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 Abstract: Tannic acid is a specific commercial form of tannin, a type of polyphenol. Its weak acidity (pKa 

around 10) is due to the numerous phenol groups in the structure. The chemical formula for commercial 

tannic acid is often given as C76H52O46. Its structure is based mainly on glucose esters of gallic acid. It is a 

yellow to light brown amorphous powder which is highly soluble in water. Tannic acid is a basic ingredient 

in the chemical staining of wood. The tannic acid or tannin is already present in woods like oak, walnut, and 

mahogany. Today tannic acid is  used in pharmaceutical applications to produce albumine tannate which is 

used as an anti-diarrhea agent. They found that Tannins have also been reported to exert many physiological 

effects, such as to accelerate blood clotting, reduce blood pressure, decrease the serum lipid level, produce 

liver necrosis, and modulate immune responses. Tannic acid due to its extensive donating centers can act as 

very good chelator. Already tannic acid complexes of copper and Iron were reported. In diagnostic medical 

science tannic acid is used for detecting peptic ulcer where Technetium-99m is used as the main radio active 

metal. In this work Mn complexes of tanic acid has been synthesized as Mn belong to the same group of Tc. 

The Complex is polymeric in nature which is insoluble in all common solvents. The complex is paramagnetic 

with only one unpaired electron which was proved by electron spectra 

Introduction: Tannic Acid (TA) is a naturally occurring antioxidant polyphenol that has gained popularity 

over the past decade in the field of biomedical research for its unique biochemical properties. Tannic acid is 

a specific commercial form of tannin, a type of poly phenol. It’s weak acidity is due to the numerous phenol 

groups in the structure. The chemical formula of commercial tannic acid is often given as C76H52O46. Its 

Structure is based mainly on glucose ester of gallic acid. It is a yellow to light brown amorphous powder 

which is highly soluble in water. Tannic acid, typically extracted from oak tree galls, has been used in many 

important historical applications [2,3,4]. TA is a key component in vegetable tanning of leather, iron gall 

ink, red wines, and as a traditional medicine to treat a variety of maladies. The study of TA has led to the 

development of many new pharmaceutical and biomedical applications. TA has been shown to reduce 
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inflammation as an antioxidant, act as an antibiotic in common pathogenic bacterium, and induce apoptosis 

in several cancer types[5,6,7,8]. TA has also displayed antiviral and antifungal activity. At certain 

concentrations, TA can be used to treat gastrointestinal disorders such as haemorrhoids and diarrhoea, severe 

burns, and protect against neurodegenerative diseases. TA has also been utilized in biomaterials research as 

a natural crosslinking agent to improve mechanical properties of natural and synthetic hydrogels and 

polymers, while also imparting anti-inflammatory, antibacterial, and anticancer activity to the materials. TA 

has also been used to develop thin film coatings and nanoparticles for drug delivery. In all, TA is fascinating 

molecule with a wide variety of potential uses in pharmaceuticals, biomaterials applications, and drug 

delivery strategies. 

Tannic acid is used in pharmaceutical applications to produce albumin tannates which is used as an anti-

diarrhea agent. Tannic Acid due to its extensive donating sites can act as a very good chelator. Already tannic 

acid complexes of copper and iron are reported [1]. In diagnosis medical science, tannic acid is used for 

detecting peptic ulcer where technetium-99m is used as the main radioactive metal. My aim is to determine 

the manganese complexes of Tannic acid as both Manganese and Technetium are in same group. I tried to 

prepare the complex in green method as this method saves energy. Green techniques have been widely 

reported as potential approaches for the synthesis of inorganic complexes, with the results being shown to be 

safe and environment friendly . Tannic acid (TA) is a natural polyphenol and one of the cheapest natural 

abundant functional materials [9,10]. Its five pyrogallol and five catechol groups provide multiple bonding 

sites with diverse interactions, such as ionic, coordination, hydrogen bonding, and hydrophobic interactions 

[11,12,13]. Its oxygen-rich functional groups, which include catechol and pyrogallol groups, can coordinate 

with variety of transition metal ions, forming coordination complexes. They possess metal–phenolic 

coordination and have been explored in the past [14,15,16,17,18]. A variety of metal–tannate coordination 

complexes and polymers have been applied as either thin films or particles with tailored properties [14] or in 

the formation of novel metallogels [17]. The use of TA as either porogen or an additive component in 

materials science has attracted great attention. This is due not only to its cheap, environmentally friendly, 

and nontoxic nature, but also its ability to be used as a non-surfactant template. For example, past research 

has demonstrated that TA can be used as a porogen to tune the porosity of other inorganic particles and make 

mesoporous materials with tunable mesopore sizes ranging from 6 to 13 nm [19,20,21,22,23]. The 
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coordination complex formation between tannic acid and iron(III) was demonstrated recently, albeit in a very 

few literature reports [24,25,26,27,28]. A supramolecular assembly of iron(III)-tannic acid metal–organic 

complex was developed as an antimicrobial spray nanocoating. It has demonstrated its utility as an 

antimicrobial coating in shoe insoles and fruits [24]. Additionally, a molecular nanoparticle-based Fe(III)-

tannic acid complex was previously synthesized using a low-cost, reproducible method and its 

physicochemical properties (including its capability of inducing autophagy effect in two selected liver cell 

lines) were studied [25,26,27,28]. Furthermore, a self-assembly of metal ions with tannic acid on various 

substrates was demonstrated using coordination programming to prepare multifunctional thin films and 

capsules [29,30,31,32,33]. 

 

Experimental 

Material 

All the chemicals used in this work were of analytical grade available commercially and were used without 

further purification.  
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Physical Measurement 

Infrared Spectra were recorded on a Jasco-5300 FT-IR spectrophotometer by using KBr pellets. A perkin 

Elmer Lamda 35 UV/vis spectra. Magnetic susceptibility balance  was used to measure the magnetic 

susceptibility.  

Synthesis of Mn(TA) Complex 

To a stirring solution of tannic acid ( 0.1703 gm, 0.0001 mol) in methanol (15 ml) , sodium acetate solution 

( 0.496 g , 0.0006 mol in 10 ml methanol ) was added, followed by the addition of potassium permanganate 

solution ( 0.60 g, 0,0004 mol) in 5 ml methanol. The whole mixture was stirred for one hour . A black solid 

complex was formed. It was filtered . The residue was washed with methanol again and it was dried in air. 

Results and Discussions  

The complex was synthesized in good yield (80-90  %) .The complex was black coloured hard solid and 

insoluble in all common solvents .The complex was first analysed for magnetic susceptibility in the magnetic 

susceptibility balance .The result showed that the complex is paramagnetic in nature with magnetic 

susceptibility value 1.41 × 10-5 . 

Spectroscopic Properties 

ESR spectrum with only one single peak suggest that the presence of only one unpaired electron . 

Infrared spectra (fig 2-30 of all the compounds have been recorded using KBr pallets .Free tannic acids 

contain hydroxyl group as well as ester carbonyl  functions which can bind metal ions .Stretching frequency 

for the hydroxyl group is around 3550-3200 cm-1  (broad ,s) and in both the figures it is same from which it 

is concluded that the possibility is tannic acid is not forming any bond with metal ions through the hydroxyl 

group .Stretching frequency for the carbonyl group of ester function is around 1750  

-1735 cm-1   (s) which is reflected in the IR frequency chart of tannic acid as peak 2,3,4,5 .These peak 

intensities get reduced in the IR frequency chart of the Mn  complex chart indicates that the tannic acid has 

from the complex with Manganese metal through ester carbonyl group.   
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In potassium permanganate is present in +7 oxidation sate and its electronic configuration is s2d5 .When it is 

in +7 oxidation state therefore it is expected that the complex will be diamagnetic .But the prepared complex 

is paramagnetic in nature with only one unpaired electron .Therefore it is assumed that tannic acid reduced 

the manganese metal by donation one electron . 

The complex was insoluble in all common solvents which suggest that it is polymeric in nature .It is 

amorphous and so it was not possible to determine the structure of the complex. 

 

Conclusion  

 

In conclusion we have synthesised and characterise a manganese complex of tannic acid which is polymeric 

and paramagnetic in nature .It is probably forming complex with tannic acid and ester carbonyl function .  

 

References : 

1. Analysis of Iron Complexes of Tannic Acid and Other Related Polyphenols as Revealed by 

Spectroscopic Techniques: Implications in the Identification and Characterization of Iron Gall Inks in 

Historical Manuscripts. Alba Espina et al ACS Omega 2022, 7, 32, 27937–27949. 

2 .Sturner J.W, Pharmaceutical Toxicity”. The Pharmaceutical Era. Vol 21. New York: D.O. Hayens and 

CO. 1899, Pg 511-513. 

         3.Sana Sungur et al , Spectrochimica acta part A: Molecular and biomolecular   Spectroscopy (2008), 

225-229 

           4. Ferilli, S. A Sentence Structure-Based Approach to Unsupervised Author        Identification. J. 

Intell. Inf. Syst. 2016, 46, 1– 19   

5. Ezcurra, M.; Góngora, J. M. G.; Maguregui, I.; Alonso, R. Analytical Methods for Dating Modern 

Writing Instrument Inks on Paper. In Forensic Science Interfaces. Elsevier Ireland Ltd, 2010, 

pp. 1– 20,  DOI: 10.1016/j.forsciint.2009.11.013 . 

http://www.jetir.org/


© 2024 JETIR December 2024, Volume 11, Issue 12                                                       www.jetir.org (ISSN-2349-5162) 

JETIR2412648 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org g436 

 

6. Ponce, A.; Brostoff, L. B.; Gibbons, S. K.; Zavalij, P.; Viragh, C.; Hooper, J.; Alnemrat, 

S.; Gaskell, K. J.; Eichhorn, B. Elucidation of the Fe(III) Gallate Structure in Historical Iron Gall 

Ink. Anal. Chem. 2016, 88, 5152– 5158,   

7. Goltz, D. M. A Review of Instrumental Approaches for Studying Historical Inks. Anal. 

Lett. 2012, 45, 314– 329,  

8. Frühmann, B.; Cappa, F.; Vetter, W.; Schreiner, M.; Petrus, F. Multianalytical Approach for the 

Analysis of the Codices Millenarius Maior and Millenarius Minor in Kremsmuenster Abbey, Upper 

Austria. Herit. Sci. 2018, 6, 1,   

9. Valadas, S.; Freire, R.; Cardoso, A.; Mirão, J.; Vandenabeele, P.; Caetano, J. O.; Candeias, 

A. New Insight on the Underdrawing of 16th Flemish-Portuguese Easel Paintings by Combined 

Surface Analysis and Microanalytical Techniques. Micron 2016, 85, 15– 25,  DOI: 

10.1016/j.micron.2016.03.004  

10. Díaz Hidalgo, R. J.; Córdoba, R.; Nabais, P.; Silva, V.; Melo, M. J.; Pina, F.; Teixeira, N.; Freitas, 

V. New Insights into Iron-Gall Inks through the Use of Historically Accurate Reconstructions. Herit. 

Sci. 2018, 6, 63,   

11. Daneshfar, A.; Hashemi, P.; Delfan, B.; Tavakkoli, M.; Rashno, P. M. The Efficient Extraction 

of Phenolic Compounds from Oak Gall Using a Miniaturized Matrix Solid-Phase Dispersion Method 

before Their HPLC Determination. Herb. Med. J. Spring 2017, 2, 71– 80,   

12. Zamorano, G. M. C. The Presence of Iron in Inks Used in Valencian Manuscripts from the 13h 

to 17th Century. Microchem. J. 2018, 143, 484– 492,   

13.  Auriemma, M.; Piscitelli, A.; Pasquino, R.; Cerruti, P.; Malinconico, M.; Grizzuti, N. Blending 

poly (3-hydroxybutyrate) with tannic acid: Influence of a polyphenolic natural additive on the 

rheological and thermal behavior. Eur. Polym. J. 2015, 63, 123–131. 

14. Makris, D.P.; Boskou, G.; Andrikopoulos, N.K. Polyphenolic content and in vitro antioxidant 

characteristics of wine industry and other agri-food solid waste extracts. J. Food Compos. 

Anal. 2007, 20, 125–132] 

15. Shutava, T.; Prouty, M.; Kommireddy, D.; Lvov, Y. pH Responsive Decomposable Layer-by-

Layer Nanofilms and Capsules on the Basis of Tannic Acid. Macromolecules 2005, 38, 2850–2858. 

http://www.jetir.org/


© 2024 JETIR December 2024, Volume 11, Issue 12                                                       www.jetir.org (ISSN-2349-5162) 

JETIR2412648 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org g437 

 

16. Erel-Unal, I.; Sukhishvili, S.A. Hydrogen-Bonded Multilayers of a Neutral Polymer and a 

Polyphenol. Macromolecules 2008, 41, 3962–3970.  

17. Fan, H.; Wang, L.; Feng, X.; Bu, Y.; Wu, D.; Jin, Z. Supramolecular Hydrogel Formation Based 

on Tannic Acid. Macromolecules 2017, 50, 666–676.  

18. Ejima, H.; Richardson, J.J.; Liang, K.; Best, J.P.; van Koeverden, M.P.; Such, G.K.; Cui, J.; 

Caruso, F. One-step assembly of coordination complexes for versatile film and particle 

engineering. Science 2013, 341, 154–157.  

19. Li, W.; Bing, W.; Huang, S.; Ren, J.; Qu, X. Mussel Byssus-Like Reversible Metal-Chelated 

Supramolecular Complex Used for Dynamic Cellular Surface Engineering and Imaging. Adv. Funct. 

Mater. 2015, 25, 3775–3784 

20. Rahim, M.A.; Kempe, K.; Müllner, M.; Ejima, H.; Ju, Y.; van Koeverden, P.M.; Suma, T.; 

Braunger, J.A.; Leeming, M.G.; Abrahams, B.F.; et al. Surface-Confined Amorphous Films from 

Metal-Coordinated Simple Phenolic Ligands. Chem. Mater. 2015, 27, 5825–5832.  

21. Rahim, M.A.; Björnmalm, M.; Suma, T.; Faria, M.; Ju, Y.; Kempe, K.; Müllner, M.; Ejima, H.; 

Stickland, A.D.; Caruso, F. Metal–Phenolic Supramolecular Gelation. Angew. Chem. Int. 

Ed. 2016, 55, 13803–13807.  

22. Rahim, M.A.; Björnmalm, M.; Bertleff-Zieschang, N.; Besford, Q.; Mettu, S.; Suma, T.; Faria, 

M.; Caruso, F. Rust-Mediated Continuous Assembly of Metal–Phenolic Networks. Adv. 

Mater. 2017, 29, 1606717.  

23. Erwin, W.R.; Zarick, H.F.; Talbert, E.M.; Bardhan, R. Light trapping in mesoporous solar cells 

with plasmonic nanostructures. Energy Environ. Sci. 2016, 9, 1577–1601.  

24. Chen, Y.; Shi, J. Chemistry of Mesoporous Organosilica in Nanotechnology: Molecularly 

Organic–Inorganic Hybridization into Frameworks. Adv. Mater. 2016, 28, 3235–3272.  

25. Gao, Z.; Zharov, I. Large Pore Mesoporous Silica Nanoparticles by Templating with a 

Nonsurfactant Molecule, Tannic Acid. Chem. Mater. 2014, 26, 2030–2037.  

26. Jiang, Y.; Sun, W.; Zhou, L.; Ma, L.; He, Y.; Gao, J. Improved Performance of Lipase 

Immobilized on Tannic Acid-Templated Mesoporous Silica Nanoparticles. Appl. Biochem. 

Biotechnol. 2016, 179, 1155–1169. 

http://www.jetir.org/


© 2024 JETIR December 2024, Volume 11, Issue 12                                                       www.jetir.org (ISSN-2349-5162) 

JETIR2412648 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org g438 

 

27. Gao, J.; Lei, H.; Han, Z.; Shi, Q.; Chen, Y.; Jiang, Y. Dopamine functionalized tannic-acid-

templated mesoporous silica nanoparticles as a new sorbent for the efficient removal of Cu2+ from 

aqueous solution. Sci. Rep. 2017, 7, 45215.  

28. Park, J.H.; Choi, S.; Moon, H.C.; Seo, H.; Kim, J.Y.; Hong, S.-P.; Lee, B.S.; Kang, E.; Lee, J.; 

Ryu, D.H.; et al. Antimicrobial spray nanocoating of supramolecular Fe(III)-tannic acid metal-

organic coordination complex: Applications to shoe insoles and fruits. Sci. Rep. 2017, 7, 6980.  

29. Saowalak, K.; Titipun, T.; Somchai, T.; Chalermchai, P. Iron(III)-Tannic Molecular 

Nanoparticles Enhance Autophagy effect and T1 MRI Contrast in Liver Cell Lines. Sci. Rep. 2018, 8, 

6647.  

30. Krungchanuchat, S.; Thongtem, T.; Thongtem, S.; Pilapong, C. Characterization and cellular 

studies of molecular nanoparticle of iron (III)-tannic complexes; toward a low cost magnetic 

resonance imaging agent. Biointerphases 2017, 12, 021005.  

31. Kim, H.J.; Kim, D.-G.; Yoon, H.; Choi, Y.-S.; Yoon, J.; Lee, J.-C. Polyphenol/FeIII Complex 

Coated Membranes Having Multifunctional Properties Prepared by a One-Step Fast Assembly. Adv. 

Mater. Interfaces 2015, 2, 1500298.  

32. Yang, L.; Han, L.; Ren, J.; Wei, H.; Jia, L. Coating process and stability of metal-polyphenol 

film. Colloids Surf. A Physicochem. Eng. Asp. 2015, 484, 197–205.  

33. Rahim, M.A.; Ejima, H.; Cho, K.L.; Kempe, K.; Müllner, M.; Best, J.P.; Caruso, F. Coordination-

Driven Multistep Assembly of Metal–Polyphenol Films and Capsules. Chem. Mater. 2014, 26, 

1645–1653 

34. Nguyen, N.T.T.; Furukawa, H.; Gándara, F.; Trickett, C.A.; Jeong, H.M.; Cordova, K.E.; Yaghi, 

O.M. Three-Dimensional Metal-Catecholate Frameworks and Their Ultrahigh Proton 

Conductivity. J. Am. Chem. Soc. 2015, 137, 15394–15397.  

35. Yang, S.J.; Antonietti, M.; Fechler, N. Self-Assembly of Metal Phenolic Mesocrystals and 

Morphosynthetic Transformation toward Hierarchically Porous Carbons. J. Am. Chem. 

Soc. 2015, 137, 8269–8273.  

http://www.jetir.org/


© 2024 JETIR December 2024, Volume 11, Issue 12                                                       www.jetir.org (ISSN-2349-5162) 

JETIR2412648 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org g439 

 

36. Zhang, P.; Li, H.; Veith, G.M.; Dai, S. Soluble Porous Coordination Polymers by 

Mechanochemistry: From Metal-Containing Films/Membranes to Active Catalysts for Aerobic 

Oxidation. Adv. Mater. 2015, 27, 234–239.  

37. Wei, J.; Liang, Y.; Hu, Y.; Kong, B.; Zhang, J.; Gu, Q.; Tong, Y.; Wang, X.; Jiang, S.P.; Wang, 

H. Hydrothermal Synthesis of Metal–Polyphenol Coordination Crystals and Their Derived Metal/N-

doped Carbon Composites for Oxygen Electrocatalysis. Angew. Chem. 2016, 128, 12658–12662.  

 

.  

 

http://www.jetir.org/

