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ABSTRACT 
Fe2(MoO4)3  with excess MoO3 has been prepared by  combustion method using  Ferric nitrate,  MoO3 and 
glycine. SEM studies revealed particle size in the µm region. The sample as prepared showed excellent 

photo catalytic activity for the degradation of Eosin Y, Congo red and Methyl orange in presence of H2O2 

under visible light irradiation. Photo catalytic studies on 100 ml aqueous dye solutions with 100 mg of 
dispersed catalyst showed degradation of 96.6% of 20 ppm Eosin Y, 100% degradation of 10ppm of Congo 

red and 97.4% degradation of 10 ppm of Methyl Orange in 120 min, 45 min and 45 min respectively under 

visible light irradiation. 

 

Keywords:  Fe2(MoO4)3, Eosin-Y, Congo Red, Methyl Orange, Photo catalytic degradation, Combustion 

synthesis. 

______________________________________________________________________________ 

 

INTRODUCTION 

 
Environmental pollution due to synthetic organic dyes has become a major ecological concern because 

when released into the environment, these dyes not only impart intense color to water sources but also 

damage living organisms by stopping reoxygenation capacity of water, block sun light penetration and 
disturb the natural growth ability of aquatic life. Common methods such as adsorption, ultra filtration and 

reverse osmosis proposed for remediation of hazardous waste water effluents are non destructive and 

transfer pollutants from one phase to another causing secondary pollution. Likewise, chlorination and 
ozonation are also relatively inefficient and are not cost effective. In recent years, degradation of dyes 

making use of heterogeneous photo catalysis has been widely investigated for the oxidative remediation of 

organic pollutants. In this process, a photo excitable solid catalyst is continuously irradiated with U.V/ 

Visible radiation of energy greater than the band gap of the semiconductor to generate electron/hole pairs 
which migrate to respective conduction/valance bands. The photo generated holes are extremely oxidizing 

and photo generated electrons are reducing, both of which facilitate degradation of organic dye structure. 

The key advantage of this process is its inherent destructive nature without involving mass transfer and can 
be carried out under ambient conditions leading to complete mineralization of organic carbon into CO2. 

Though TiO2 is shown to be an effective, photo stable, reusable, inexpensive and non toxic catalyst for 

advanced oxidative degradation of dyes, its poor photo conversion efficiency in the visible region and 
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rapid recombination of photo generated electron/hole pairs limit its use as a cost effective photo catalyst. 
Rate of photo catalytic degradation was further found to be enhanced significantly in presence of external 

oxidants such as H2O2, ClO3
-
, BrO3

-
 and S2O8

2-
. The beneficial effect of an electron donor was attributed to 

its ability not only to suppress electron-hole recombination rate by removal of e
-
 from conduction band of 

photo catalyst but also to generate 
.
OH radicals primarily responsible for degradation of organic structure. 

The authors have recently reported [1, 2] the degradation of Rhodamine B, Methylene blue, Carmine 

Indigo, Crystal violet and Malachite green with Fe2(MoO4)3 under visible light irradiation mediated by 

H2O2. The present paper describes H2O2 assisted rapid visible light photo catalytic degradation of Eosin Y, 
Congo red and methyl orange with Fe2Mo3O12 and MoO3. 

 

MATERIALS AND METHODS 
 

Synthesis of Catalyst: Fe(NO3)3.9 H2O  and MoO3  of  AR Quality were starting materials;  6.83g 

Fe(NO3)3 and 7.3004g MoO3  (Fe: Mo=1:3) were added to 50 mL of  water under constant stirring 

followed by the addition of  0.76149g of glycine. The precursor solution containing dispersed MoO3 was 
then heated on a hot plate at 110

0
C until it became viscous with liberation of large amounts of brown 

fumes. The dried mass was then calcined at 400
0
C for 4 h. The resultant powder was ground for 

homogeneity and used for phase identification. 

 
Characterization Techniques: Phase purity of the calcined powder was investigated with X-ray 

diffractometer (PANalytical- X‟ Pert PRO, Japan), using nickel filtered Cu-Kα radiation (λ= 1.54059 Å), 

with a scan rate of 2° min
-1

. UV–visible diffuse reflectance spectrum (UVDRS) of the sample was obtained 
with the dry pressed disk samples using Shimadzu UV-visible spectrophotometer (UV-3600) between 200 

to 800 nm range. Spectral grade BaSO4 was taken as reference for the reflectance spectra. Micro structural 

investigation of the sample was performed on the powdered sample using SEM (JEOL-JSM-6610LV, 
Tokyo, Japan). 

 

Photo catalytic activity: Photo catalytic activity of Fe2(MoO4)3 + MoO3 was evaluated in terms of 

degradation of Eosin Y, Congo red and Methyl orange under visible light irradiation using 400 W metal 
halide lamp as a light source for irradiation. UV radiation below 350nm is eliminated by surrounding the 

sample with a water jacket. 100 mg of the catalyst powder was added into 100mL Eosin Y aqueous 

solution (20 mg L
-1

) and the suspension was magnetically stirred for half an hour in dark to ensure 
adsorption/desorption equilibrium between photo catalyst powder and dye. The suspension was then 

exposed to light emanating from the source; 5ml aliquots were pipetted at periodic intervals and filtered 

through 0.45 micron Millipore filters to remove the suspended particles. Extent of decolorization was 
followed from the corresponding absorption spectrum. The same procedure was adopted for Congo red 

(10mg L
-1

) and Methyl orange (10mg L
-1

) indicators. All the experiments were conducted under ambient 

conditions. 

RESULTS AND DISCUSSION 

XRD pattern of the powder obtained from the mixture of Ferric nitrate, Molybdenum oxide and glycine 
mixed in water and calcined at 400

o
c is shown in fig. 1. The observed peaks could be indexed to 

Fe2Mo3O12 (JCPDS File No 83-1701) and MoO3 (JCPDS File No 76-1003). Absence of peaks due to 

Fe2O3 and other phases of Fe-Mo-oxides indicated that the sample obtained consists of Fe2Mo3O12 + 

MoO3. Microstructures as studied by SEM   did not indicate any characteristic texture and the particle size 
is in the µm region as given in ref [1].  
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Fig 1.   XRD pattern of powder obtained from mixture of Ferric nitrate, Molybdenum 
oxide and Glycine in water dried at 100

o
C and calcinated at 400

o
c for 4 h. 

 

Eosin Y (EY) is an acidic heterocyclic dye used in prints and dye industries. And its remediation from 
industrial waste water is necessary since it is a health hazard. Photo catalytic degradation of EY has been 

studied with TiO2 and ZnO [3, 4], N and Os co- doped TiO2 [5], (Ba, Sr) TiO3 [6], N-doped TiO2 [7], Ag 

im.(WO4)2 [8], Ag-impregnated TiO2 [9], Nb2O5  [10], transition metals doped ZnS [11], PbS-sensitized 
TiO2 [12], hexacyanoferrate [13], and Photo-Fenton process [14]. Present paper is the first report on 

Fe2Mo3O12 as photo catalyst for the degradation of EY under visible light irradiation. Fig. 2(a) depicts 

temporal evolution of spectral changes of EY in presence of Fe2Mo3O12 and H2O2 as a function of 

irradiation time. EY shows a characteristic absorption at λmax=520nm and the peak intensity decreases with 
progressive irradiation. Extent of degradation as calculated from lowering in absorption corresponds to 

96.6% for 120 min of irradiation. Addition of H2O2 to TiO2 photo catalyst has been reported to show 

beneficial effect in terms of increasing 
.
OH concentration and suppressing electron-hole recombination 

[15]. Therefore, in order to understand the effect of H2O2 in the present system, variation of percentage of 

degradation defined as (C-C0) / C0 * 100 as a function of irradiation time is plotted separately for dye 

solution, dye solution + H2O2, dye solution + catalyst and dye solution + catalyst + H2O2 as shown in Fig. 
2(b). C and C0 refer to concentration of dye at time„t‟ and initial concentration respectively. From the 

figure, it can be seen that either catalyst or H2O2 is not effective in causing degradation beyond 30%, but 

the combination of H2O2 + catalyst is synergistic in leading to a degradation of 96.6% in 120 min. 

Congo red is benzene based anionic diazodye toxic to many organisms and a suspected mutagen and 
carcinogen. Its structural stability makes it less prone to biodegradation. Photo catalytic degradation of 

Congo red has been studied with TiO2 [16-21], SnO2 [22], poly oxo tungstate – anatase composite [23], 

TiO2 – pillered clay [24], ZnO [25], ZrO2 [26], TiO2 – Fe3O4 nano composite [27], Fe2O3 [28] and NiS [29] 
photo catalysts under U.V. irradiation except for [23]. Fig. 3(a) depicts temporal evolution of spectral 

variations of Congo Red (CR) in presence of Fe2Mo3O12 and H2O2 as a function of irradiation time. CR 

showed characteristic absorption at λmax=500nm and the peak intensity decreased with irradiation time and 

100% degradation is observed for 45 min of irradiation. Variation of % degradation as function of 
irradiation time for dye solution, dye solution + H2O2, dye solution + catalyst and dye solution + catalyst + 

H2O2 separately are depicted in fig 3(b).  
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Fig 2 (a) Temporal evolution of spectral changes of dye aqueous solutions in presence of photo 
catalyst and H2O2 as a function of irradiation time for EY. (b) Variation of % degradation as a 

function of irradiation time for aqueous solution of dye (i), dye + H2O2 (ii), dye + Fe2Mo3O12 

catalyst (iii) and dye + H2O2 + Fe2Mo3O12 for EY. 
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Fig 3 (a) Temporal evolution of spectral changes of dye aqueous solutions in presence of photo 
catalyst and H2O2 as a function of irradiation time for CR. (b) Variation of % degradation as a 

function of irradiation time for aqueous solution of dye (i), dye + H2O2 (ii), dye + Fe2Mo3O12 

catalyst (iii) and dye + H2O2 + Fe2Mo3O12 for CR. 
 

From the figure, it can be seen that presence of H2O2 alone did not show any noticeable degradation but 

catalyst alone is effective in causing a degradation of about 90% with 30 minutes of irradiation indicating 
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significant photosensitization. Nevertheless, the combination of catalyst + H2O2 showed a complete 
degradation of 100% for 45 min of irradiation.  

 

Methyl orange (MO) is an azodye used as colorant in textile, paper and leather industries and is known to 
be toxic, mutagenic carcinogenic and not readily bio degradable. Degradation of methyl orange has been 

reported with α–Fe2O3 [30], Ag–ZnO [31], Er
3+

 : YAlO3/TiO2 [32], Cr doped ZnS [33], ZnO/Zn stannate 

[34], phosphotungstic acid [35], nano ZnO [36, 37], metallophorphyrins – TiO2 [38], BiOBr [39], 

TiO2/TiO2 mesh [40], CdIn2S4 [41], Ag/N-TiO2 [42], ZnO-TiO2 [43], Ag doped TiO2 [44], CuO doped ZnO 
[45], SnO2 [46], TiO2 [47, 48] Sb2S3 [49] and SrTiO3 [50]. Most of the above reported studies have been 

carried out under U.V irradiation. Fig. 4(a) depicts temporal variation of spectral changes of methyl orange 

(MO) in presence of H2O2 and Fe2Mo3O12 as a function of irradiation time under visible light. MO shows a 
characteristic absorption at λmax= 460nm and the peak intensity vanished with irradiation of 45 min 

indicating 100% decolourization. Variations of % degradation as function of irradiation time for MO, MO 

+ H2O2, MO + catalyst and MO + catalyst + H2O2 separately are given in Fig 4(b).  
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Fig 4 (a) Temporal evolution of spectral changes of dye aqueous solutions in presence of photo 

catalyst and H2O2 as a function of irradiation time for MO. (b) Variation of % degradation as a 
function of irradiation time for aqueous solution of dye (i), dye + H2O2 (ii), dye + Fe2Mo3O12 

catalyst (iii) and dye + H2O2 + Fe2Mo3O12 for MO. 

 

From the figure it is apparent that H2O2 alone has no effect on the bleaching of MO while catalyst alone 
showed some degradation to an extent of 46% for 120 min of irradiation. But, combination of H2O2 and 

catalyst together showed a synergistic effect causing a degradation of 97.4% for only 45 min of irradiation. 

Rate constants derived from ln C/C0 vs time of the photo degradation steps of dye alone, dye+H2O2, dye+ 
catalyst and dye+ catalyst+H2O2 for EY, CR and MO dyes are given in table 1. The magnitudes of rate 

constants reinforce the synergistic effect of catalyst and H2O2 in photo degradation process. 
                

Table 1. Rate constants for different photo degradation systems with EY, CR and MO under visible light 

irradiation. 

 

Photo degradation of the system 

 

Eosin Y 

 

Congo red 

 

Methyl orange 

 

 

Dye only 

 

3.0*10
-5

 

 

2.0*10
-5

 

 

- 

 

Dye+H2O2 

 

7.0*10
-5

 

 

2.0*10
-5

 

 

- 
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Dye+Catalyst 

 

5.0*10
-5

 

 

5.4*10
-3

 

 

8.0*10
-5

 

 

Dye+catalyst+H2O2 

 

 

5.3*10
-4 

 

 

6.5*10
-3 

 

 

3.8*10
-3 

 

                

Based on the observations discussed above, possible mechanism for degradation in the case of EY, CR and 

MO dyes is suggested as given below: 

 Fe2(MoO4)3 + hυ → e
-
CB + h

+
VB ……………. (excitation) 

 H2O2 + e
-
CB → ·OH + OH

─ 
 
  
……………….

   
(e

- 
reaction with H2O2) 

 h
+

VB + OH
─
 → ·OH   ……………. ……..     (h

+ 
reaction with 

–
OH ads) 

                               Dye + ·OH → degradation Products of dye. 

Extent of degradation might have also been enhanced due to H2O2 since it can also generate peroxo 
complex species MoO2(O2)

2-
 which participate in the dye degradation through formation of reactive 

.
O2 

(singlet) as was reported by S.H. Tian et al [51] for the degradation of Acid orange II with Fe2Mo3O12 

photo catalyst. Enhanced degradation in the present study for EY, CR and MO dyes with Fe2Mo3O12 is 
therefore ascribed to the synergistic effect of catalyst and H2O2 as well as to the possible formation of a 

hetrojunction between MoO3 and Fe2Mo3O12.  

 

APPLICATIONS 
 

In this study prepared sample showed excellent photo catalytic activity for the degradation of Eosin Y, 
Congo red and Methyl orange in presence of H2O2 under visible light irradiation. 

 

CONCLUSIONS 
 

Fe2Mo3O12 with excess MoO3 prepared by combustion method showed a synergistic effect in the photo 

catalytic degradation of Eosin Y, Congo red and Methyl orange dyes in presence of H2O2. Dye aqueous 
solutions of 20ppm Eosin Y, 10ppm Congo red and 10ppm Methyl Orange showed bleaching of 96.6%, 

100% and 97.4% for 120 min, 45 min and 45 min respectively. Enhanced photo catalytic activity is 

attributed to presence of H2O2 and MoO3, which facilitate generation of more 
.
OH free radicals and form a 

possible heterojunction with Fe2Mo3O12 respectively. 

 

ACKNOWLEDGMENTS 

One of the authors (P.S) is grateful to the Council of Scientific and Industrial Research, New Delhi, India 

for the financial support in the form of SRF. 

REFERENCES 

[1] P. Suresh, A.M. Umabala, T. Siva Rao, A.V. Prasada Rao, J Applicable chemistry, 2014, 3(2), 

696-701. 

[2] P. Suresh, B. Rajesh, T. Siva Rao, A.V. Prasada Rao, J applicable chemistry, 2014, 3(4), 1670-

1678. 

[3] I. Poulios, E. Micropoulou, R. Panou, E. Kostopoulou, Appl. Cat. B: Env. 2003, 41, 345-355. 

[4] A.M. Susmita, P.M. Nita, N.Y. Mahesh Kumar, Emerg. Mater. Res. 2014, 3, 144-148. 

[5] A.T. Kuvarega, R.W. Krause, B.B. Mamba, J Nanosci. Nanotechnol. 2013, 13(7), 5017-5027. 

[6] N. Shamta, Y. Inderjeet, A. Vijay, T. Nupur, B. Shipra, Int. J. Res. Chem. Env, 2013, 3, 89-93. 

[7] Xia Lu, Wang Lei, Hu Yixu, Zhang Bohan, Chinese J. Environ. Eng.  2013, 7 (3) 825-830.  



P. Suresh et al                                     Journal of Applicable Chemistry, 2014, 3 (5): 2047-2054 

 

2053 

www. joac.info 

 

[8] Bo Hu, Li-Heng Wu, Shu-Juan Liu, Hong-Bin Yao, Hong-Yan Shi, Gong-Pu Li, Shu-Hong Yu, 

Chem.  Commun. 2010, 46, 2277-2279. 

[9] S. Siva Kumar, V. Ranga Rao, G. Nageswara Rao, Proc. Natl. Acad. Sci, 2013, 83(1), 7-14. 

[10] J. Gandhi, N. Verma, S. Bhardwaj, Asian j. chem. 2010, 22, 57-60. 

[11] V. Dipti, B. Surabhi, V.K. Sharma, C.A. Suresh, Bull. Catal. Socie. ind. 2008, 7, 56-69. 

[12] R. Brahimi, Y. Bessekhouad, A. Bouguelia, M. Trari, Photochem Photobiol A: Chem, 2008, 194, 

173-180. 

[13] J. Abhishek, J. Abhilasha, L. Savitri, B. Pinki, R.C. Ameta, Bull. Catal. Socie. of Ind. 2008, 7, 

160-167. 

[14] Hu Zheng, Yu Pan, Xi Xiang, J. Hazard. Mater. 2007, 141, 457-464. 

[15] I.K. Konstantinou, T.A. Albanis, Appl. Cat. B: Env. 2004, 49, 1-14. 

[16] Ch. Guillard, Hi. Lachhb, Am. Houas, Mh.K. Elimame Elaloui, J.M. Herrmann, Photochem 

Photobiol A: Chem, 2003, 158, 27-36. 

[17] E. Puzenat, H. Lachheb, M. Karkmaz, A. Houas, C. Guillard, J.M. Herrmann, Int. J. Photoenergy 

2003, 5, 51-58.  

[18] K.W. Rajeev, W.Y. William, Y. Liu, L.M. Michelle, C.F. Joshua, N. Whitney, L.C. Vicki, J. Mole. 

Cat. A: Chem. 2005, 242, 48-56.  

[19] S.A. Abo-Farha, Researcher 2010, 2(7), 1-19. 

[20] M. Kulkarni, P. Thakur, Int. J. Appl. Sci. Eng. Tech. 2012, 1(1), 21-24. 

[21] V.V. jadhav, R.S. Dhabbe, S.R. Sabale, G.H. Nikam, B.V. Tamhankar, Universal J Environ Res 

Tech. 2013, 6, 667-676. 

[22] Kh. Melghit, Ad. Kabir Mohammed, I. Al-Amri, Mater Sci Eng B, 2005, 117, 302-306. 

[23] Yu. Yang, Qi. Wu, Yi. Guo, Ch. Hu, E. Wang, Molecul. Catal. A: Chem. 2005, 225, 203-202. 

[24] R. pode, E. popovici, A. Vasile, L. cocheci, Emiliana, Revue Roumaine de Chimie. 2009, 54(4), 

313-321. 

[25] M. Movahedi, A.R. Mahjoub and S. Janitabar-Darzi, J. Iran. Chem. Soc. 2009, 6, 570-577. 

[26] H.R Pouretedal, M. Hosseini, Acta Chim. Slov. 2010, 57, 415-423. 

[27] A. Banisharif, S. Haskim Elahi, A. Anaraki Firooz, A.A. Khodadadi, Y. Mortazavi, Int. J. 

Nanosci. Nanotech. 2013, 9, 193-202. 

[28] S. Dagare, P.S. Deshpande, R.S. Bhavsar, Indian J. Chem. Tech. 2003, 20, 406-410. 

[29] H. Guo. Y. Kep. D. Wang, K. Lin, R. Shen, J. Chen, W. Weng, J. Nanopart. Res. (2013) 15:1475, 

DOI 10, 1007/s11051-013-1475-y. 

[30] P. Sharma, R. Kumar, S. Chauhan, D. Singh, M.S. Chauhan, J. Nanosci. Nanotech. 2014, 14, 1-5, 

[31] S. Kuriakose, V. Choudhary, B. Satpati, S. Mohapatra, phys. Chem. Che. Phys. DOI 

10.1039/c4cP02228a, July 2014. 

[32] Sh. Dong, Xu. Zhang, F. He, Sh. Dong, D. Zhou, B. Wang, J. Chem. Technol. Biotechnol. DOI 

10.1002/jctb.4391, April 2014. 

[33] A. Eyasu, O.P. Yadav, R.K. Bachheti, Int. J. Chem. Tech. Res. 2013, 5 (4), 1452-1461. 

[34] S. Danwittayakul, M. Jaisai, T. Koottatep, J. Dutta, Ind. Eng. Chem. Res. 2013, 52, 1369-13636. 

[35] Zhong, Jun bo, Iran, J. Chem. Chem. Eng, 2013, 32, 57-65. 

[36] A.R. Daniel Souza, M. Gusatti, C. Sanches, V.M. Moser, N.C. Kuhnen, H.G. Riella, Chem. Eng. 

Trans. 2013, 32, 2275-2280. 

[37] J. Kaur, S. Bansal, S. Singhal, physica. B. 2013, 416, 33-38. 

[38] Xian-Tai Zhou, Hong-Bing Ji, Xing-Jiao Huang, Molecules, 2012, 7, 1158. 



P. Suresh et al                                     Journal of Applicable Chemistry, 2014, 3 (5): 2047-2054 

 

2054 

www. joac.info 

 

[39] Zh. Jiang, F. Yand, Gd. Yang, Li. Kong, M.O. Johnes, T. Xiao, Peter, P. Edwards, Photochem. 

Photobiol. A: Chem. 2010, 212, 8-13. 

[40] Jia. Liao, Shi. Lin, Li. Zhang, Nen. Pan, Xia. Cao, Jia. Li, Acs Appl, Mater. Interfaces 2012, 4, 

171-177. 

[41] Ch. Zhi-Xin, R. Zhu-Yun, Xu. Jing-Jing, Z. Gang-Can, He. Yun-Hui, Chinese J. Struc. Chem. 

2012, 31, 1815-1822. 

[42] D. Wu, M. Long, Water Sci. Technol. 2012, 65(6), 1027-1032. 

[43] Mi. Ge, Ch. Guo, Xi. Zhu, Li. Ma, Wei. Hu, Yu. Wang, Zh. Han, Front. Environ. Sci. Eng. 2009, 3 

(3), 271-280. 

[44] Ch. Girginov, P. Stefchev, P. Vitanov, Hr. Dikov, J. Eng. Sci. tech Review. 2012, 5 (4) 14-17.  

[45] N.Z. Razali, A. Halim Abdullah, Md. Jelas Haron, Environ. Eng. Manag. J. 2011, 10, 1523-1528. 

[46] H. yuan, J. Xu, Int. J. Chem. Eng. Appl. 2010, 1(3) 241-246.  

[47] Qi. Hu, B. Liu, Zh. Zhang, Mi. Song, Xi. Zhao, J Wuhan University Technology- Mater. Sci. Ed, 

2010, 25 (2), 210 - 213. 

[48] H. Yang, K. Zhang, R. Shi, X Li, X.Y. Yu, J. alloy. Compd. 2006, 413, 302,-306. 

[49] M. Sun, D. Li, W. Li, Y. Chen, Z. Chen, Y. He, X. Fu, J. Phys. Chem. C. 2008, 112, 18076-18081. 

[50] T. Puangpetch, T. Sreethawongpetch, S. Chavadej, S. Yoshikawa, The 2
nd

 Joint International 

conference   on “sustainable energy and environment (SEE 2006)” 1-23 Nov 2006, Bangkok, 

Thailand. 

[51] S.H. Tian, Y.T. Tu, D.S. Chen, X. Chen, Y. Xiong, Chem. Eng J. 2011, 109, 31-37. 

 


