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Abstract: In present work, CuMnO3 and 3% Fe/CuMnO3 nanocrystaline powder was effectively synthesized by
environment friendly mechanochemical solid state method and checking their photocatalytic performance against
Erioglaucine (EG) dye. The Fourier Transform Infrared Spectroscopy (FT-IR), Ultraviolet-diffused reflectance
Spectroscopy (UV-DRS), X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Transmission Electron
Microscopy (TEM) and Brunauer-Emmett-Teller (BET) surface area were used for characterization of catalyst. The
average particle size obtained for 3% Fe/CuMnO3were found to be 14-26 nm with 132 m2/gm BET surface area greater
than undoped CuMnO3(18-32nm with 121 m2/gm BET Surface area) .  It is acknowledged that 3%Fe/CuMnO3 exhibits a
noticeable photocatalytic activity than CuMnO3 under the influence of UV-visible light irradiation. The probable
mechanism of EG dye degradation by 3% Fe/CuMnO3 photocatalyst proclaimed LC-MS shows compilation of various
degradation products.
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Introduction:
Since the ancient times, catalysis is the heart of chemical science because it is an art of making and breaking
of chemical bond selectively. In inorganic chemistry transition metal and their nanoparticles in the form of
catalyst have long attraction and great interests of the researchers because of their large surface to volume
ratio which makes the surface more active1. Hence various approaches for heterogenisation of homogeneous
catalyst are recently under the progress aiming at recyclability and feasibility of the products separation of
pharmaceutical industry2-6. Researchers are also concern about renewable energy sources like biodiesel that
can practically replace the large fossil fuel and hence beneficial to society and environment. The biodiesel
production from waste frying oil was investigated with zinc aluminate as heterogeneous catalyst7. Despite the
exciting progress the performance of the metal–cluster catalysts there are still some issue that needs to be
addressed an important technological improvement.

Nowadays, the shielding and preservation of environment is one of the most important aspiration of
human. A multitudinous techniques are engaged tofulfill this task. Among these, removal of pollutant or dyes
from aqueous medium by photocatalysis is encouraging method. The principle of photocatalysis comprise the
organic compounds are mineralized by using UV light irradiation in presence of the photocatalyst. The mixed
metal oxides has high reactivity, resulting from their high specific surface area, controlled size and
distribution. Recently, it was reported   that perovskite type mixed metal oxide like ZnMnO3, CuMnO3 shows
good catalytic activity8,9..

For this reason our group has been focused on the doping of few weight percent of transition metal (Fe) with
mixed metal oxide (CuMnO3) by using hydrothermal method and this synthesized materials gives excellent
photocatalytic activity. The products were characterized by UV-DRS FTIR, XRD, SEM, TEM and BET
surface area. The photocatalytic degradation of EG dye using CuMnO3, Fe/CuMnO3 has been studied. The
results of the photocatalytic degradation of EG dye in aqueous solution showed that Fe ions doping greatly
influenced the photocatalytic efficiency of CuMnO3, Most interestingly it is for the first time studied that
3%Fe/CuMnO3 system is quite an effective visible light active catalyst.
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Experimental:
Initially CuMnO3 mixed metal oxides synthesized by using previously reported mechanochemical method9.
The desired amount of precursor CuMnO3 treated with 1%, 3% and 5% FeCl3as dopant salt (Sigma Aldrich
>99%) to get 1%, 3% and 3% Fe/ZnMnO3respectively.   For the synthesis 50 ml deionized water under
vigorous stirring for certain time interval for reaction mixture FeCl3 and Fe/CuMnO3. Consequently pH of
reaction mixture was maintained by adding aqueous 2.5M sodium hydroxide along with very small amount of
acetone to increase the activity with constant stirring. In steel lined autoclave the reaction mixturewas heated
at 120oC for 24 hrs. by using electric oven. The obtained precipitate was filtered, washed with deionized
water, and dried at 125oC for 10hrs. The resulting dry powder was calcined at 450oC to 500 oC at the rate of
1oC/min. The calcined 1%, 3 % and 5 % Fe/CuMnO3 are used for characterization. EG was purchased from
Sigma Aldrich >99% and used without any purification. (EGdye concentration of 10mg/L for experiment).

Shimadzu IR -Affinity in the range of 4000-500 cm-1 was used to record  the vibrational frequencies  , X-ray
diffractometer-DMAX-2500 (Rigaku) with Cu-Kα radiation, having λ = 1.5406Å gives the XRD pattern ,
chemical composition and surface morphology of catalyst are obtained by Scanning Electron Microscope-
JSM-6300 (JEOL)and for TEM image by CM-200 (Philips). The Tri Star II 3020 (Micrometrics, ASAP 2010,
US) through nitrogen adsorption used to calculate BET surface area.

Results and Discussion
Characterization of CuMnO3 and 3%Fe/ CuMnO3 catalyst:
The typical infrared spectrashows vibrational frequency below 700 cm-1 confirms the presence of new Cu-O-
Mn and the peaks between 750 cm-1 to 1100 cm-1 assigned to the stretching  vibration of  new Fe-O-Mn. The
optical reflectance of CuMnO3 and 3% Fe/ CuMnO3 cuts at wavelength 360nm and 384nm respectively
(Fig.1). Hence3% Fe/ CuMnO3 has low band gap value (3.22 eV) than 3%Fe/CuMnO3 (3.44eV). Figure 2
gives XRD pattern of 3%Fe/CuMnO3powder with broad plane at (111), (210), (211), (321), (221) and (222).

SEM image attribute the surface morphology and associated chemical composition by EDAX and is depicted
in Fig.3. Figure 4represent the TEM image, which reveals that the 3%Fe/CuMnO3belong to the
Nanocrystallinenature with average particle size14-26 nmcalculated by using standard Debye –Scherrer

equation10-12 (ℎ ) = 


The dark spot at 5.261, 8.781, 9. 291 and 12.871 nm-1 indicate (111), (221), and

(222) planes in SAED pattern associated due to cubic structure which is greatly agreed with XRD pattern at
25.60, 45.62 and 62.28 degree respectively.

The BET surface area of CuMnO3 and 3% Fe/CuMnO3(Fig.5)catalyst was calculated by N2 adsorption
/desorption method and was found to be 132 m2/gm and 121 m2/gm respectively. The high BET surface area
value of 3% Fe/CuMnO3 gives excellent photodegradation of EG dye in short time.

Photocatalytic Degradation of Erioglaucine dye by Using 3% Fe/CuMnO3

In order to determine the optimum amount of Cu doped for a photocatalyst, photodegradation of EG was
studied under visible-light irradiation by CuMnO3 and 3% CuMnO3.As observed, the adsorption of EG on 3%
Fe-doped CuMnO3 is the highest. It may be due to 1% Fe doped CuMnO3 having highest BET surface area as
previously discussed.  The amount of adsorbed EG on catalyst during reaction time(1hr and 10 min.); initial
EG concentration = 10 ppm, photocatalyst = 0.5g/L and natural pH. Thedegradation of EG by using
photocatalystsCuMnO3 and 3%Cu-doped CuMnO3 were plotted against irradiation time (Fig 6). The
photoreaction ratesand the photodegradation efficiency of 3%Fe-doped is greater than CuMnO3. This can be
attributed to the characteristics of the photocatalyst, with a decrease in particle size, agglomeration size and
increase in surface area of 3% Fe/ CuMnO3. Another reason could be related to overlap of the t2g of Fe with
the VB of CuMnO3. The efficient photodegradation and rate of reaction may be due to difference in surface
area.
Above result also confirmed that the entity adsorbed on the hole-transfer reaction can successfully compete
with the electron-hole recombination processes. Theprobable photochemical reactions are shown below.
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Fe/CuMnO3 + hʋ (UV) → Fe/CuMnO3 (e¯
conduction band +   h+

valence band) ………… (1)
Fe/CuMnO3(h+

valence band)   +     H2O →Fe/CuMnO3+   H+ + OH˙ ………… (2)
Fe/CuMnO3(e¯

conduction band)   +   O2 → Fe/CuMnO3+   O2˙¯ ……………  (3)
O2˙¯ +     H2O →    H2O2 ………………. (4)
H2O2 → 2OH˙ ………………… (5)
EG dye + OH˙ →      degradation products ………………  (6)
EG dye +    h+

valence band →    oxidation products ……………… (7)
EG dye +    e¯

conduction band →     reduction products          ……………... (8)
The probability of all above photocatalysis reaction occurred only presence dissolved oxygen in aqueous
medium.

Liquid chromatography – mass spectrometry (LCMS) of degraded Erioglaucine dye
From the LCMS of EG dye after degradation (Fig.7) is noticed that EG diffused in the external surface area
of 3% Fe/CuMnO3 and oxidative cleavage (Fig.8) of EG dye gives strong peak at m/z value 244.87 of a
fragmented product and parent peak EG 792 m/z is not observed in LCMS which indicates effective
degradation of EG dye by using 3% Fe/CuMnO3. The fragments were depicted on the basis of HPLC-MS
fragmentations.

Reusability of photocatalyst:
The recyclability (Fig.9) of 3% Fe/CuMnO3 was studied after every use by washing the photocatalyst three
times with pure ethyl alcohol. After drying at 60 oCphotocatalyst used for next cycle. After five cycles
catalystgives excellent degradation result with slight decrease in activity which may be due to loss in quantity
of photocatalyst while washing.

Conclusions
The green chemistry approach was used to synthesize CuMnO3 by cost effective mechanochemical solid state
technique. Further CuMnO3 doped with weight % Fe and the detail study like band gap,  particle size,  surface
area of synthesized catalyst were performed. Then the photocatalytic activity with effectiveness of CuMnO3

and 3% Fe/CuMnO3 were studied by irradiating under UV-light. 3% Fe/CuMnO3 gave excellent result and
this work may useful to develop cost effective and ecofriendly photocatalyst.

Acknowledgment
Authors are thankful to the BCUD S. P. Pune for financial support to carry out this work.

References
1. Gude, V.,  Narayanan, R.,J. Phys. Chem.,114(2010)6356.
2. Astruc  D.,  Lu F, Aranzaes   J. R., Angew . Chem, Int.Ed., 44( 2005) 7852.
3. Jones C. W., Top . Catal., 53 (2010) 942.
4. Buchmeiser M. R., Chem. Rev., 109 (2008),303-321.
5. Van Heerbeek R., Kamer P. C. J., van Leeuwen, P., Reek J.N.H.,Chem. Rev.,102 (2002) 3717.
6. Grubbs R.B. Polym. Rev., 47(2007), 197.
7. Alves C.T., Oliveira A., CarneiroS.A.V., Silva A.G., Andrade H.M.C., Vieira de Melo S.A.B., Torres E.A., Fuel

Processing Technol.,106 (2013)102.
8. Borhade A.V., Tope D. R., Dabhade G.B., J. Surf. Sci. Nanotech., 15(2017)74-80.
9. Borhade A.V., Tope D.R., Gare G.D., Dabhade G.B., J. Korean Chem. Soc., 61(2017) 157-162.
10. Alexander L., Klug H. P., Journal of Appl.  Physics, 21(1950)137.
11. Patterson A. L., Phys. Rev., 56 (1939)978.
12. Monshi A., Foroughi M. R., Monshi M. R., World Journal of Nano Sci and Engg., 2(2012)154-160.



1214 Ashok V. Borhade and   Ganesh B. Dabhade

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 10
October 2017

Figure Captions:
Figure 1:UV-DRS spectrum of 3% Fe/ CuMnO3 (a) and CuMnO3(b)
Figure 2: XRD pattern for 3% Fe/ CuMnO3 (a) and CuMnO3(b)
Figure 3: SEM image of SEM (a)with EDAX of 3% Fe/ CuMnO3(b)
Figure 4: TEM and SAED pattern of 3% Fe/ CuMnO3

Figure 5: BET Surface area of 3%Fe/CuMnO3 photocatalyst
Figure 6: Use of CuMnO3 and 3% Fe/ CuMnO3 (each 0.5g/L) against 10ppm EG dye
Figure7: LCMS of aqueous solution of EG dye after degradation
Figure 8: Possible degradation pathway of EG dye by 3%Fe/CuMnO3 photocatalyst Figure 9:
Reusability of 3%Fe/CuMnO3 photocatalyst against EG dye

Figures:

(a)   CuMnO3

(b)  3% Fe/CuMnO3

300 400 500 6002

4

6

8

10

12

14

16

R
ef

le
ct

an
ce

(R
)

Wavlength(nm)

Fig.1 UV-DRS spectrum of CuMnO3 (a) and 3%CuMnO3(b) photocatalyst

Fig.2XRD pattern for 3% Fe/ CuMnO3catalyst
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Fig. 3SEM image of CuMnO3(a)SEM with EDAX of 3% Fe/ CuMnO3 (b)

Fig. 4TEM and SAED pattern of 3%Fe/CuMnO3 photocatalyst
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Fig.5 BET Surface area of 3%Fe/CuMnO3 photocatalyst

Fig.6 Use of CuMnO3 and 3% Fe/ CuMnO3 (each 0.5g/L) against 10ppm EG dye

Fig.7 LCMS of aqueous solution of EG dye after degradation
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Fig.8Possible degradation pathway of EG dye by 3%Fe/CuMnO3 photocatalyst

Fig.9 Reusability of 3%Fe/CuMnO3 photocatalyst against EG dye
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