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Visiblelight activated photocatalytic degradation of
mono-, di- and tri - nitrophenols using Cu,O
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ABSTRACT

Photo catalytic degradation of 4-NP and 2-NP wasoahchieved over GO under visible light irradiation for 180
and 150 min respectively in presence of externalam H,O,. Photodegradation of 2, 4-dinitrophenol and 264,
trinitrophenol occurred in 4 hrs and 5 hrs respeety. Presence of 8, was found to enhance the rate of
degradation in terms of a synergetic effect to gaieemore "OH free radicals that help degrade thrgamic
pollutants rapidly. Ease of photocatalytic degradatin the nitrophenols studied has been foundary yn the
order 4-nitrophenol > 2-nitrophenol > di-nitrophehs tri-nitrophenol.

Keywords. CwO, 2-nitrophenol, 4-nitrophenol, 2, 4-dinitrophend®, 4, 6-trinitrophenol, Photocatalytic
degradation.

INTRODUCTION

Phenolic compounds are common pollutants in aquatitems. For instance, nitro phenols (NP) are rgéipe
detected in agriculture waste and 4-NP is usechén dynthesis of dyes, pesticides, herbicides, ekme and
pharmaceuticals. 4-NP is known to be both carcinmgand mutagenic. Likewise 2, 4-dinitrophenol =ed in
industries relating to petro chemicals, pesticidbsrbicides, dyes, explosives, pharmaceuticals waodd
preservatives. It is toxic in nature, and removaDOIP from the industrial effluents is highly essah 2, 4, 6-
trinitrophenol is explore under rapid heating. dtresistant to hydrolysis, biodegradation, phoislymnd causes
dermatitis, skin eruptions and nausea on long axess Removal of TNP from ground water is therefugeessary
to safeguard human health. Different methods suclsadvent extraction, adsorption, membrane separand
chlorination have been reported for removal of mienOver the past two to three decades, therebbas a
growing interest in advanced oxidation process lviag semiconductor mediated photo catalysis bezahe
process mineralizes many toxic organic pollutards eelectively at ambient temperature under UVibigslight
irradiation. TiQ is the most widely used semiconductor photo catdigcause it is inexpensive, non-toxic, easy to
synthesize, photo stable, chemically inert and l@ihigood photo catalytic quantum efficiency. Hoeewhe wide
band gap of 3.2eV associated with Ti@lows absorption only in UV region below 380 nrhigh is < 5% of solar
radiation. The process therefore becomes energgtrective. In order to render Tidnto a visible light responsive
photocatalyst, three different approaches in teoin@) doping with transition metal atoms/cationsdaor anions,
(ii) coupling with a sensitizer, and (iii) compasiformation with materials of suitable band potantiave been
actively pursued. Alternately, attention is alseused on developing other binary and ternary metédes to
explore effectively the 44% of visible region oflaoradiation so as to render the process costtefeeand energy
conserving green technology [1]. LQuis a p-type semiconductor with a band gap inrémge of 2.0-2.2 eV, and it
has been reported to be a visible light active ptetalyst for degradation of Methyl orange, Methgélue and
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Rhodamine-B [2-4]. Besides Degussa P25 (Ji@u0 is an important photocatalyst because it is ipe@sive,
readily available, low in toxicity with environmeitacceptability, possesses good absorption irvigible region
and shows high adsorption for molecular oxygen. phesent paper describes@ assisted visible light induced
photocatalytic degradation of mono nitrophenols ®&J- and 4 — nitro phenols, 2, 4 —dinitrophendNF) and 2,
4, 6-trinitrophenol (TNP) using GO under visible light irradiation.

MATERIALSAND METHODS

Materials used:

As purchased A.R grade & (99% Sigma Aldrich), 2-nitrophenol, 4-nitrophémeere obtained (Central drug
house), 2, 4- dinitrophenol GR (Molychem), 2, 4tri6itrophenol AR (Merck) are used directly ineth
photocatalytic studies.

Characterization Techniques:

Phase purity of G® was investigated with X-ray diffractometer (PAjalal- X' Pert PRO, Japan) at room
temperature, using Nickel filtered Cu;Kadiation = 1.54059 A), with a scan rate of 2° minMicro structural
investigation of the sample was performed on thedeved sample using SEM (JEOL-JSM-6610LV, Tokyo,
Japan).UV-visible diffuse reflectance spectrum (UR&) of the sample was obtained with dry pressedsiimples
using Shimadzu UV-visible spectrophotometer (UV-@6Between 200 to 800 nm range. Spectral grade Ba@®
taken as reference in the UV-DRS.

Photocatalytic Studies:

100 mg of catalyst powder was added into 100 mkags solution containing 10 ppm 2-NP/ 4-NP/2, 4-INRA,
6-TNP. The suspension was magnetically stirred3fbminutes in dark. The suspension was then expmsd60
watts metal halide lamp; 5ml aliquots were pipetitcperiodic time intervals and filtered througl®.micron
Millipore filters to remove the suspended powdextelit of degradation was followed by recording the
corresponding absorption spectra. All the experimewere conducted under ambient conditions. Percent
degradation of pollutant is calculated by usingeRpression.

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

RESULTSAND DISCUSSION
X-ray diffraction (XRD) pattern of GO powder used in the present study is shown inlFigll the observed
diffraction peaks could be indexed to cubic;Gphase reported in JCPDS file number 78- 2076&Sinere are no

extra peaks relating to possible impurities suc@® or Cu, the sample is ascertained to be phase@yO. The
calculated lattice parameter of a= 4.269%#4rees well with reported value of 4.267 A
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Fig. 1. X-ray diffraction pattern of Cu,O sample used in thisstudy
Scanning electron micrograph of the sample is shioviig. 2. SEM image indicates particles of sizgiim region
with no characteristic morphology or texture. U\sibie diffuse reflectance spectrum of,Qus given in Fig.3. The
spectrum indicates GO absorption range in the visible region from 409 to 600 nm. Band gap computed from
the spectrum comes to 2.0 eV which is in agreeméhtearlier reports on GO.
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Fig. 3. UVYDRS of Cu,0O

Photocatalytic degradation of 4-Nitrophenol (4-NRs been reported under UV irradiation using ZnOfTwith
oxygen bubbling [5], Ti@impregnated with different transition metal ioe§, [TiO, dispersed over active carbon,
ZSM-5, SiQ and rice husk [7], Ag-Ti@particles [8], ZnO nano flakes [9], Ti®&H,0, [10], ZnO particles [11], Cu-
TiO, nano particles [12], and b, TiO;.5, O,=x/2 where M= Cr, Fe, x= 0.01 — 0.2 [13]. Degradatof 4-NP has
also been reported under visible light using,@TiO, hetero junction [14], Ag/G® hybrid [15], CuO
electrodeposited on indium tin oxide substrate [X&]I core-CpO shell [17], CWO/NiFe0, [18], CuO-TiO,
composite [19], Ti@Q+Cu-porphyrin + HO, [20], N, S. co-doped Ti©[21], TiO,- Zn phthalocyanin [22], Cu@D,

+ Hy,O, [23], Au, PUTIG [24], g-GN4 [25], Zng(VOy,) » [26], F&O4- N-doped TiQ [27], TiO,-graphene-palladium
nano wires [28], LlgsMosTiz (PQy) swhere M= Ni, Co, Mn with HO, addition [29], TiQ-Sn porphyrin nano
particles [30], and BiV@+ H,O, [31].
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Time dependant spectral intensity variations asnatfon of irradiation time for 4-NP, 4-NP +8,, 4-NP + CuyO,
and 4-NP+ CyO + H,0, are depicted in Fig. 4. From the figure it mayrmiced that 4-NP has characteristic
absorption ak max = 320 nm along with another less intense g¢ak= 410 nm which are attributed to protonated
and deprotonted forms of 4-NP respectively. 4-NBwshvery minute photolysis even after 180 min cdidration
(Fig. 4a). Addition of HO, showed a very little effect on the intensity o fheak akmax = 320 nm while the peak
at Aimax = 410 nm showed considerable decrease foriatrad of 180 min (Fig. 4b). Degradation rate of
deprotonted form of 4-NP is much faster compareth&t of protonated form in both of the above ca¥¥égh
Cw,0, 4-NP showed a slight lowering in intensity foetpeak atmax = 310 nm with a simultaneous increase in the
intensity of peak atmax =410 nm indicating preferential transformatafmprotonated to deprotonated form (Fig.
4c). However, in presence of both Quand HO,, 4-NP shows rapid decrease in absorption intensiti
progressive irradiation and complete degradatioadsieved for 120 min of irradiation (Fig. 4d) segting a
synergetic effect due to gD and HO..
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Fig. 4. Temporal variation of spectral intensitiesasa function of irradiation timefor (a) 4-NP, (b) 4-NP+H,0,, (c) 4-NP+Cu,0 and (d) 4-
NP+Cu,0+H,0,

Photocatalytic degradation of 2-Nitrophenol (2—NRs been reported over LiB2], Ag/TiO, [33], V.0s-ZnO

[34] under UV irradiation and with BiVO+ H,O, under visible light irradiation [31]. Time depemilespectral
intensity variations as a function of irradiatiamé for 2-NP aqueous solution, 2-NP#b4, 2-NP+CyO, and 2-
NP+Cyp0O+H,0, are shown in Fig. 5. From the figure, it can bensthat 2-NP exhibits characteristic absorption
peaks ak = 275 nm and 350 nm. Progressive irradiation capbetolysis of 2-NP to an extent of 42% for 18@ mi
of irradiation (Fig. 5a). In presence of,®, 2-NP shows decrease in peak intensity correspgnth 42%
degradation for the peak at= 350 nm (Fig. 5b). In presence of £y 2-NP shows a gradual decrease in peak
intensity atA = 275 nm with simultaneous appearance of a newk peatered af. = 410 nm indicating some
transformation (Fig. 5¢). However, in presence athbCyO and HO,, complete degradation of 2-NP is achieved
for 150 min of irradiation (Fig. 5d) indicating sreergetic effect between g and HO..
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Fig. 5. U.V-visible absor ption spectra of (a) 2-NP, (b) 2-NP + H,0,, (c) 2-NP + Cu,0 and (d) 2-NP + H,0, + Cu,0 asa function of
irradiation time

Remediation of DNP has been reported in terms ofq@atalytic degradation over Ti{B5-40], carbon nanotubes-
TiO, composite [41], BiO3y/Bi,M0Og [42], V,05-Zn0O [43], FgO4/Al,O5/TiO, nanocomposite [44], N, In- codoped
TiO, nano composite [45], Ag doped Bi\((%6], photo, photo-Fenton, solar Fenton catalgtiation [47, 48] and
BiVO, [49]. Fig. 6 depicts temporal variation of spekttantours as a function of irradiation time for BN
DNP+H,O,, DNP+CyO and DNP+CO+H,0,. It can be seen from Fig. 6a that DNP shows dhariatic
absorption abkmax = 350 nm and undergoes very little photolygigai~ 14% for 4 hrs of irradiation. Addition of
H,0; led to a photodegradation of 18% of DNP as seem frig. 6b for the same irradiation time. In preseof
Cw,0, DNP showed very little photodegradation (Fig) @tere as in presence of both,Ouand HO, complete
degradation of DNP occurred for irradiation of 4s hifFig. 6d). In the absence of any new peaks arisin
simultaneously in the entire U.V-visible region endnvestigation, complete decrease in intensitynaax = 350
nm may be ascribed to complete photodegradati@iNG.
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Fig. 6. Temporal variation of spectral intensitiesasa function of irradiation timefor (a) DNP, (b) DNP + H,O,, (c) DNP + Cu,O and (d)
DNP + HzOz + CUzO

Remediation of TNP has been reported in terms ofgblectrochemical [50], catalytic [51], wet akidation [52],
vacuum ultra violet [53], Fenton and Photo Fentd#],[ and photocatalytic degradation over JiB4, 55, 35],
carbon nanotubes/Nik®, [56] and BiVQ, [49]. UV-visible absorption spectra of TNP, TNPs£M, TNP+CyO and
TNP+CyO+H,0, as a function of irradiation time are shown in.Fig From the figure, it is apparent that TNP
shows a maximum absorptionlat 350 nm. Irradiation up to 5 hrs did not causg measurable photolysis of TNP
(Fig. 7a). In presence of,B,, TNP showed considerable degradation up to 35% flors of irradiation (Fig 7b).
Photocatalytic degradation of TNP over,Oudid not show measurable degradation of TNP as §een Fig. 7c.
However, TNP in presence of both Luand HO, has undergone progressive degradation as eviddnceide
lowering in intensity akmax = 350 nm and irradiation of 5 hrs led to cortgliegradation (Fig. 7d).
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Fig. 7. U.V-visible absor ption spectra of (a) TNP, (b) TNP + H,0z, (¢) TNP + Cu,0 and (d) TNP + H,0, + Cu,O asa function of
irradiation time

Based on the experimental data presented aboveghibt® degradation mechanism for 4-NP and 2-NP beay
suggested as follows:

CwO +h — e g (CO) + H yg (C,0)
e_CB(CUQO) + |'i202 — 'OH + _OH

h*ve (CbLO) + ~ OH— "OH

MNP/DNP/TNP + "OH— Degradation products

Our results show that 2-nitro phenol, 4-nitro pHeRp4-dinitrophenol and 2, 4, 6-trinitrophenohdae successfully
degraded by D, assisted GO under visible light and the addition 0of® augmented rate of degradation. Ease of
photocatalytic degradation in the nitrophenols &ddhas been found to vary in the order 4-nitrophen 2-
nitrophenol > di-nitrophenol > tri-nitrophenol.

CONCLUSION

CwO has been found to be an effective visible lighbttp catalyst for the degradation of 2-nitrophensl,
nitrophenol, 2, 4-dinitrophenol and 2, 4, 6-trinjthenol. Degradation of 4-NP and 2-NP occurredlf2f and 180
min of irradiation respesctively. Degradation ofAZlinitrophenol and 2, 4, 6-trinitrophenols ocedrin 4 hrs and 5
hrs respectively. Presence of® showed synergetic effect on the degradation ob mibenols over GO.
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