial Assessment of Zr(II) and Pd(II) Complexes of Tetracycline-Salicylaldehyde Mixed Ligand  1477



concentration. P. aeruginosa of the zirconium and palladium
complex found much less active. Similarly, E. coli of palladium
complex suggests better results. So all the pathogens had been
found susceptible to the synthesized derivatives of tetracycline.

Molecular modeling: The synthesized metal complexes
can be structurally characterized based on special designed
molecular modeling software by the 3D modeling via Chem
3D Pro-12.0 program. In the present study, the proposed struc-
ture of metal complexes was carried out. Correct stereochemistry
was once finished via manipulation and Change to gain low
energy molecular geometry. By the MM2 program present in
the Cs chem. Office program, the optimized structure of metal
complexes were done. The Zr-TcSal and Pd-TcSal have coordi-
nated with tetrahedral and square planar geometry with steric
energy of 1719.6070 and 1729.6133 Kcal/mol, respectively.
The energy optimization was calculated many times so to obtain
the minimum energy of molecular geometry. From the calcula-
tion, bond length, bond angles data as well as bonding parameters
of Zr-TcSal and Pd-TcSal metal complexes were obtained and
are presented in Tables 5 & 6 and their optimized 3D molecular
structure is shown in Fig. 5. By the above experimental discu-
ssion, the structure of metal complexes of mixed ligand to be
proposed. The potential energy will be the sum of all the energy
of different types: E = Estr + Ebend + Etor + Evdw + Eoop + Eele

where E’s denotes energy value for various interaction. The
subscripts denote the bond stretching, angle bending, defor-
mation angle, van der Waals interactions, out of plane bending,
simple bending and electronic interaction, respectively.

Conclusion

In this present work, the metal complex of zirconium(II)
and palladium(II) were successfully synthesized with the help

of tetracycline as primary ligand and salicylaldehyde as the
secondary ligand. These complexes had been analyzed by their
micro-elemental analysis, FT-IR, (1H & C13) NMR, UV/vis,
SEM, TGA/DTA. Molecular modeling signifies the coordi-
nation behaviour of metal ions with the ligand and as a result,
Zr complex was found to have tetrahedral geometry while Pd
complex possesses square planar geometry. All the received
results by the above parameters were very much closed to the
experimental data. The colour change seen throughout the
chemical procedure signifies deprotonation during the forma-
tion of the complex. The melting point also indicates the purity
of metal complexes. The antimicrobial tests had been done by
using Kirby-Bauer paper disc diffusion over metal complexes
on three species namely, Escherichia coli, Pseudomonas aerogi-
nosa (Gram-negative) and Staphylococcus aureus (Gram-
positive) with various concentrations (25, 12.5, 6.25 and 3.125
µg/µL) which suggests gorgeous antibacterial activity and
comparable sensitivity test of ligand, as well as metal complexes
truly, shows that they exhibit strong activity against E. coli.
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TABLE-4 
ANTIBACTERIAL GROWTH DATA OF CADMIUM AND MOLYBDENUM METAL COMPLEXES 

Diameter of zone of inhibition (mm) 
Complexes 

S. aureus P. aeruginosa E. coli 

Conc. (µg/µL) 25 12.5 6.25 3.125 25 12.5 6.25 3.125 25 12.5 6.25 3.125 
Zr-Tc/Sal 12 11 10 9 13 12 10 9 13 12 10 8 
Pd-Tc/Sal 26 24 23 22 14 13 12 10 27 24 23 21 

Amk (30 mcg/disc) 18 25 28 
Tc 31 31 31 

DMSO 0 0 0 
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TABLE-5 
BOND LENGTH AND BOND ANGLE OF Zr COMPLEX 

Atom Bond length (Å) Atom Bond angle (°) 

O(28)-Zr(41) 
O(25)-Zr(41) 
O(40)-Zr(41) 
C(12)-O(42) 
O(37)-Zr(41) 
C(36)-O(40) 
C(39)-N(22) 
N(22)-C(38) 
C(35)-O(37) 
C(34)-C(36) 
C(35)-C(30) 
C(34)-C(35) 
C(33)-C(34) 
C(32)-C(33) 
C(31)-C(32) 
C(30)-C(31) 
C(7)-O(29) 

C(26)-O(28) 
C(26)-N(27) 
C(16)-C(26) 
C(17)-O(25) 
C(10)-C(24) 
C(10)-O(23) 
C(18)-N(22) 
C(11)-O(21) 
C(3)-O(20) 

C(15)-O(19) 
C(18)-C(13) 
C(17)-C(18) 
C(16)-C(17) 
C(15)-C(16) 
C(12)-C(15) 
C(14)-C(9) 

C(13)-C(14) 
C(12)-C(13) 
C(11)-C(12) 
C(8)-C(11) 
C(10)-C(5) 
C(9)-C(10) 
C(8)-C(9) 
C(7)-C(8) 
C(4)-C(7) 
C(6)-C(1) 
C(5)-C(6) 
C(4)-C(5) 
C(3)-C(4) 
C(2)-C(3) 
C(1)-C(2) 

2.0989 
2.0844 
2.0968 
1.4195 
2.0831 
1.2369 
1.4593 
1.4569 
1.3776 
1.3751 
1.3514 
1.3644 
1.3532 
1.3400 
1.3362 
1.3384 
1.2134 
1.2358 
1.3661 
1.3835 
1.3763 
1.5318 
1.4124 
1.4697 
1.3637 
1.3678 
1.2138 
1.5353 
1.5263 
1.3618 
1.3754 
1.5473 
1.5336 
1.5245 
1.5209 
1.5364 
1.3566 
1.5140 
1.5230 
1.5083 
1.3730 
1.3758 
1.3354 
1.3459 
1.3547 
1.3623 
1.3460 
1.3350 

 
 
 

1.4120 
 

1.2080 
1.4380 
1.4380 
1.3550 
1.5170 
1.4200 
1.4200 
1.4200 
1.4200 
1.4200 
1.4200 
1.2080 
1.2080 
1.3690 
1.5170 
1.3550 
1.5140 
1.4030 
1.4380 
1.3550 
1.3550 
1.2080 
1.5230 
1.4970 
1.3370 
1.5170 
1.5090 
1.5230 
1.5230 
1.5140 
1.4970 
1.3370 
1.4970 
1.5140 
1.4970 
1.5170 
1.5170 
1.4200 
1.4200 
1.4200 
1.4200 
1.4200 
1.4200 

Atom Bond angle (°) 

O(28)-Zr(41)-O(37) 
O(25)-Zr(41)-O(40) 
O(25)-Zr(41)-O(37) 
O(40)-Zr(41)-O(37) 
Zr(41)-O(40)-C(36) 
Zr(41)-O(37)-C(35) 
O(40)-C(36)-C(34) 
O(37)-C(35)-C(30) 
O(37)-C(35)-C(34) 
C(30)-C(35)-C(34) 
C(36)-C(34)-C(35) 
C(36)-C(34)-C(33) 
C(35)-C(34)-C(33) 
C(34)-C(33)-C(32) 

117.4328 
116.5393 
119.5671 
97.5287 
110.2415 
113.1231 
138.2045 
114.6912 
128.1872 
117.1135 
125.4398 
116.0640 
118.4962 
122.8864 

 
 
 
 
 
 
 

124.3000 
124.3000 
120.0000 
117.6000 
117.6000 
120.0000 

 

C(33)-C(32)-C(31) 
C(32)-C(31)-C(30) 
C(35)-C(30)-C(31) 
Zr(41)-O(28)-C(26) 
O(28)-C(26)-N(27) 
O(28)-C(26)-C(16) 
N(27)-C(26)-C(16) 
Zr(41)-O(25)-C(17) 
C(39)-N(22)-C(38) 
C(39)-N(22)-C(18) 
C(38)-N(22)-C(18) 
N(22)-C(18)-C(13) 
N(22)-C(18)-C(17) 
C(13)-C(18)-C(17) 
O(25)-C(17)-C(18) 
O(25)-C(17)-C(16) 
C(18)-C(17)-C(16) 
C(26)-C(16)-C(17) 
C(26)-C(16)-C(15) 
C(17)-C(16)-C(15) 
O(19)-C(15)-C(16) 
O(19)-C(15)-C(12) 
C(16)-C(15)-C(12) 
C(9)-C(14)-C(13) 

C(18)-C(13)-C(14) 
C(18)-C(13)-C(12) 
C(14)-C(13)-C(12) 
O(42)-C(12)-C(15) 
O(42)-C(12)-C(13) 
O(42)-C(12)-C(11) 
C(15)-C(12)-C(13) 
C(15)-C(12)-C(11) 
C(13)-C(12)-C(11) 
O(21)-C(11)-C(12) 
O(21)-C(11)-C(8) 
C(12)-C(11)-C(8) 

C(24)-C(10)-O(23) 
C(24)-C(10)-C(5) 
C(24)-C(10)-C(9) 
O(23)-C(10)-C(5) 
O(23)-C(10)-C(9) 
C(5)-C(10)-C(9) 

C(14)-C(9)-C(10) 
C(14)-C(9)-C(8) 
C(10)-C(9)-C(8) 
C(11)-C(8)-C(9) 
C(11)-C(8)-C(7) 
C(9)-C(8)-C(7) 

O(29)-C(7)-C(8) 
O(29)-C(7)-C(4) 
C(8)-C(7)-C(4) 
C(1)-C(6)-C(5) 
C(10)-C(5)-C(6) 
C(10)-C(5)-C(4) 
C(6)-C(5)-C(4) 
C(7)-C(4)-C(5) 
C(7)-C(4)-C(3) 
C(5)-C(4)-C(3) 

O(20)-C(3)-C(4) 
O(20)-C(3)-C(2) 
C(4)-C(3)-C(2) 
C(3)-C(2)-C(1) 
C(6)-C(1)-C(2) 

118.9784 
118.5948 
123.9296 
110.3553 
111.0664 
137.1615 
109.9398 
108.7610 
108.5503 
112.2253 
115.6873 
113.3836 
113.5587 
108.0743 
109.6929 
127.2787 
123.0236 
121.1101 
119.0438 
119.8314 
121.6163 
115.6718 
122.7119 
109.7934 
114.9514 
111.1424 
109.9451 
106.4210 
112.1782 
104.3920 
106.4335 
115.8653 
111.5569 
112.0453 
123.2620 
124.3437 
107.7722 
108.2598 
115.0349 
111.3993 
107.1700 
107.2569 
111.7299 
114.0193 
109.7637 
119.9329 
121.9602 
118.0044 
119.9074 
118.7473 
121.3103 
121.0918 
117.8442 
121.2058 
120.7592 
120.1926 
121.4992 
118.2898 
126.3191 
114.4642 
119.1581 
122.5248 
118.1454 

 
 
 
 

122.6000 
123.0000 
112.7400 

 
107.7000 
107.7000 
107.7000 
108.8000 

 
109.5100 
120.0000 
124.3000 
121.4000 
117.6000 
117.6000 
117.6000 
123.0000 
122.5000 
115.0000 
109.5000 
109.5100 
109.5100 
109.5100 
109.5000 
107.5000 
109.5000 
107.8000 
109.4700 
109.4700 
120.0000 
124.3000 
121.4000 
107.5000 
109.4700 
109.4700 
109.5000 
107.5000 
109.4700 
109.5100 
109.5100 
109.5100 
121.4000 
117.6000 
120.0000 
123.0000 
123.0000 
115.0000 

 
121.4000 
121.4000 
120.0000 
117.6000 
117.6000 
120.0000 
124.3000 
124.3000 
120.0000 

 
 

 

Vol. 32, No. 6 (2020)    Synthesis and Antibacterial Assessment of Zr(II) and Pd(II) Complexes of Tetracycline-Salicylaldehyde Mixed Ligand  1479



TABLE-6 
BOND LENGTH AND BOND ANGLE OF Pd COMPLEX 

Atom Bond length (Å) Atom Bond angle (°) 
O(28)-Pd(41) 
O(25)-Pd(41) 
O(40)-Pd(41) 
C(12)-O(42) 
O(37)-Pd(41) 
C(36)-O(40) 
C(39)-N(22) 
N(22)-C(38) 
C(35)-O(37) 
C(34)-C(36) 
C(35)-C(30) 
C(34)-C(35) 
C(33)-C(34) 
C(32)-C(33) 
C(31)-C(32) 
C(30)-C(31) 
C(7)-O(29) 

C(26)-O(28) 
C(26)-N(27) 
C(16)-C(26) 
C(17)-O(25) 
C(10)-C(24) 
C(10)-O(23) 
C(18)-N(22) 
C(11)-O(21) 
C(3)-O(20) 

C(15)-O(19) 
C(18)-C(13) 
C(17)-C(18) 
C(16)-C(17) 
C(15)-C(16) 
C(12)-C(15) 
C(14)-C(9) 

C(13)-C(14) 
C(12)-C(13) 
C(11)-C(12) 
C(8)-C(11) 
C(10)-C(5) 
C(9)-C(10) 
C(8)-C(9) 
C(7)-C(8) 
C(4)-C(7) 
C(6)-C(1) 
C(5)-C(6) 
C(4)-C(5) 
C(3)-C(4) 
C(2)-C(3) 
C(1)-C(2) 

1.9186 
1.9067 
1.9577 
1.4198 
1.9093 
1.2359 
1.4590 
1.4572 
1.3647 
1.3597 
1.3464 
1.3449 
1.3444 
1.3417 
1.3411 
1.3417 
1.2134 
1.2329 
1.3653 
1.3815 
1.3732 
1.5316 
1.4124 
1.4697 
1.3634 
1.3678 
1.2138 
1.5334 
1.5241 
1.3600 
1.3761 
1.5485 
1.5334 
1.5246 
1.5207 
1.5372 
1.3568 
1.5141 
1.5226 
1.5085 
1.3730 
1.3759 
1.3354 
1.3458 
1.3548 
1.3623 
1.3460 
1.3350 

 
 
 

1.4120 
 

1.2080 
1.4380 
1.4380 
1.3550 
1.5170 
1.4200 
1.4200 
1.4200 
1.4200 
1.4200 
1.4200 
1.2080 
1.2080 
1.3690 
1.5170 
1.3550 
1.5140 
1.4030 
1.4380 
1.3550 
1.3550 
1.2080 
1.5230 
1.4970 
1.3370 
1.5170 
1.5090 
1.5230 
1.5230 
1.5140 
1.4970 
1.3370 
1.4970 
1.5140 
1.4970 
1.5170 
1.5170 
1.4200 
1.4200 
1.4200 
1.4200 
1.4200 
1.4200 

Atom Bond angle (°) 
O(28)-Pd(41)-O(25) 
O(28)-Pd(41)-O(40) 
O(28)-Pd(41)-O(37) 
O(25)-Pd(41)-O(40) 
O(25)-Pd(41)-O(37) 
O(40)-Pd(41)-O(37) 
Pd(41)-O(40)-C(36) 
Pd(41)-O(37)-C(35) 
O(40)-C(36)-C(34) 
O(37)-C(35)-C(30) 
O(37)-C(35)-C(34) 
C(30)-C(35)-C(34) 
C(36)-C(34)-C(35) 
C(36)-C(34)-C(33) 
C(35)-C(34)-C(33) 

105.4056 
77.2374 
120.9912 
76.0215 
118.4376 
77.3124 
110.3238 
111.9655 
128.9963 
122.0481 
120.1909 
117.7490 
116.3097 
122.1389 
121.5510 

 
 
 
 
 
 
 
 
 

124.3000 
124.3000 
120.0000 
117.6000 
117.6000 
120.0000 

C(34)-C(33)-C(32) 
C(33)-C(32)-C(31) 
C(32)-C(31)-C(30) 
C(35)-C(30)-C(31) 
Pd(41)-O(28)-C(26) 
O(28)-C(26)-N(27) 
O(28)-C(26)-C(16) 
N(27)-C(26)-C(16) 
Pd(41)-O(25)-C(17) 
C(39)-N(22)-C(38) 
C(39)-N(22)-C(18) 
C(38)-N(22)-C(18) 
N(22)-C(18)-C(13) 
N(22)-C(18)-C(17) 
C(13)-C(18)-C(17) 
O(25)-C(17)-C(18) 
O(25)-C(17)-C(16) 
C(18)-C(17)-C(16) 
C(26)-C(16)-C(17) 
C(26)-C(16)-C(15) 
C(17)-C(16)-C(15) 
O(19)-C(15)-C(16) 
O(19)-C(15)-C(12) 
C(16)-C(15)-C(12) 
C(9)-C(14)-C(13) 

C(18)-C(13)-C(14) 
C(18)-C(13)-C(12) 
C(14)-C(13)-C(12) 
O(42)-C(12)-C(15) 
O(42)-C(12)-C(13) 
O(42)-C(12)-C(11) 
C(15)-C(12)-C(13) 
C(15)-C(12)-C(11) 
C(13)-C(12)-C(11) 
O(21)-C(11)-C(12) 
O(21)-C(11)-C(8) 
C(12)-C(11)-C(8) 

C(24)-C(10)-O(23) 
C(24)-C(10)-C(5) 
C(24)-C(10)-C(9) 
O(23)-C(10)-C(5) 
O(23)-C(10)-C(9) 
C(5)-C(10)-C(9) 

C(14)-C(9)-C(10) 
C(14)-C(9)-C(8) 
C(10)-C(9)-C(8) 
C(11)-C(8)-C(9) 
C(11)-C(8)-C(7) 
C(9)-C(8)-C(7) 

O(29)-C(7)-C(8) 
O(29)-C(7)-C(4) 
C(8)-C(7)-C(4) 
C(1)-C(6)-C(5) 
C(10)-C(5)-C(6) 
C(10)-C(5)-C(4) 
C(6)-C(5)-C(4) 
C(7)-C(4)-C(5) 
C(7)-C(4)-C(3) 
C(5)-C(4)-C(3) 

O(20)-C(3)-C(4) 
O(20)-C(3)-C(2) 
C(4)-C(3)-C(2) 
C(3)-C(2)-C(1) 
C(6)-C(1)-C(2) 

119.6599 
119.7177 
119.9319 
121.3887 
110.2716 
111.1774 
136.4600 
110.6701 
111.2453 
108.6976 
112.1732 
115.8804 
113.2471 
113.5017 
107.9332 
108.5516 
128.4153 
123.0186 
121.8930 
118.6487 
119.4532 
121.4936 
115.2588 
123.2467 
109.4978 
114.8769 
111.1117 
110.0174 
106.5241 
112.3297 
104.3594 
106.6587 
116.0118 
110.9949 
112.2028 
123.1081 
124.3046 
107.8185 
108.3483 
115.0343 
111.3898 
107.1622 
107.1377 
111.8702 
114.0879 
109.7362 
120.0652 
121.9652 
117.8666 
119.8504 
118.8096 
121.3014 
121.0809 
117.8315 
121.2188 
120.7695 
120.1932 
121.4998 
118.2888 
126.3340 
114.4593 
119.1485 
122.5329 
118.1487 

 
 
 
 
 

122.6000 
123.0000 
112.7400 

 
107.7000 
107.7000 
107.7000 
108.8000 

 
109.5100 
120.0000 
124.3000 
121.4000 
117.6000 
117.6000 
117.6000 
123.0000 
122.5000 
115.0000 
109.5000 
109.5100 
109.5100 
109.5100 
109.5000 
107.5000 
109.5000 
107.8000 
109.4700 
109.4700 
120.0000 
124.3000 
121.4000 
107.5000 
109.4700 
109.4700 
109.5000 
107.5000 
109.4700 
109.5100 
109.5100 
109.5100 
121.4000 
117.6000 
120.0000 
123.0000 
123.0000 
115.0000 

 
121.4000 
121.4000 
120.0000 
117.6000 
117.6000 
120.0000 
124.3000 
124.3000 
120.0000 
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