© 2022 JETIR April 2022, Volume 9, Issue 4 www .jetir.org (ISSN-2349-5162)

NS pliRel{el ISSN: 2349-5162 | ESTD Year : 2014 | Monthly Issue

JOURNAL OF EMERGING TECHNOLOGIES AND
INNOVATIVE RESEARCH (JETIR)

An International Scholarly Open Access, Peer-reviewed, Refereed Journal

JETIR

L ;)
A¥ )

X

Syntheses, characterization and luminescence
properties of pyridine-N-oxide based polymeric
complexes of manganese

Deepak Kumar
Research scholar
Department of Chemistry
Radha Govind University, Ramgarh-829122, Jharkhand

Email- dkrquramgarh@agmail.com

Abstract:

Manganese oxides nanomaterials with notably increased surface area and greatly reduced size have been
widely used in many applications. MnO nanoparticles was prepared pyrolytically employing coordination
polymers [Mn(pyo)2(dca)2]» as a sole precursors. Particle sizes and morphologies of the synthesized
MnO: nanoparticles had been studied by physicochemical techniques. Such nanomaterial served as a
unique catalyst having enormous beneficial aspects during the photocatalytic degradation of organic dyes.

The nanoparticles also showed a brilliant catalytic activity as compared to the bare manganese oxide too.
Introduction

Textile industry effluents contain a variety of complex and hard to degrade pollutants such as
dyes that may cause significant water pollution when they are released to our environment.! The
environmental-health concern of these potentially carcinogenic pollutants in these contaminated waters
has drawn the attention of many workers.? Numerous studies have reported various methods for treating
textile dye wastewaters including various chemical, physical and biological processes, for examples
chemical coagulation,® anaerobic and aerobic,* microbial degradation, adsorption on activated carbon,®
biosorption, chemical oxidation (using agents such as ozone, hydrogen peroxide, and chlorine),® deep-
well injection, incineration, solvent extraction and irradiation.”*° However, biological processes do not
always give satisfactory results, especially applied to the treatment of industrial wastewaters, because

many organic substances are resistant to biological treatment.'! The Advanced Oxidation Process (AOP)
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is one of the emerging technologies that are capable of converting organic pollutants into harmless
products.'>!3 Catalytic oxidation reactions could provide complete mineralization of organic substances

while being environmentalfriendly.*

Manganese oxides nanomaterials with notably increased surface area and greatly reduced size
have been widely used in many applications.®™® In particular, due to their ion-changing, molecular
adsorption, electrochemical and magnetic properties,}” Manganese oxides catalysts exhibit considerable
activity in oxidation—reduction reactions; they are among the most efficient transition-metal oxides
catalysts for gas- phase reactions, such as carbon monoxide hydrogenations,*® high-temperature methane
combustion!®?® and the selective catalytic reduction of nitric oxide by hydrocarbons?*?? and by
ammonia, 2 as well as for epoxidation reactions. However, to the best of our knowledge, there are a
few reports for degradation methylene blue from waste water?®-?° using manganese dioxide nanocrystals

as photocatalyst.

A variety of wet chemical routes have been developed to fabricate MnO2 nanoparticles with

various morphology.3°-%°

4B.2 Experimental Section

Physical Methods and Materials. High purity Pyridine-N-oxide purchased from Alfa Aesar,
sodium dicyanamide from Fluka; and Cadmium (I1) nitrate and Manganese (11) Chloride from Aldrich
Chemical Company Inc. Methylene blue was purchased from Merck (India). All the chemicals were of
analytical grade and used without further purification. X-ray powder diffraction patterns of the products
were recorded on a Philips (PANalytical), (model: PW1830) X-ray diffractometer equipped with
graphite monochromatized Cu-K radiation. The morphology and size of nano- sized MnO; have been
characterized by Hitachi S-3400N scanning electron microscopy (SEM). Infrared spectra (4000-400 cm”
1y were recorded at 25°C using a Perkin-Elmer Spectrum RXIFT-IR System where KBr was used as
medium. UV-vis spectra were obtained at 25 °C using a U-3501 HITACHI, Japan. Thermal analyses
(TG-DTA) were carried out on a TGA/SDTA851¢ Metler-Toledo thermal analyzer in flowing

dinitrogen (flow rate: 40 cm® min™").

Photocatalytic studies. The catalytic capacity of the MnO, nanoparticles was tested for the
decolorization of methylene blue dye. All the photocatalytic experiments were carried out in a 100 mL
capacity borosil glass reactor under similar conditions with exposure of light. 50 mL aqueous solution
of methylene blue (2x10°® M), 200 pL 30% solution of H2O, and 4 mg of MnO, nanoparticles were

dispersed and mixed thoroughly by sonication. At different time intervals, definite aliquots were taken
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out with the help of a syringe and filtered through a Millipore syringe filter. The absorption spectra
were recorded on UV-vis spectrophotometer and rate of decolorization was

observed in terms of change in intensity at Amax, 1.6, 665 nm for dye. Same experiment was again
repeated under same condition except using the catalyst. The experiment was performed for 160 minutes
and within this time the dye was 83 % degraded only 6 % degradation of MB was observed in absence

of catalyst.
4B.3 Results and Discussion

In order to estimate the appropriate calcination temperature, the thermal behavior of the
complex, [Mn(pyo)2(dca)2]n was investigated by TGA. The calcination temperature should be more than
700 C, as there is no change in sample weight indicating the formation of pure inorganic oxide. The
FTIR spectra of synthesized MnO, exhibited bands in the region between 400-800 cm™! could be
assigned to Mn—O lattice vibration.3® X-Ray powder diffraction patterns of synthesized MnO- are shown
in Figure 4B.1. All the visible peaks can be well indexed to the semi-tubular structure.3” We have then

calculated the crystallite size by using the Scherrer formula,

kA

=16’5 cosf

d 45.1

where d is the average size of the crystallite grains, k is 0.9, A is the wavelength of Cu-

K radiation, is the Eu" width at half maximum (FWHM) of the diffracted peak of

sample and is given by \ /49 is gife Bragg angle of diffraction. The estimated
particle size of the MnO2 was found to be ~ 62 nm. The morphologies of the synthesized MnO are
characterized by FESEM. The SEM image of synthesized MnO> shown in Figure 4B.2 illustrates the

particle size of synthesized MnO> to be in nanometer range.
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Figure 4B.1. Powder XRD pattern for MnO; nanoparticles.

4B.4 Conclusion

In summary, MnOz nanoparticles was prepared pyrolytically employing coordination polymers
[Mn(pyo)2(dca).]n as a sole precursors. Particle sizes and morphologies of the synthesized MnO:
nanoparticles had been studied by physicochemical techniques. Such nanomaterial served as a unique
catalyst having enormous beneficial aspects during the photocatalytic degradation of organic dyes. The
above nanoparticles also showed a brilliant catalytic activity as compared to the bare manganese oxide
too. It exhibited ~ 84%, degradation of MB under UV irradiation for 2h 40 min. Without presence of the
catalyst only 6 % disappearance of each dye has been observed at the identical set of conditions, after

completion the catalyst was removed.

JETIR2204222 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | c158


http://www.jetir.org/

© 2022 JETIR April 2022, Volume 9, Issue 4 www.jetir.org (ISSN-2349-5162)

4B.5 References

(1) Siddique, M.; Farooq, R.; Khan, Z. M.; Khan, Z.; Shaukat, S. F. Ultrason.Sonochem.
2011, 18, 190.

(2) Rauf, M. A.; Ashraf, S. S. J. Hazard. Mater. 2009, 166, 6.

(3) Lee, J. W.; Choi, S. P.; Thiruvenkatachari, R.; Shim, W. G.; Moon, H. DyesPigm. 2006, 69,
196.

(4) Kapdan, I. K.; Alparslan, S. Enzyme Microb. Technol. 2005, 36, 273.

(5) Brandt, S.; Zend, A.; Deckwer, W. Biotechnol. Bioeng. 1997, 55, 480.

(6) Aksu, S.; Yener, J. Process Biochem. 1998, 33, 649.

(7)  Bertoncini, C.; Raffaelli, J.; Fassino, L.; Odetti, H. S.; Botani, E. J. Carbon
2003, 41, 1101.

(8)  Khalid, M.; Joly, G.; Renaud, A.; Magnoux, P. Ind. Eng. Chem. Res. 2004,

43, 5275.

(9) Denizli, A.; Cihanger, N.; Tuzmen, N.; Alsancak, G. Bioresour. Technol. 2005,
96, 59.

(10) Munaf, E.; Zein, R.; Kurniadi, R.; Kurniadi, I. Environ. Technol. 1997, 18, 355.

(11) Mantzavinos, D.; Sahibzada, M.; Livingston, A. G.; Metcalfe, I. S.; Hellgardt,
K. Catal. Today 1999, 53, 93.

(12) Fox, M. A.; Dulay, M. T. Chem. Rev. 1993, 93, 341.

(13) Seddigi, Z. S. Bull. Environ. Contam. Toxicol. 2010, 84, 564.
(14) Christoskova, S. T.; Stoyanova, M. Water Res. 2002, 36, 2297.
(15) Wang, W. Z; Xu, C. K.; Wang, G. H,; Liu, Y. K.; Zheng, C. L. Adv. Mater.

2002, 14, 837.
(16) Weixin, Z.; Cheng, W.; Xiaoming, Z.; Yi, X.; Yitai, Q. Solid State lonics 1999,
117, 331.

(17) (a) Brock, S. L.; Sanabria, M.; Nair, J.; Suib, S. L.; Ressler, T. J. Phys. Chem. B2001, 105,
5404. (b) Sljukic, B.; Compton, R. G. Electroanalysis 2007, 19, 1275.

JETIR2204222 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | c159


http://www.jetir.org/

© 2022 JETIR April 2022, Volume 9, Issue 4 www.jetir.org (ISSN-2349-5162)

(18) Koh, D. J.; Chung, J. S.; Kim, Y. G.; Lee, J. S.; Nam, I. S.; Moon, S. H. J.Catal. 1992,
138, 630.

(19) Machida, M.; Eguchi, K.; Arai, H. J. Catal. 1990, 123, 477.

(20) Machida, M.; Sato, A.; Kijima, T.; Inoue, H.; Eguchi, K.; Arai, H. Catal. Today
1995, 26, 239.

(21) Aylor, A. W.; Lobree, L. J.; Reimer, J. A.; Bell, A. T. J. Catal. 1997, 170, 390.

(22) Campa, M. C.; Pietrogiacomi, D.; Tuti, S.; Ferraris, G.; Indovina, V. Appl.Catal. B 1998,
18, 151.

(23) Kijlstra, W. S.; Brands, D. S.; Poels, E. K.; Bliek, A. J. Catal. 1997, 171, 219.

(24) Kapteijn, F.; Singoredjo, L.; Vandriel, M.; Andreini, A.; Moulijn, J. A.; Ramis,G.; Busca, G. J.
Catal. 1994, 150, 105.

(25) Grzybek, T.; Pasel, J.; Papp, H. Phys. Chem. Chem. Phys.1999, 1, 341.

(26) Zhang, W. X.; Yang, Z. H.; Wang, X.; Zhang, Y. C.; Wen, X. G.; Yang, S. H.
Catal. Commun. 2006, 7, 408.

[27] Li, F.; Wu, J. F,; Qin, Q. H,; Li, Z.; Huang, X.T. J. Alloy Compd. 2010, 492,339.

(28) Rhadfi, T.; Piquemal, J.-Y.; Sicard, L.; Herbst, F.; Briot, E.; Benedetti, M.;Atlamsani, A.
Appl. Catal. A: Gen. 2010, 386, 132.

(29) Cao, G.S.; Su, L.; Zhang, X. J.; Li, H. Mater. Res. Bull. 2010, 45, 425.

(30) Wang, H.; Lu, Z.; Qian, D.; Li, Y.; Zhang, W. Nanotechnology 2007, 18,115616.

(31) Jia, Y.; Xu, J.; Zhou, L.; Liu, H.; Hu, Y. Mater. Lett. 2008, 62, 1336.

(32) @Gao, L,; Fei, L.; Zheng, H. Mater. Lett. 2007, 61, 1785.

(33)  Luo, J.; Zhu, H. T.; Fan, H. M. J. Phys. Chem. C 2008, 112, 12594.

(34) Ma, R.; Bando, Y.; Zhang, L.; Sasaki, T. Adv. Mater. 2004, 16, 918.

(35) Chen, H.; He, J.; Zhang, C.; He, H. J. Phys. Chem. C 2007, 111, 18033.

(36) Kanga, L.; Zhang, M.; Liu, Z.-H. Spectrochimica Acta Part A 2007, 67, 864.

(37) Zhang, Y.; Wang, W.; An, Y.; Zhang, F.; Yin, Y.; Dong, L. Mater. Lett. 2012,
69, 7.

JETIR2204222 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | c160


http://www.jetir.org/

