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INTRODUCTION 

Coordination complexes is so important in chemistry and 

biochemistry that some of their basic features are worth 

knowing and they play an especially crucial role in 

physiology and biochemistry. Metal complexes of 

biologically important ligands are sometimes more 

effective than free ligands.
[1] 

Heterocyclic compounds 

play an important role in many biological systems, 

especially N- based ligand, which being a component of 

several vitamins and drugs.
[2]

 Vitamins are one of the 

basic regulatory diet which performs many physiological 

functions and metabolic processes. Niacin is one of the 

water soluble B- vitamin and is converted to the 

coenzyme of nicotinamide in brain, blood, kidney and 

liver.
[3] 

 

Nicotinamide, also known as niacinamide is the amide of 

nicotinic acid (vitamin B3/niacin). Nicotinamide is a 

water soluble vitamin and is a part of vitamin B group. 

Niacin is converted to nicotinamide in vivo.
[4]

 

Nicotinamide as a neutral ligand is a part of the pyridine 

nucleotides as NAD C and NADP C , which takes apart 

in redox reactions.
[5,6]

 The deficiency of the vitamin 

niacin causes pellagra, a human disease characterised by 

weakness, diarrhea, dermatitis and nervous disorders.
[7,8]

 

The interaction of nicotinamide with transition metal 

elements is important for understanding the effect of it 

on vital organs, thus a number of nicotinamide 

complexes have been investigated  both structurally and 

spectroscopically.
[9-13] 

 

Nicotinamide is one of the essential compound for 

growth cells
[14]

 and its excess in human body causes 

increase of lipid peroxidation and its shortage decreasing 

level of antioxidants such as Vitamin E, or 

glutathione.
[15]

 Moreover, nicotinamide is known for as 

substance helping against cell apoptosis caused by free 

radical presence, it is frequently used in treatment of 

different skin diseases or in prevention against some 

neurodegenerative diseases as Alzheimer one.
[16] 

 

In this context, the complexes of Co(II), Fe(II), Mn(II) 

with nitrite ion as a ligand and nicotinamide as a co-

ligand have been synthesised and characterised by UV 

and IR. Antimicrobial activity of these complexes were 

also investigated by Growth curve method and their 

activities than the original nicotinamide against the tested 

bacteria has been reported. 

 

2. Experimental 

2.1 MATERIALS AND METHODS 

Nicotinamide and sodium nitrite were purchased from 

Fisher Scientific company, India and solvents were used 

as such.. All analytical reagent grade chemicals were 

obtained from the commercial sources and used without 

purification. 

 

2.2 Synthesis of Metal Complexes 

Co(II), Fe(II), Mn(II) complexes of Nicotinamide were 

synthesised by reacting 30 ml absolute alcohol solution 

containing 0.01mmol each of the metal (II) nitrates, 

separately with an alcoholic solution of Nicotinamide 

(NA). The mixture was heated and cooled. Then an 

alcoholic solution of sodium nitrite (NaNO2) was added 

and shaken well in a RB flask and metal complexes were 

formed as insoluble precipitates after refluxing the 
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ABSTRACT 

Mixed ligand complexes of Co(II), Fe(II) and Mn(II) based on Nitrite ligand and Nicotinamide as a co-ligand have 

been prepared and characterized by spectroscopic and anti microbial activities. The M-N stretching frequency and 

O-N=O bending frequency  in Infra red (IR) spectrum shows that the nitrite ion enters into the coordination sphere 

and the bands observed in UV- Visible region predicts the electronic transitions and geometry of the complexes. 

The anti microbial studies was reported by Growth curve method and found the supporting and inhibiting metal 

complexes over the tested microorganism. 
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reaction mixture for 5-6 hours.  These precipitates were 

filtered, washed and dried at room temperature. The 

structure of the metal complexes is shown in Fig 1. 

 

 
Fig. 1 Structure of mixed metal complexes M- Fe, 

Mn, Co. 

 

2.3 Characterisation of the complexes 

Infra red spectra of the ligand and its complexes were 

recorded in KBr pellets in the range (4000 – 400)cm
-1

 on 

spectrum RXI model IR spectrometer. Electronic spectra 

were taken on Lambda 35 model UV visible 

spectrometer. 

 

Anti microbial studies  -  Growth Curve Method 

The Anti microbial activity of the synthesised complexes 

were determined by Growth Curve method with the 

following procedure using Spectrophotometer. Nutrient 

broth (250ml) was sterilized in an autoclave and to that 

2ml of synthesised complex solution was added. E.coli 

bacteria was inoculated into the solution and the flask 

was swirled for an even suspension of bacteria and the 

flask is kept in 37˚c incubator. 2ml of these sample 

solution is taken in a cuvette and the absorbance for zero 

time is noted in the spectrophotometer. In order to obtain 

a good growth curve, the readings are taken for a period 

of time for different samples and also for the blank 

solution which is kept as standard. 

 

From these values, a graph is plotted with Optical 

density (O.D) vs Time. These measurements of O.D are 

not direct measurements of bacterial numbers, but an 

indirect measurement of cell biomass that includes both 

living and dead cells. 

 

3. RESULTS AND DISCUSSION 

3.1 Electronic spectra 

The UV-Visible spectra of the complexes in DMF 

medium were obtained in the range of 200-800 nm. The 

results are shown in Table -1 and Fig – 2. 

 

 

 

 

 
 

Table 1: The UV-Visible value and probable geometry of complexes. 

 

 

 

 

 
 

 

 

 

 

 

 

In Manganese there are five unpaired electrons with 

parallel spins. Any electronic transitions within the d 

level must involve a reversal of spins, and in common 

with all other spin forbidden transitions any absorption 

band will be extremely weak. The ground state term is 
6
S 

of the 11 excited states, the four quarters 
4
G, 

4
F, 

4
D, 

4
P 

involve the reversal of only one spin. The other seven 

states are doublets, doubly spin forbidden and are 

unlikely to be observed. The bands due to the transitions 

of the free ion terms, 
4
P and 

4
D occur in the UV region 

Complex 
Absorption maxima Transition 

Assignments 
Probable 

geometry λmax cm
-1 

[ Mn(NO2)2(NA)2] 
2 1 3 . 6 2  
2 6 2 . 0 6  

4 6 8 1 2  
3 8 1 5 9  

4 E g (
4
D )

6
A 1 g  

Distorted 

octahedral 

[Co(NO2)2(NA)2] 
3 8 7 . 1 5  
4 8 4 . 1 1  

2 5 8 2 9  
2 0 6 5 6  

.   4 T 1 g 4 A 2 g  
Distorted 

octahedral 

[Fe(NO2)2(NA)2] 
215.62 
262.47 

46377 
38099 

5Eg  5 T 2 g  
Distorted 

octahedral 
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and are obscured by the CT band. 
4
Eg

6
A1g band is 

observed in the Mn(II) complexes in the UV region 

which indicates with the distorted octahedral geometry. 

 

The electronic spectra of the six coordinate complexes of 

Co (II) complexes are expected to show the following 

transitions, 4T1g(P)←4A2g←4T2g←4T1g(f) at ~20000 

cm
-1

.
[17]

 In the present study, the cobalt complex showed 

broad intense bands at 20656, 25829 cm
-1

 predicting the 

distorted octahedral geometry. 

The electronic spectra of Fe complex shows band at 

38099cm
-1

 which also gives distorted octahedral 

geometry. 

 

3.2 I R SPECTRA 

In IR spectra, the change in the band position or 

appearance of any new bands tells us that whether the 

ligands have entered the coordination sphere or not. The 

shifts in the IR vibrational bands of the ligands on 

complex formation provides useful information about the 

bonding characteristics of the complex. 

 

Table 2:  I. R spectra of the Nicotinamide complexes (cm
-1

) 

Compound υ N- H υ C=O υ C=N 
Hydrogen 

bonding 
υ M-N 

Nicotinamide 3366 1613 1396 2779 --------- 
[Co(NO2)2(NA)2] 3203 1609 1384 2761 695 
[Mn(NO2)2(NA)2] 3310 1622 1392 2760 695 
[Fe(NO2)2(NA)2] 3382 1677 1389 2779 675 

 

The IR spectrum of the Nicotinamide ligand was 

compared with the other synthesised metal complexes. 

The absorption bands at 3361cm
-1

 due to N-H2 vibration 

is seen in free Nicotinamide and same range of peaks 

were observed in the Co, Mn and Fe complexes 

mentioning that NH2 groups are not involved in the 

coordination.
[18]

 The broadness of the peak may due to 

the hydrogen bonding by water molecules. The υ (C=O) 

vibrations at 1613 cm
-1

 in Free Nicotinamide was also 

observed in Co, Mn, Fe complexes without any 

noteworthy change. The υ (C=N) band at 1396cm
-1

 in the 

Nicotinamide was shifted in the Co, Mn, Fe complexes 

says that the coordination takes place at the Nitrogen of 

the pyridine ring. The free pyridine ring vibration shows 

very little shift upon coordination. The bands between 

670 – 690cm
-1

 in the IR spectra of the metal complexes 

were absent in the IR spectrum of free Nicotinamide 

predicting that the bands in these regions corresponds to 

the M-N stretching band.
[19]

 The IR spectrum of pure 

nitrite ion has the N-O stretching frequency at 1680  - 

1610 cm
-1

. O-N=O bending frequency occurs at 690 -

620cm
-1

. In metal complexes, there is a shift to very low 

frequency. This observation indicates that the Nitrite 

ligand has entered into the coordination sphere. 

 

 
Figure.2 IR spectra for mixed metal complexes. 
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3.3 MICROBIAL ACTIVITY 

 
Figure 3: Growth curve for mixed metal complexes. 

 

From the growth curve method the biological activity of 

the complexes were found by determining the Optical 

density values for the bacterial culture and all the metal 

complexes inoculated with bacteria. The bacterial cell 

population increases, the amount of transmitted light 

decreases, increasing the absorbance reading on the 

spectrophotometer. The readings are taken for the same 

culture over a period of time and the absorbance readings 

increases as the cell number increases. 

 

Optical density values of Mn and Fe complexes increases 

with increase in time showing the increase in microbial 

activity. The growth of the microbes were found to 

increase when incubated along with the Mn and Fe 

complexes compared with Cobalt complex or free 

nicotinamide. Hence Mn and Fe complexes were 

considered to be a good supportive agent for bacterial 

growth. 

 

O. D values of cobalt complex was increased initially 

and later it gets decreased displaying that the complex 

may be inert to the microbial growth and does not show 

any specific effect on the microbes. Hence Cobalt 

complex was an inhibiting agent for the microbes. 

 

CONCLUSION 

Co (II), Mn (II) and Fe(II) complexes have been 

synthesised with nitrite and nicotinamide as a coligand. 

These complexes were characterised with IR spectra 

which predicts that nicotinamide is a chelating ligand 

and it coordinates to the metal ions through the nitrogen 

of the pyridine ring. The electronic spectral studies 

revealed that these complexes are hexa coordinated and 

possess distorted octahedral geometry. The results of the 

antibacterial activity of the complexes by growth curve 

method predicts that the Mn and Fe inoculated 

nicotinamide complex acts as a good supporting agent 

towards the bacteria whereas the cobalt complex 

suppresses the activity and acts as an inhibiting agent 

towards the microbes. 
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