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Photocatalytic degradation of Bromocresol green, Rosaniline and Eosin blue
using H,0, sensitized Cu,O and visiblelight
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ABSTRACT

Visible light irradiated photocatalytic degradatioof Bromocresol green, Rosaniline and Eosin blus haen
studied using GO as photocatalyst. Addition of .8, led to synergetic effect between,Cuand HO, and
enhanced the rate of degradation. Complete degradatf Bromocresol green, Rosaniline and Eosin ldoeurred
for 180, 180 and 120 min of irradiation respectiveFormation of "'OH free radicals during irradiatiois
ascertained by photoluminescence studies usingtieapic acid as probe molecule.
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INTRODUCTION

Majority of synthetic organic dyes used in textiligeing, tannery and printing industries are léssldgradable as
well as mutagenic or carcinogenic. Treatment ofaesis from such industries to get rid of unusedeomant toxic
organic pollutants is an ecological necessity ideorto protect aquatic sources from contaminatDifferent
methods based on adsorption, ion exchange, revsraesis, biosorption have been proposed from tontarte for
remediation of pollutants, but these methods are acwmnpletely satisfactory since they generate sgagn
pollutants. Likewise chemical oxidation, ozonatié@enton and photo Fenton processes are also noeffestive.
However, during the past few decades, semiconductatiated heterogeneous photocatalysis has beertado
be highly successful for mineralization of sevesedanic pollutants of very low concentration (innppange) at
ambient temperature without generation of any hdm#s intermediates. TiOis claimed as an excellent
photocatalyst, because it is chemically inert aasl/do synthesize, but it has its own demerits. ghiwto absorption
is restricted to U.V region and the photo generaledtrons and holes undergo rapid recombinatioth bf which
lower the photocatalytic efficiency. Several invgstors tried to improve the photocatalytic perfarmoe of TiQ in
terms of (i) doping with noble metal atoms, trapsitmetal ions, lanthanide ions and anions, (ifia@rcing photo
absorptivity in the visible region through surfasensitization with dyes, pthallocyanins, porphgrimnd (iii)
formation of nano/meso structures of special aechitres with high surface to volume ratio. Thougbheapproach
has its own merit, the proposed methods do haves soherent defects as well. For instance in dgpapgimum
dopant concentration is extremely crucial sinceetkeess dopants turn into traps and lower phothytatafficiency
of TiO.. In surface sensitization, photocatalytic oxidatiovolves both the pollutant and the sensitiz€abrication
of nano composites involves energy constrictivéitetogies like microwave, hydrothermal etc. which aot cost
effective on an industrial scale. To overcome thldisadvantages, use of non-Tikinary metal oxides such as ZnO
[1], SnG [2], a-Fe03 [3], WO;3 [4], Bi,Os [5], MoO; [6] and ternary metal oxides like ZnW{r], Bi,WOs [8],
Bi,M0Ogs [9], a-Bi,M030;, [10], FeMo030;, [11], NaBiG; [12], BaBiO; [13] and BiVQ, [14] have been extensively
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investigated to exploit their photo absorptivitieghe visible region of solar radiation that rerglthe process both
economical and environmental friendly [15]. LQuis an n-type semiconductor with a band gap inréiggon of 2.0
to 2.2 eV. It is easily available in abundance. dtly photocatalytic degradation of mono, di anchitrophenols
and nitrobenzene using €W has been reported from this laboratory [16, Prgsent paper describes visible light
assisted photocatalytic degradation of Bromocragelen, Rosaniline and Eosin blue over,@u Molecular
structures of Bromocresol green, Rosaniline andrBase are given below:

Br Br, OH NH

Rosaline

Bromocresol green Eosin blue

METERIALSAND METHODS

Materials and Characterization:

As purchased A.R grade € (Sigma Aldrich) and A.R grade Bromocresol gre@asaniline hydrochloride and
Eosin blue and 30% 4@, are used in the photocatalytic studies. PhasgymfrCu,O was investigated with X-ray
diffractometer (PANalytical- X' Pert PRO, Japan)rabm temperature, using Nickel filtered Cy-Kadiation {=
1.54059 A), with a scan rate of 2° riin

Photocatalytic Studies:

100 mg of catalyst powder was added into 100 mkags solution containing 10 ppm Dye. The suspensias
magnetically stirred for 30 minutes in dark. Themension was then exposed to 400 watts metal hiaidp; 5Sml
aliquots were pipetted at periodic time intervatal diltered through 0.45 micron Millipore filter® tremove the
suspended particles. Extent of degradation wasvieltl by recording the corresponding absorption tspedill

experiments were conducted under ambient conditi®ascent degradation of pollutant is calculatedubiyng the
expression.

% degradation = (§A)/Ag x 100
where A and A are respectively initial absorbance and absorbanhtime't’

Photoluminescence study:

50 mg CuyO catalyst is added to the beaker containing 100fmérpthalic acid (TPA) solution (0.25 mmot'lin
1mmol L* NaOH solution) and 10 pm,B,. The solution is stirred for 15 min in dark folled by irradiation by
400 w metal halide lamp for 60 min. The reactedutsmh was centrifuged and the clear solution isdufe
photoluminescence measurements in a fluoresceneetrgpflourometer (Flouromax 4) with the excitation
wavelength of 315 nm.

RESULTSAND DISCUSSION

X-ray diffraction pattern of GO is shown in Fig 1. All the diffraction peaks cdle indexed to cubic GO of
JCPDS File No 78-2076. As there are no extra pehkssample is considered as phase pus®Cu
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Fig. 1. X-ray diffraction pattern of Cu,O sample used in this study

Bromocresol green belongs to triphenyl methanelfaafidyes. It is used as a pH indicator as welhasacking dye
for DNA agarose gel electrophoresis. Photocatatytidation of Bromocresol green has been reporie@Ghworai et

al [18] using Fe (lll) doped Ti©under U.V.irradiation. Ghorai et al [19] also refedl the use of MyO4/TiO, for
the photocatalytic degradation of Bromocresol greeder visible light. Fassi et al [20] made a canagive study
of degradation of Bromocresol green by direct U\tplysis, acetone/UV with 0,/UV, S,05°/UV. Farbod and
coworkers [21] reported fabrication of CuMOUCuO nanowires and their photocatalyitc propertiewards
degradation of Bromocresol green. Kalpagam and Hdasan [22] investigated degradation of Bromocrgsetn
using Ag and Ni doped TiQunder U.V. light. Nezamzadeh-Ejhieh et al [23]arpd sunlight photodecomposition
of a mixture of methyl orange and Bromocresol gréegnCuS incorpoated in a Zeolite. Temporal variatodf
spectral contours for Bromocresol green (BCG), BEg3», BCG+CuyO and BCG+CyO+H,0, as a function of
irradiation time are shown in Fig 2. From the figuit can be seen that BCG has characteristic ptisorati= 614
nm along with two smaller intense peaks, one=st00 and the other at 300 nm respectively. BCG show
photolysis when irradiated for 180 min (Fig 2a).dresence of pD,, BCG showed 45% photodegradation with
progressive irradiation for 180 min (Fig 2b). BC@G&MWCw,0 did not show any significant photo degradationf®0
min of irradiation (Fig 2c). But, in presence of O4+H,0,, BCG exhibited 100% photocatalytic degradation for
irradiation of 150 min (Fig 2d). These results gale that CxO and HO, exert a synergetic effect in the
photocatalytic degradation of Bromocresol green.

Rosaniline is a derivative of triphenyl methanaisture. Photocatalytic degradation of Rosanilines weported by
Kosanic and Trickovic using Degusa P-25 ang®Hunder visible light [24]. Fig.3 depicts variatiai spectral
intensities as a function of irradiation time forod&niline, Rosaniline+®,, Rosaniline+CyO0 and
Rosaniline+CpO+H,0,. From the figure, it can be seen that Rosantiag a characteristic absorptiorigt, =530
nm. When irradiated, Rosaniline shows photolysisatoextent of 13% for 150 min of irradiation (Fig)3In
presence of pD,, Rosaniline exhibits photodegradation with proghes irradiation. Nearly 58% photodegradation
of Rosaniline is evident from Fig 3b for irradiatioof 150 min. In presence of g, Rosaniline showed
photodegrdation to an extent of 18% for 180 mirirdiation (Fig 3c). However, in presence of b@ipO and
H,0,, complete photocatalytic degradation of Rosanilimeachieved for 120 min of irradiation, indicatirey
synergetic effect between @iand HO..
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Fig. 2. Variation of spectral intensity asa function of irradiation timefor (a) BCG, (b) BCG+H,0,, (c) BCG+Cu,0 and (d) BCG
+CU20+H202
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Fig. 3. Time dependent variation of spectral intensitieswith irradiation time for (a) Rosaniline, (b) Rosaniline + H,0,, (c) Rosaniline +
Cu,0 and (d) Rosaniline + Cu,O + H,0,
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Photocatalytic degradation of Eosin blue (EB) wesorted by Ye et al [25] using ZnO and U.V. ligl&hen et al
[26] using Sn@ and U.V light, and by Mamha et al [27] using NdSNridoped TiQ decorated onto single walled
carbon nano tubes, Umabala et al [28] over Bj\W@der visible light. Temporal variation of spetirgensities for
EB, EB+H,0,, EB+Cy0O and EB+CpO+H,0, as a function of irradiation time are shown in.Eig-rom the figure

it can be seen that EB exhibits a characteristsogdtion aik=519 nm and undergoes photolysis to an extent & 32
for irradiation of 120 min (Fig 4a). In presencetlD,, photo degradation of EB occurred to an exteri68h for
irradiation 180 min (Fig 4b). In presence of,Ou EB showed hardly 6% photodegradation for irréoliaof 180
min (Fig 4c). However, in presence of both,GQuand HO,, complete degradation is achieved for 120 min of
irradiation as seen from Fig 4d. These resultgssiga synergetic effect between,Gwand HO..
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Fig. 4. Temporal variation of spectral contoursasa function of irradiation timefor (a) EB, (b) EB+H,0,, (c) EB+Cu,0 and (d)
EB+CU20+H202

Based on these results, the following photocatalytechanism is proposed for the degradation oftdgss.
Cu,O+ hv— €cB +h+VB

e_CB + H202—> OH+ OH

h+VB + OH — 'OH

"OH + Dye— Degradation products

Formation of "OH free radicals is ascertained bymnseof photoluminescence studies using Terphthalit (TPA)

as a probe molecule. TPA is known to react viiliH free radicals to yield 2-Hydroxy terphthalicdchdHTPA)
which exhibits a characteristic luminescence petld20 nm. Fig 5 shows photoluminescence spectra fo
CwO+TPA with and without KO, prior to and after irradiation. The intense lunsioence peak at 420 nm for
sample containing GO+TPA and HO, after irradiation for 60 min clearly establishée tpresence of "OH free
radicals during irradiation.
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Fig. 5. Photoluminiscence spectra of Cu,O+TPA with and without H,O,, Prior to and after irradiation

From the data presented above for Bromocresol gRResaniline and Eosin blue, it is apparent thétreal oxidant
H,0O, is playing a significant role in enhancing theeraif degradation. The rate constants computed ttun

respective graphs of In/C, vs time shown in Fig. 6 are given in Table 1.
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Fig. 6. Plot of In Ct/CO vsirradiation timefor dye, dye+H,0O,, dye+Cu,O and dye+Cu,O+H,0; (a) Bromocresol green, (b) Rosaniline and
(c) Eosin blue

Table. 1. Calculated rate constantsfor photodegr adation of BCG, Rosaniline and EB with and without catalyst and H,O,

photodegradation Rate congtant k (min™)
BCG Rosaniline EB
Dye alone 0.0 0.0 3.0xf0
Dye+H,0, 2.0x10° | 1.0x10° | 6.0x10°
Dye+CyO 0.0 4.0x16 0.0
Dye+CuyO+ H,0; | 2.3x10° | 1.5x10° | 1.8x10°

CONCLUSION
Photocatalytic degradation of Bromocresol greersaRdine and Eosin blue has been studied undebleisight

using CyO as photocatalyst. Complete degradation of Bropsmtrgreen, Rosaniline and Eosin blue occurred for
180, 180 and 120 min of irradiation respectivelgynergetic effect is observed between@wand HO, which

145



T. Narasimha Murthy et al Der Pharma Chemica, 2016, 8 (9):140-146

generated moréOH free radicals which enhance the rate of degianla OH free radical formation is ascertained
by means of photoluminescence studies using teapbtacid as probe molecule.
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