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Abstract 

Aspirin is also known as acetylsalicylic acid. Its 

molecular formula is C9H8O4.  Aspirin is NSAID 

(Nonsteroidal anti-inflammatory drug) but it 

suppresses the normal functioning of platelets. 

Physiochemical and microbial studies of 2-Acetoxy 

benzoic acid (Aspirin) and its complex with Fe(III) 

have been done in aqueous and solid phase. 

Polarographic i.e. Direct current Polarography 

(DCP)& Differential Pulse Polarography (DPP) and 

Amperometric titration methods have been used for 

the qualitative and quantitative analysis of Aspirin 

and its complex with Fe(III). Metal ligand 

interaction studied using Polarographic method at 25 

± 1⁰C and ionic strength of µ = 1.0 (Ammonium 

chloride Buffer). 

On the basis of results of Polarography, 

Amperometry and IR Spectral studies the probable 

formula of Fe(III) - Aspirin has been designed and 

stoichiometric ratio is 1:2 (M: L). The drug co-

ordinated to metal through the two oxygen atom of 

carboxyl group thus the drug act as bidentate ligand, 

which is finding from IR spectral analysis data. 

Microbial study of Fe(III)- Aspirin complex has been 

done against various pathogenic bacteria viz. 

Staphylococcus aureus, Bacillus pumilus, Proteus 

mirabilis and Escherichia coli. Using Disc diffusion 

method. The results revealed that the complex is 

more potent as compared to the parent drug. 

Key words: Aspirin, DCP, IR spectra, Aspirin-

Fe(III) complex, Antimicrobial. 

                                                                

INTRODUCTION: 

Metal ions are essential constituents of living 

organisms; these are involved in several biochemical 

processes. Bio-metals are playing many critical 

functions in human body system1. The use of 

transition metal complexes as therapeutic 

compounds has become more and more pronounced. 

The importance of Metal-Drug complex has been 

very well established in the pharmacological and 

medicinal field2. Several trace metals such as Fe, Co, 

Zn, Cd and Ni are essential for health and for the 

maintenance of human biological system. The 

complex of the life essential metals plays significant 

role, they act as enzyme activator4.The advantage of 

complexes of Fe, Ni, Zn, Co, etc. with different 

types of drugs have been discussed by a numbers of 

workers5-7 

Various research work has been done in the field of 

metal-drug complex3.These complexes offer a great 

diversity in their action like anti-histaminic, anti-

biotic, anti-inflammatory compounds. Considerable 

efforts are made for the development of transition 

metal complexes as drugs. Beside several limitations 

and side effects, transition metal complexes are still 

the most widely involved in multiple biological 

processes, from electron transfer to catalysis to 

structural roles and also associated with active sites 

of proteins and enzymes8. 
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Figure1. Chemical structure of Aspirin 

 

MATERIAL AND METHODS: 

Chemical and reagents 

Aspirin (C9H8O4) purchased from Alfa Aesar 

Heysham, England.The chemicals used were of 

AnalaR/BDH grade. Doubly distilled water and 

absolute ethanol (55:45 v/v) is used as solvent. 

Aspirin (C9H8O4) solution (2.5 mM) is prepared by 

dissolving the requisite amount in (55:45 v/v) 

distilled water: ethanol. Stock solutions of 1 M 

potassium chloride and Ammonia-ammonium 

Chloride buffer were prepared by dissolving a 

requisite quantity of each compound in suitable 

solvent. The pH of the test solution was adjusted to 

8.0±0.1 pH by dilute solutions of HCl, NaOH 

whenever necessary.  

Synthesis of solid drug metal complex 

Ferric (III) salts and 2-Acetoxy benzoic acid solution 

were prepared separately in distilled water and ethyl 

alcohol (55:45 v/v) and were mixed in 1:2 molar 

ratio. The mixture was then refluxed in a round 

bottom flask for 2 and half h. the residue was filtered 

and washed thoroughly to remove any unreacted 

material. The complex was dried at low temperature 

and stored over P4O10. The elemental (C, H and O) 

analysis of the drug and Fe (III) - Aspirin complex 

was furnished by CDRI Lucknow, India. 

Polarography and Amperometric titration 

All the Polarographic experimental studies (DCP and 

DPP) were carried out in exploratory mode and peak 

analysis in determination mode on software 

connected Ω metrotism 757VA computrace (ion 

analyzer). The Polarographic cell consisted of a three 

electrode assembly and a stirrer having a dropping 

mercury electrode (DME) as a working electrode, a 

platinum wire as an auxiliary electrode and saturated 

calomel electrode as a reference electrode. The 

nitrogen gas was bubbled for 15 minutes. A 

systronics digital pH meter model- 361 was used for 

pH measurements. 

The Amperometric titrations were performed on a 

manually operated set up equipped with a polyflex 

galvanometer (sensitivity 8.1×10−9 amp/div.) and an 

AJCO Vernier potentiometer. The capillary 

characteristic of the DME had a m2/3, t1/6 value of 2.5 

mg2/3 s−1/2 at 60 cm effective height of mercury 

column.  

IR Spectroscopy 

The IR spectrum of solid complex was recorded 

using KBr pellets on a BRUKER Alpha ATR FTIR 

spectrophotometer of Sagar Institute of research 

Technology- Pharmacy, Bhopal, equipped with a 

Spectra-Tech Diffuse Reflectance Accessory (DRA). 

The spectrometer is equipped with the following: an 

air-cooled DTGS detector, a KBr beam splitter with 

a spectral range of 4000 to 650 cm-1. The instrument 

was run under vacuum during spectral acquisition. 

Spectra were recorded at a resolution of 4 cm-1, with 

the co-addition of 128 scans and a Blackman-Harris 

3-Term apodization function was applied. Prior to 

analysis the samples were mixed, and lightly ground, 

with finely ground spectroscopic grade KBr. The 

spectra were then recorded using the Kubelka83 

Munk mathematical function in the OPUS software 

to convert the spectra from reflectance into 

absorbance. 
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Antimicrobial screening 

The purpose of Kirby – Bauer Disk Diffusion 

Susceptibility test is to determine the sensitivity or 

resistance of pathogenic aerobic and facultative 

anaerobic bacteria to various antimicrobial 

compounds in order to assist a physician in selecting 

treatment options for his /her patients the pathogenic 

organism is grown in Muller–Hinton Agar in the 

presence of various antimicrobial impregnated filter 

paper discs was used. The presence or absence of 

growth around the disks is an indirect measure of the 

ability of that compound to inhibit the 

microorganisms9.  

RESULT AND DISCUSSION: 

 Polarographic behavior of Fe (III)- Aspirin 

complex 

Fe(III) give a well-defined polarographic waves and 

peaks with Half wave potential E1/2 and Ep-1.4V. 

The metals and its complexes with the ligand 

understudy were found to be reversibly reduced 

involving two and three electrons. Which was 

evidenced by the plots of log i/(id-i) versus Potential 

(E). The shift in half wave potentials towards a more 

negative value a with increasing concentration of 

ligand and decrease in diffusion current indicated 

complex formation between bio metal ions to be 

used i.e. Fe(III) with drug Aspirin. The curves are 

shown in Figures 2. 

 

Figure 2. DP Polarogram of Fe(III) in 0.1 M 

Ammonium-Ammonium Chloride at pH 8.0±0.1 

and with and without Aspirin, (i) 0.25 mM 

Aspirin (ii) 0.5 mM Aspirin (iii) 1.0 mM Aspirin 

and (iv) 1.5 mM Aspirin 

 

Amperometric determination of Fe(III)- Aspirin 

complex 

Fe (III) gives a well-defined Polarographic wave in 

0.1M KCl and 0.001% gelatine at pH 7.0 ± 0.1, the 

half wave potential (E1/2) -1.41 V versus SCE. The 

diffusion current was found proportional to the 

concentration of Fe (III). The aspirin drug does not 

produce any wave under the said experimental 

conditions. The plateau potential for the 

polarographic wave of Fe(III) was -1.4 V versus Hg 

pool was applied for carrying out titration. On 

performing the amperometric of aspirin solution with 

standard solution of Fe (III), the current volume plots 

resulted in “L” shaped curve. The end point is 

determined by graphical method revealed metal to 

drug ratio of 1:2. The result is shown in Figure 3. 
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Figure 3. Amperometric titration of Aspirin 

(2mM/10ml) with Fe (III) (1mM/10ml) solution in 

0.1 M KCl Supporting Electrolyte at pH 7.0±0.1. 

Spectrometric measurement The absorption band 

at 3776.3cm-1 in the spectrum of free Aspirin has 

been attributed to O-H group. These bands undergo 

hypsochromic shift to 3235.3cm-1 and 3101.5cm-1 in 

the metal complexes. The shifting of these (O-H) 

stretching vibrational band provide evidence that this 

group is one of the coordination sites of Aspirin. 

This is also supported by broad bands at 294.9cm 1, 

852cm-1 and 803.3cm-1 attributed to O-H bending 9. 

The bands at 1417.5cm-1 has been assigned to 

carboxylic acid, this bands also undergo 

hypsochromic shift in the spectra of the complexes. 

The shifting of these (C=O) stretching bands 

provides evidence that this group is also one of the 

coordination sites of Aspirin. The strong absorption 

bands between the ranges of 651.3cm-1 on the 

spectra of the metal complexes which could not be 

traced to free Aspirin have been tentatively assigned 

to [M-OH] and [M-O=C] stretch bands of the 

metal complexes. The obtained IR g spectra of 

Aspirin-Fe (III) complex is shown in figure 4. 

 

Figure 4. IR Spectra of Fe (III) - Aspirin comple 

Antimicrobial activity of Fe (III) - Aspirin 

complex 

The results show in table 1. On the basis of obtained 

results by antimicrobial activity against various 

bacteria it could be concluded that Aspirin-Fe(III) 

complex shows very good results show 50% 

inhibition against Basillus pumilus whereas control 

drug show only 25%. This complex shows 45% and 

42% inhibition with Proteus mirabilis and E. Coli 

respectively but this complex shows very low 

inhibition result with Staphylococcus aureus that is 

only 27% at 200 and 300mg concentration. 

Table: 1 Results of Antimicrobial study of Fe (III) 

- Aspirin Complex 
 

S.

N. 

Test 

Organism 

Inhibiti

on 

zone(m

m) due 

to 

comple

x 

(conc.-

1.0mM/ 

10ml 

(B) 

Contr

ol 

Fe(III

) 

metal 

(A) 

1mM/ 

10ml 

% 

change 

Over 

metal 

(A-

B/A)×1

00 

Contr

ol (Y) 

Aspiri

n 

drug 

(A) 

1.0m

M/ 

10ml 

% 

chan

ge 

Over 

Drug 

(Y-

B/Y) 

×100 

1 Staphylococ

cus aureus 

08 11 27 09 11 

2 Bacillus 

pumilus 

06 12 50 08 25 

3 Proteus 

mirabilis 

06 11 45 10 40 

4 Escherichia 

coli 

07 12 42 08 12 
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CONCLUSION 

Continuously advancing research in inorganic 

medicinal chemistry has opened up the new avenues 

in the field of synthesis of new metal complexes with 

high therapeutic values. Aspirin forms complexes 

with Fe (III) which has been characterized on the 

basis of elemental analysis, IR spectral, 

Polarographic and Amperometric analysis. The 

analytical results indicated a 1:2 (M: L) 

stoichiometry, structure of complex is shown in 

figure 5.  

 

Figure 4. Structure of Fe (III) - Aspirin complex 

The antibacterial studies on the drug and its complex 

were carried out against various pathogenic bacteria. 

The results revealed that the complex is more potent 

compared to the parental drug. 
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