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Abstract 

A solar energy based sustainable treatment of Megenta C.I. Basic Voilet 14 (MCIBV 14) dye 

using heterocyclic dye based catalyst MBIRD 11 - TiO2 nano particle (1:1 ratio) based 

photocatalyst for degradation of MCIBV 14 present in water of  textile effluent. We apply 

MBIRD 11 - TiO2 catalyst for degradation of MCIBV 14 and we found that in 3 hours 

irradiation of sunlight we get more than 99.90 % transparent water. We also observed effects 

of different parameters on rate of degradation like sunlight, catalyst loading, pH etc. We 

observed that MBIRD 11 - TiO2 catalyst is fully capable to remove MCIBV 14 by sunlight-

catalytic action. We can reuse same catalyst many times. We also hypothesize the 

applicability of MBIRD 11 - TiO2  for treatment of polluted water of rivers like the Ganga, the 

Yamuna etc. 
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1. Introduction 

The complete degradation of MCIBV 14 is a crucial problem and a challenging task. These 

dye pollutants are non-biodegradable and can't eliminate completely by conventional 

treatment methods. Advance Oxidation Process (AOP) heterogeneous photo catalyst have 

shown its effectiveness to degrade MCIBV 14 including other dye pollutants. Effluent of all 

textile industries contain hazardous dyes which are non-bio degradable and harmful for flora 

and fauna. Common traditional techniques are requires huge amount of electrical energy and 

hazardous chemicals.  The renewable energy based photocatalytic process have potential to 

degrade  MCIBV 14 including azo dyes, pesticides etc. Scientists believes that in photo 

catalysis proc sensitization of photocatalyst through light energy, electrons migrates from 

balance band to conduction band. Holes are formed at balance band and these holes can 

generate OH
.
 (hydroxyl radicals). These OH

.
 radicals have high oxidation capacity.  These 

Hydroxyl radicals react with organic molecule and process of oxidation starts.   
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. Heller
i
 pointed out that, all the extensive knowledge that had gained during the study of 

semiconductors, photo electrochemistry during 1970s to1 980s have assisted the development 

of photo catalytic process. When Frank and bard
ii-iii 

first successfully examined the 

possibilities of using ZnO 1:1 to decompose cyanide in water in 1977. Hsu Chin Cheng,
iv

 

Wu. L. carried out degradation of Methyl Orange under UV Light (300 nm) illumination 

using NnO as photo catalyst. Legrini et al 
v 

in 1993 suggested that the purification of water 

with TiO2 photocatalyst in presence of UV radiation have many advantages; A. L. Ahmad 

and S. W. Puasa
vi

 worked reactive dyes degradation from an aqueous solution by comb ined 

coagulation/micellar-enhanced ultrafiltration process. Guittonneau et al 
vii

 studied the 

oxidation of many volatile polychlorinated hydrocarbons, such as chloromethanes(CHCl3, 

CCb) and chloroethanes in different comb inations in diluted aqueous solutions. D. Mendez-

Pazetet et al, 
viii

 is carried out many anaerobic treatments of azo dyes Acid orange 7 under 

Fed batch and continues condition. it has been noted that the removal rate of dye pollutant 

increases when some glucose is added to reaction mixture.X. Wang etal 
icx  

enhanced 

photocatalytic hydrogen evolution by prolonging the lifetime of carriers in ZnO/CdS 

heterostructure. I.Poulios and Tsachpinis
x 

investigated the Photo catalytic degradation of 

Reactive Black 5, and used different semi conducting oxides, TiO2, UV-100 TiO2, ZnO, and 

TiO2/WO3. Four parallel black light blue fluorescent tubes were used as the UV-light source. 

It received much attention in the transformation and complete mineralization of 

environmental pollutants. Many more scientist also studies photo catalytic degradation and 

influencing factors.
xi-xxxvii

 

 We observe the effect of different parameters on rate of removal of organic pollutants. 

These common parameters are  amount of catalyst, pH, Light intensity; all the sets are 

observed for 4 hour. 

 

2. Materials and Methods: 

2.1 Methylene Blue Dye:: Methylene Blue Dye (Sigma-Aldrich) 

 Colour Index Number : 52016 

 Molecular Weight : 319.85 

 

 
 

IUPAC Name: 3,7-bis(Dimethylamino)phenazathionium chloride,Basic Blue 

9,Tetramethylthionine chloride 

CAS Number : 122965-43-9 

Molecular Formula : C16H18ClN3S · xH2O 

2.2 TiO2 nano particles  Anatas form 

2.3 Dye name : Megenta C.I. Basic Voilet 14 

  Structure  
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IUPAC Name: 2-methyl-4,4'-[(4-imino-2,5-cyclohexadien-1-ylidene)methylene]dianiline 

hydrochloride; rosaniline chloride; rosaniline hydrochlorid 

Molecular Formula: C20H19N3.HCl 

 

Analytical methods: 

The change in dye concentration observed by UV-Visible spectrophotometer at 30 minute 

time interval. A Continues treatment process- solar energy based treatment in sunny day time. 

We Recover 99.9% transparent water. 

A. Observation 1:  Bio degradability of pollutants (without catalyst): No biodegradability  

B. Observation 2 : Dark test to find out the action of catalyst in dark: No action 

C. Observation 3: Heterogeneous photo catalyst: Transform in to 99 percent transparent 

water. 

We reuse same catalyst again and again and found that it works well every time. 

 

3. Result and discussion 

3.1 Probable Chemical Reaction of This Degradation:  

 Probably electronic transitions VB to CB and through ISC. Intermolecular electronic 

transition between organic pollutants, catalysts, hydroxyl radicals etc, Intermediate oxidants 

(IMO) like holes, hydroxyl radicals and supra oxide ions (o
-
) are produced. These IMO d3.2 

Effect of catalyst: Degradation process enhances as we increase amount of catalyst.   
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Graph -i Effect of catalyst loading on the rate of transformation (Solution volume: 1L, Light 

intensity UV-Visible lamp 10.4 mW/cm
2 

, pH 7, Aeration from bottom 3L/Minute, 

Temperature 303K  ) 
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3.3 Effect of pH :The rate of degradation increases fast, in pH range 7.5 to 11 

Graph - ii Effect of pH on rate of transformation (Solution volume: 1 L ,Catalyst 2 g/L, Light 

intensity 10.4 mW/cm
2
,
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The rate of degradation increases fast, in pH range 7.5 to 11  

ii Effect of pH on rate of transformation (Solution volume: 1 L ,Catalyst 2 g/L, Light 

Aeration from bottom 3L/Minute, Temperature 303K) 
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ii Effect of pH on rate of transformation (Solution volume: 1 L ,Catalyst 2 g/L, Light 
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3.4 Effect of light Intensity : We found, as light intensity increases rate of degradation also 

increase.  

Graph-iii Effect of variation of light intensity on transformation (Solution volume: 1L, 

Amount of Catalyst 2 g/L, pH 7, Aeration from bottom 3L/Minute, Temperature 303K)
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: We found, as light intensity increases rate of degradation also 

iii Effect of variation of light intensity on transformation (Solution volume: 1L, 

g/L, pH 7, Aeration from bottom 3L/Minute, Temperature 303K)
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iii Effect of variation of light intensity on transformation (Solution volume: 1L, 

g/L, pH 7, Aeration from bottom 3L/Minute, Temperature 303K) 
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Effect of dissolved oxygen: Degradation process increases with increase dissolve O2.  

 

4. Conclusion 

After long observation we conclude that 

1. Technique is based on renewable and non-polluting source energy sunlight  

2. Cost efficient because we can reuse same catalyst many times and technique is based  

on  renewable source of energy.  

3. Effect of catalyst: Increase with increase catalyst loading.   

4. Effect of pH : Faster in pH range 7 to 11  

5. Effect of light Intensity : Increase with increase light intensity  

6. Effect of dissolved oxygen: Increase with increase dissolve oxygen.  

7. This photocatalytic technology has vast potential to control water. 

After long observations we hypothesize its applicability at large scale.  

 

Acknowledgement 

The authors are thankful to the SERB for financial assistance. SES JNU New Delhi and  

Principal of the College for providing necessary facilities and support.  

 

References: 

i. Heller A. 1981 "Conversion of sunlight into electrical power and photoassisted  

electrolysis of water in photoelectro chemical cells. Acc. Chem. Res. 14:154. 

ii. Frank, S.N., Bard, A. J. 1977 "Heterogeneous photocatalytic oxidation of cyanide ion  

in aqueous solutions at titanium dioxide powder’ J. Am. Chem.Soc.99 : 303-304 

iii. Frank, S.N., Bard, A.J. 1977 "Heterogeneous photocatalytic oxidation of cyanide and  

iv. sulfite   in aqueous solutions at semiconductor powders,’J.Phys.Chem.81:1484- 1488 

v. Hsu Chin-Cheng and Wu N. L. 2005 " Synthesis and photocatalytic activity of

 MBIRD 11 - TiO2/MBIRD 11 - TiO22 composite J. photochem.   

Photobiol.A:Chem.172,269-274. 

vi. Legrini, O., Oliveros, E., Braun, A. M. 1993 "Photochemical Processes for Water  

Treatment. Chem. Rev. 93, 671-698 

vii. L. Ahmad and S. W. Puasa, Chemical Engineering Journal, Vol. 132, No. 1-3, pp.  

257- 265 (2007) 

viii. S.Guittonneau, J. De Laat, M. Dore, J. P. Duguetand C. Bonnel, Rev. Sci. de l’Eau   

(in French).1(1–2), 85–91 (1988)  

ix. X. Wang, G. Liu, Z.-G. Chen., 23,p3452–3454 (2009).  

x. I. Poulios, I. Tsachpinis, J.Chem.Tech.Biotechnol.74(4), 349 – 357(1999)   

xi. W. H. Glaze,; J.W. Kang, Wastewater Technol. Center: Burlineton. Ontario. Canada.  

26,313-319 (1990) 

xii. S. Chaturvedi, P. N. Dave, and N. K. Shah, Journal of Saudi Chemical Society, vol.  

16, no. 3, pp. 307–325, (2012) 

xiii. D.w. Sundstrom, , B.’A. We‘ir; K. A.Redig,.ACS Symp. Ser.,422,67-76 (1989) 

xiv. N. A. M. Barakat, M. A. Kanjwal, I. S. Chronakis, and H. Y. Kim, Journal  

ofMolecularCatalysisA: Chemical, vol. 366, pp. 333–340, (2013) 

xv. H.R.Pouretedal,M. H. Keshavarz,M. H. Yosefi, A. Shokrollahi, and A. Zali, Iranian  

Journal of Chemistry and Chemical Engineering, vol. 28, no. 4, pp. 13–19, (2009) 

xvi. C.C. Hsu,  N. L.Wu, J. Photochem. Photobiol. A:172, 269 (2005). 

xvii. D. Mendez-Pazet, F. Omil, J.M. Lema, Water research 39,771-778 (2005) 

xviii. Y. Ziyong, M. Bensimon, D. Laud, L. Kivi-Minsker, W. Jardim, E. Mielczarski, J.  



 

 

R.B. Pachwarya et al. / Heterocyclic Letters Vol. 9| No.3|265-272|May-July|2019   

 

272 

 

Kivi,  Journal of Molecular Catalyst A Chemistry 272, 11 (2007). 

xix. Yu Ziyong, M. Bensimon, D. Laud, L. Kivi-Minsker, W. Jardim,  E, Mielczarski, J.  

Kivi, Journal  of molecular catalyst A Chemistry 272, 11-19 (2007) 

xx. S. Sakthivel, B. Neppolian, M.V. Shankar, B. Arabindoo, M. Palanichamy, V.  

Murugesan, Solar Energy Materials and Solar Cells. 77,65 (2003) 

xxi. M. K. Seery, G. Reenamole, P. Floris and S. Pillai, Journal of Photo-chemistry and  

Photobiology A: Chemistry, Vol. 189, No. 2-3, pp. 259-263  (2007)  

xxii. I. K. Konstantinou and T. A. Albanis, Applied Catalysis B: Environmental, Vol. 42,  

No. 4, pp. 319-335 (2003) 

xxiii. L. Ahmad and S. W. Puasa, Chemical Engineering Journal, Vol. 132, No. 1-3, pp.  

257- 265 (2007) 

xxiv. S. Guittonneau, J. De Laat, M. Dore, J. P. Duguetand C. Bonnel, Rev. Sci. de l’Eau   

(in French).1(1– 

xxv. D.w. Sundstrom, , B.’A. We‘ir; K. A.Redig,.ACS Symp. Ser.,422,67-76 (1989) 

xxvi. Tanaka K., Padermpole K., and Hisanaga T., 2000 “Photocatalytic degradation of  

commercial  azodyes,”Water Research, vol. 34, no. 1: pp. 327–333. 

xxvii. Tanaka K., Padermpole K., and Hisanaga T., 2000 “Photocatalytic degradation of  

commercial  azodyes,”Water Research, vol. 34, no. 1: pp. 327–333. 

xxviii. 2), 85–91 (1988)  

xxix. X. Wang, G. Liu, Z.-G. Chen., Chemical Communications, no. 23, pp. 3452–3454  

(2009).  

xxx. W. H. Glaze,; J.W. Kang, Wastewater Technol. Center: Burlineton. Ontario. Canada.  

26,313-319 (1990) 

xxxi. S. Chaturvedi, P. N. Dave, and N. K. Shah, Journal of Saudi Chemical Society, vol.  

16, no. 3, pp. 307–325, (2012) 

xxxii. Wang C., Wang X., Xu B.Q., Zhao J., Mai B., Pen P.    Sheng G., Fu J. 2004 "  

Enhanced photo  catalytic performance of nano sized coupled MBIRD 11 - 

TiO2/SnO2 photo catalysis for methyl orange  degradation, J. Photochem. 

Photobiol.A:Chem.168:47-52.  

xxxiii. Silva C. G., Faria J. L, Wong P. K.2006 " Photocatalytic and photochemical  

degradation of mono-, di- and tri-azo dyes in aqueous solution under UV irradiation. 

J. PhotochemPhotobiol A: Chem,7/2006,181:(2-3):314-324. 

xxxiv. Stylidi M., Kondarides D.I., Verykios X.E., 2003 "Pathways of solar light-induced  

photocatalytic  degradation of azo dyes in aqueous TiO2 suspensionsAppl.Catal.B 40: 

271. 

xxxv. N. A. M. Barakat, M. A. Kanjwal, I. S. Chronakis, and H. Y. Kim, Journal of  

Molecular CatalysisA: Chemical, vol. 366, pp. 333–340, (2013) 

xxxvi. H.R.Pouretedal,M. H. Keshavarz,M. H. Yosefi, A. Shokrollahi, and A. Zali, Iranian  

Journal of Chemistry and Chemical Engineering, vol. 28, no. 4, pp. 13–19, (2009) 

xxxvii. Hachem C., Bocquillon F., Zahraa O., Bouchy M. 2001 "Decolourization of textile

 industry  wastewater by the photocatalytic degradation process,Pigments  49:117-125. 

xxxviii. Sakthivel S., Neppolian B., Shankar M. V., Arabindoo B., Palanichamy M.,  

Murugesan V. 2003 "Solar photocatalytic degradation of azo dye: comparison of 

photocatalytic efficiency of  ZnO and TiO2. Solar Energy Materials and Solar Cells. 

77,65. 

 

Received on August 5, 2019. 

 

 


