View Article Online

View Journal

M) Cneck tor updates

New Journal of Chemistry A journal for new directions in chemistry

Accepted Manuscript

This article can be cited before page numbers have been issued, to do this please use: R. Varshney, S.
Kumar, K. Ghosh and D. Patra, New J. Chem., 2020, DOI: 10.1039/C9NJ05322K.

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been
accepted for publication.

R —— Accepted Manuscripts are published online shortly after acceptance,
before technical editing, formatting and proof reading. Using this free
service, authors can make their results available to the community, in
citable form, before we publish the edited article. We will replace this
Accepted Manuscript with the edited and formatted Advance Article as
soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes to the
text and/or graphics, which may alter content. The journal’s standard
e Terms & Conditions and the Ethical guidelines still apply. In no event
~ ooy shall the Royal Society of Chemistry be held responsible for any errors

O cremsTRY ' @ or omissions in this Accepted Manuscript or any consequences arising
from the use of any information it contains.

-

™ ROYAL SOCIETY rsc.li/njc
ap OF CHEMISTRY


http://rsc.li/njc
http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
https://doi.org/10.1039/c9nj05322k
https://pubs.rsc.org/en/journals/journal/NJ
http://crossmark.crossref.org/dialog/?doi=10.1039/C9NJ05322K&domain=pdf&date_stamp=2020-01-27

Page 1 of 7

oNOYTULT D WN =

25

N = O V0N

O VW OoONO U b

aPubligled.ong? JGHWYLBO%HO- Rowgl ogsled byl nrsaka

42

New Journal of Chemistry

View Article Online
DOI: 10.1039/C9NJ05322K

Fabrication of Dual Catalytic Microcapsules by Mesoporous
Graphitic Carbon Nitride (mpg-C;N,) Nanoparticles-Enzyme

Received 00th January 20xx,
Accepted 00th January 20xx

DOI: 10.1039/x0xx00000x

Conjugates Stabilized Emulsions.

Rohit Varshney?, Sushil Kumar®, Kaushik Ghosh®* and Debabrata Patra®”

Emulsion templated microcapsules (MCs) were fabricated by simultaneous self-assembly and crosslinking of mpg-C;N,

nanoparticles (NPs) and lipase conjugates at oil-water interface. The presence of both enzymes and mpg-C;N,; NPs at the

interface make the MCs an ideal candidate for dual catalysis i.e. biocatalysis as well as photocatalysis. The biocatalytic

activity of the MCs is found to be 1.2 fold higher compare to free enzymes and the visible light induced dye degradation

rate by mpg-C;N, immobilized MCs is 1.7 times higher than NPs only. Most importantly, these MCs are capable of
performing biocatalytic and photocatalytic activity simultaneously in mixture of substrates.

Introduction

Intensive industrial and agricultural activities have led to a
considerable contamination of soil and water by toxic pollutants,
which may have catastrophic impact on human health and
environment.> 2 Emerging pollutants like pharmaceutical waste,
flame retardants, dyes and pesticides are of great concern and
there is a global need for the development of new, low-cost and
eco-friendly treatments.> 4 Most prior attempts focus on
photodegradation and biodegradation to address the waste
remediation.> © In photocatalytic degradation, photocatalysts
absorb light and produce electron/hole pairs. The photogenerated
hole produces reactive radicals and degrades the contaminants.
Aromatic hydrocarbons and chlorinated aromatic hydrocarbons,
phenols, pesticides dyes can be decontaminated by this process.”®
Biological degradation refers to the elimination of pollutants either
by enzymatic oxidation or by relying on the metabolic activity of
living microorganism like bacteria and fungi.’® Due to low cost and
energy requirements, biological treatments have been widely
accepted to treat waste water containing azo dyes. However,
separate degradation of waste materials increases cost, thus the
problem of sequential treatments can be overcome if both the
degradations can occur together.!! An emerging approach
combines both photodegradation and biodegradation to minimize
the processing steps and often times the combined approach leads
to complete mineralization of the pollutants.’>'> This strategy
requires co-immobilization of the catalysts on the carriers and
catalytic cycle of one catalyst should not get hindered by the
presence of another catalyst.

a Institute of Nano Science and Technology, Habitat Centre, Phase-10, Sector-64,
Mohali, Punjab, 160062, India.

b Institute of Nano Science and Technology, Habitat Centre, Phase-10, Sector-64,
Mohali, Punjab, 160062, India.

t Footnotes relating to the title and/or authors should appear here.

Electronic  Supplementary Information (ESI) available: [details of any

supplementary information available should be included here]. See

DOI: 10.1039/x0xx00000x

Co-immobilization of catalysts requires a robust carrier with high
surface area and also it needs an easy fabrication procedure for
large scale productions. In this context, Pickering emulsions
stabilized by colloidal particles can play an important role due to
their enhanced stability, environmental friendliness as well as low
fabrication cost.1® 17 Apart from their usage in encapsulation and
drug delivery, the colloidal microcapsules (MCs) were also
successfully applied in catalysis. In a typical emulsion catalysis, the
catalysts are located either inside or outside of the emulsion
droplets. For example, nanoparticles (NPs) stabilized oil-in-water
(o/w) emulsions act as a microreactor for solubilizing hydrophobic
catalysts and provide a template for biphasic reaction.!® 1° Similarly
water-in-oil (w/o) type Pickering emulsions produces aqueous
microenvironment to protect hydrophilic components from the
organic media.?’22 These types of emulsions can be used in various
biocatalytic systems, confining enzymes in organic media.?> 2* In
other approach emulsion droplets act as scaffold for immobilization
of catalysts at oil-water interface. Both synthetic and biocatalysts
have been immobilized at the interface to perform desired
catalysis.2> 26 Similar approach can be adopted to construct MCs
which will be able to perform both photocatalysis and biocatalysis
simultaneously.

Herein, we report a simple approach for the fabrication of stable
dual catalytic MCs by simultaneous self-assembly and crosslinking
of mpg-C3N; nanoparticle and enzyme conjugates at oil-water
interface. The presence of both lipase and mpg-CsN; NPs at the
interface make the MCs an ideal candidate for dual catalysis i.e.
biocatalysis as well as photocatalysis. To best of our knowledge this
is the first example of catalytic MCs derived from emulsion droplet
exhibiting dual catalytic activity in respective substrates. Most
importantly, these MCs are capable of performing biocatalytic and
photocatalytic activity simultaneously in mixture of substrates.
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Experimental Section
Materials

Dicyandiamide 99%, Amano Lipase PS from Burkholderia cepacia,
1,2,4-Trichlorobenzene(299%), Nile red, Bradford Reagent, Bovine
Serum Albumin (analytical standard), Rhodamine B, p-Nitrophenyl
palmitate were purchased from Sigma-Aldrich and used as received
without further modification. Cetyl trimethyl ammonium bromide
(CTAB), and Tetraethyl orthosilicate was purchased from TCI.
Glycine, Gum Arabic, TritonX-100, Calcium chloride, 2-Propanol
were purchased from HIMEDIA. All other solvents were of analytical
reagent grade. Millipore water (18.2 MQecm at 25 °C) was used in
all experiments.

Preparation of mesoporous graphitic Carbon Nitride nanoparticles
(mpg-C3N,):

Synthesis of mesoporous MCMA41: Synthesis of MCM41 was
followed as per literature reported protocol with little
modification.?” In a typical procedure, 1.5 g of CTAB was added to
120 mL of distilled water and then was heated to 80 °C. To this
solution, 1.75 mL of 2.0 M of NaOH was added. After 5 minutes of
stirring, 2.36 g of Tetraethyl orthosilicate (TEOS) was added rapidly
and was allowed to stir at 80 °C for 2 hours. White precipitation was
observed and was collected via centrifugation at 3000 rpm. Finally,
the precipitate was dried at 60 °C to get solid powder. To remove
the surfactant from the powder, the white precipitate was heated
at 550 °C to get the MCM41 template.

Synthesis of mesoporous graphitic carbon nitride (mpg- C3N,):

0.5 g of the MCM41 template was taken in a beaker and 4M of
dicyandiamide (DCDA) (3 mL) was added under slow stirring at 45 °C
till the slurry became dry. The solid content was collected and then
heated at 550 °C for 5 hours to get the g-C3N, impregnated MCM41
template. The solid was then added to 10 mL of 10% HF solution
and kept it for 5 hours in a fume hood for the complete removal of
MCM-41 template. The solution was then centrifuged at 5000 rpm
for 15 minutes to get yellow colored precipitation. The precipitation
was redispersed in 10 mL of water and again was collected by
centrifugation at 5000 rpm for 15 min. This process was repeated
five times for complete removal of HF from the solution. Finally, the
precipitate was dried at 60°C overnight to get yellow coloured
mesoporous g-C3N, structure.

Preparation of Microcapsules (MCs):

The formation of MCs is based on supramolecular assembly of
lipase and NP in aqueous solution. The fabrication of MCs is a two-
step process. First step involves the formation of neutral or low
valent charge conjugates by mixing 470uL of NPs (1mg/mL in 10mM
glycine-HCl buffer; pH 3.0£0.5 adjusted with 1M HCI) with 330uL of
Amano Lipase PS (1mg/mL in 10mM glycine-NaOH buffer; pH
7.4+0.5 adjusted with 1M NaOH). In second step, 50uL of 1,2,4-
Trichlorobenzene was subsequently added to a nanoparticle-
enzyme conjugate solution (800uL) followed by vigorous
mechanical agitation for 30s. In this process a spontaneous self-
assembly and extended cross-linking of nanoconjugates occurred
and it resulted in formation of stable MCs. These MCs were washed

2| J. Name., 2012, 00, 1-3

three times to remove excess nanoconjugates QLK tQoANY
characterization. DOI: 10.1039/CINJ05322K

Enzyme activity assay:

The enzymatic activity of the MCs was determined
spectrophotometrically by using an assay based on hydrolysis of p-
Nitrophenyl palmitate (p-NPP). Solution A: 3 mg/mL of p-NPP in 2-
propanol; Solution B: 110 mg of gum arabic and 400 uL of Triton X-
100 was dissolved in 100 mL of Tris buffer (50 mM, pH 7.4). Solution
C: 166.5 mg of calcium chloride in 100 mL of deionised water (DI)
water. 45 pL of solution A and 405 pL of solution B were added to
250 pl of calcium chloride solution. The final volume was adjusted
to 1.5 mL by adding Tris buffer (50 mM). The mixture was incubated
for 10 minutes at 60 °C. 50 pL of MCs were added immediately to
the substrate solution. Hydrolysis of the substrate to p-Nitrophenol
was monitored by measuring the absorbance at 410 nm up to 10
minutes at an interval of 60 seconds. The assays were implemented

in duplicate and triplicates, and averages were reported.

Photodegradation study:

The photocatalytic performance of MCs was investigated by RhB
degradation study. Pyrex photocatalytic reaction apparatus with
400 W Xe arc lamp (with a filter A > 400 nm) was used as a light
source. The apparatus was kept at a constant temperature through
integrated circulating water system. The freshly prepared MCs were
added to the 8 mL aqueous solution of RhB (12uM). Prior to light
irradiation, the suspension was stirred for 20 min to reach
adsorption-desorption equilibrium. The solution was gently stirred
throughout the experiment to prevent the damage of MCs. During
the course of the reaction, 500 pL aliquot of reaction mixture was
collected for UV-Vis analysis at 20 mins intervals up to 140 mins. In
a control experiment, NPs suspension (1mg/mL) was added to same
volume of RhB aqueous solution. The degradation efficiency of
organic dye RhB was analysed by an UV-Vis spectrophotometer at
wavelength 554 nm. All photocatalytic experiments were carried
out at 25 °C.

Characterization

All the preliminary characterization of MCs was carried out by
optical microscopy (Olympus BX53F microscope). MCs were
transferred to a glass slide with the aqueous solution for imaging.
Fluorescent samples and dried samples were also characterized by
the same optical microscope. The Zeta potential analysis was
carried out by Zetasizer Nano ZSP (ZEN5600) instrument. The phase
purity and crystalline nature of the graphitic carbon nitride
nanostructures were determined by Bruker powder X-ray
diffractometer (PXRD, D8 ADVANCE with DAVINCI design) operated
at 40 KeV and 25 mA with Cu Ka radiation in the range of 10-800
with a step of 0.028. The surface area and pore size analysis of the
samples were determined by nitrogen physisorption at 77K in
Autosorb 1Q Quantachrome instrument using the BET and the
Barrett-Joyner-Halenda equation. Transmission electron microscopy
(TEM) was carried out with a JEOL JEM-2100 microscope operating
at acceleration voltage 200KV. Confocal laser scanning microscopy

This journal is © The Royal Society of Chemistry 20xx
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(CLSM) was carried out with Carl Zeiss microscopy LSM 880. The
Photocatalytic activity was further evaluated by the degradation of
model Rhodamine B (RhB) dye spectrophotometrically monitored
by optical absorption values (at 554 nm on UV-2600 ultraviolet-
spectrophotometer SHIMADZU) during the
photodegradation process. The biocatalytic assay was evaluated by

visible

hydrolysis of para-Nitrophenyl palmitate into p-Nitrophenol (yellow
coloured solution) and palmitic acid and the concentration of p-
Nitrophenol formed was spectrophotometrically monitored by
optical absorption values at 410nm. UV-vis diffuse reflectance
spectroscopy (UV-vis DRS) was recorded on a Agilent Technologies
Cary Series UV-Vis spectrophotometer in the range 200-800 nm at
room temperature, with a BaSO, standard used as the reference.
The Mott-Schottky plot was obtained at a frequency of 0.1 kHz in an
aqueous solution of 1.0M KOH by Metrohm Autolab (MULTI
AUTOLAB M204).
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Figure 1. Schematic representation for fabrication of dual catalytic MCs
stabilized by mpg-C3;N, nanoparticle-enzyme conjugates at oil-water
interface.

Results and Discussions

The dual catalytic MCs presented here are consisted of
mesoporous graphitic carbon nitride (mpg-CsN4) NPs and enzymes.
The NPs used in this study was synthesized as per the previous
literature report which has been mentioned in the experimental
section and the average crystallite size of NP was 4.9 nm (See SI Fig.
S1-S4). The freshly prepared aqueous dispersion of NPs showed a
pH dependent zeta potential behaviour due to the presence of
terminal amine group.?® In this study the zeta potential of NPs in 10

This journal is © The Royal Society of Chemistry 20xx
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mM glycine-HCl buffer (pH 3.5+0.5) was +19.1 + 0.26 YV, The lipase
from Burkholderia cepacia (pl = 5.2) Was 1046d9/69Nepzyrne
component to bind with positively charged NPs. The enzyme was
dispersed in 10 mM glycine-NaOH solution (pH 7.4+0.5) and the
zeta potential of the enzyme was -10.5 + 4.7 mV. In order to
stabilize the emulsion, the formation of neutral charge conjugates
was crucial and the charge of the NP-enzyme complex was assessed
by zeta potential titration. The conjugates were formed by mixing
NPs and enzymes at a fixed concentration (See S| Fig. S5) and the
effective charge of the complex was recorded to -0.556 + 0.16 mV.
Next step involves the addition of oil (chloroform) to the complex
solution followed by vigorous mechanical agitation which resulted
in formation of spherical MCs (Figure 1). The entrapment of NP-
enzyme conjugates at oil-water interface as well as their extended
crosslinking at the interface stabilized the MCs.

The freshly prepared MCs were analyzed by Optical Microscope
(OM) and the OM micrograph revealed the size of MCs ranging
from 20 um to 150 um (Figure 2a). The slow evaporation of organic
solvent from the inner core of the MCs resulted crumbled
morphology (Figure 2a inset) however the shape integrity was
maintained inferring the stability of the MCs. To determine the
emulsions type, Nile red was used as an oil soluble dye. Successful
encapsulation of dye inside the MCs was examined by fluorescence
microscope and red fluorescent image of MCs (Figure 2b) confirmed
the formation of oil-in-water emulsion in this approach. Blue
emission, an inherent property of mpg-CsN, was observed when
MCs were excited by UV light under fluorescence microscope
(Figure 2c). Further investigation of the MCs by confocal laser
scanning microscopy (CLSM) showed that the blue emission was
observed only from the surface of the MCs under 405 nm excitation
(Figure 2d). The Z-stacking image (Figure 2d inset) of MC also
confirmed the presence of NP selectively at the surface of capsules.
The immobilization of enzyme on the surface of MCs was confirmed
in earlier report.??

200pum

200pm

Figure 2. (a) Optical micrograph images of mpg-C3N;-enzyme immobilized
MCs, inset shows dried MCs with wrinkle formation (b) Fluorescent
microscopy image of Nile red encapsulated MCs. (c) Fluorescence
microscope image of MCs (d) Confocal microscopy image of microcapsule,
inset micrograph shows confocal z-stack 3D reconstuct image of MC.
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The presence of NP-enzyme conjugates at the surface of MCs
provides the substrate accessibility for the dual catalysis. To assess
the biocatalytic activity of the MCs, it is important to quantify the
amount of enzyme immobilized on MCs. The yield of lipase
immobilization onto the MCs was estimated by measuring the
amount of residual enzyme in the buffer system using Bradford
protein assay.3® The measurement showed that ~ 30% of the
enzyme remained in the supernatant phase of MCs, indicating that
70% of the enzyme was successfully immobilized on the MCs. The
enzymatic activity of  the MCs
spectrophotometrically by using an assay based on hydrolysis of p-
Nitrophenyl palmitate (p-NPP) (Figure 3a).3! The catalytic activity

was determined

for microcapsules was found to be 1.2 fold higher compare to free
enzyme (Inset; Figure 3a) with no detectable autohydrolysis of
substrate observed. The higher activity of immobilized lipase arises
due to the presence of hydrophobic (oil) environment in the
system.3?

;:‘ 0.74| —= Autohydrolysis
- || —o—Freeenzyme
< 06 A-Mcs
£
c
o 0.5
s -
4 Em
? J EHDO
2 034 g
g ] o [
0-2_ ! Biocatalysis .g 40
¢ R
g 0.1- £ o
o+—- 7
0 2 4 6 8 10

Time (min)
Figure 3. Activity assays of MCs and free lipase in Tris Buffer (50 mM)
and inset shows the relative activity (free lipase solution = 100%).
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The photocatalytic activity of the MCs has been examined by the
degradation of Rhodamine B (RhB) dye under visible light
irradiation and the process was monitored by measuring the
absorbance of dye at 554 nm. Prior to photo irradiation, the
adsorption equilibrium state was reached in 20 minutes for all
materials tested in dark. After the adsorption equilibrium, the
reaction mixture was irradiated with visible light to perform the dye
degradation process. MCs degraded the dye completely in 140
minutes as shown in Figure 4a whereas only 94 % degradation was
observed in presence of mpg-CsN,4 colloidal suspension (See Sl Fig.
S6). The corresponding first-order kinetics plot in Fig 4b explained
that the MCs exhibits the faster degradation rate (k ycs = 0.026 min-
L Kmpg-cn = 0.0130 min‘t), which is almost 1.73 times higher than
that of colloidal suspension of mpg-CsN4. The faster kinetics could
be the result of better visible light utilization by mpg-CsN,
nanoparticles upon immobilization on emulsion surface. The
electron gripping effect by amide bond, abundant in proteins, might
supress the recombination probability of electron-hole pair, thus
the photocatalytic activity of mpg-C3Ns-enzyme
conjugated MCs.33 Further the dye degradation mechanism was

enhance

investigated by tracking several active species such as :OH, -0%~
electrons (e-) and holes (h*) produced during photolysis (Fig 4c).
The degradation efficiency (D) can be calculated as D= (Cy-C/Cy)
x100, where Cy and C are the equilibrium concentration of the dye
before and after light irradiation, respectively. As shown in Figure
4c, the degradation of RhB was significantly (< 5%) inhibited by
addition of 10% (v/v) TEOA (Triethanolamine; hole scavenger)
whereas in presence of DMSO (Dimethyl sulfoxide; electron
trapper) 75 % dye degradation still occurred. It clearly implies that
the photogenerated holes were the key factor for decolouration of
RhB.

(a) (b) (c)
104 25| g MCs o 1.0 I A RnB
—e— under Dark
8] 20
. —s— MCs
—s— mpg-CN — 1 )
06 ] 3 e
- -
Q o4l Q. 1.0
Q £
0.5 o -OH
02] he
0.0
D'o T T T T T | T T T T T T
0 20 40 60 8 100 120 140 160 0 20 40 60 0 100

Irradiation Time (min)

Irradiation Time (min)

IPA.  TEOA

Only RhB DMSO BQ

Figure 4. (a) Photodegradation study of RhB in presence of MCs, aqueous solution of mpg-CsN,and absence of visible light. (b) The corresponding first-order
kinetics plots of mpg-C;N, and MCs. (c) Photocatalytic degradation efficiency of mpg-CsN,/enzyme immobilized MCs in presence of various scavengers.
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To probe the generation of reactive oxygen intermediates during
the photolysis process, isopropyl alcohol (IPA; hydroxyl radical
scavenger) and benzoquinone (2mM) (BQ; superoxide radical
scavenger) were added to reaction mixture. The degradation was
supressed in presence of BQ and the results indicate that a large
number of 02~ were generated when mpg-C3N, irradiated under
visible light. Degradation of the dyes was supressed to 25 % when
IPA was added to the solution concluding that :OH radical was
produced through the reaction of 0%~ with H+ during the course of

reaction.
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Figure 5. (a) Mott-Schottky (MS) plot of the mpg-C;N, electrodes. (b)
Schematic diagram showing the process of the photocatalytic
degradation of RhB over the mpg-C;N, nanoparticle.

The scavenger studies infer that RhB dyes have been degraded via
two pathways (a) direct photocatalytic process and (b) dye
sensitization process. In direct photocatalytic process, incident
photon on semiconductor catalysts generates hole in the valance
band (VB) and electron in the conduction band (CB). These
photogenerated species either directly react with dye or produce
reactive radicals for the degradation of dye molecules. In dye
photosensitization process, the photo excited dyes adsorbed on the
semiconductor surface can transfer their electrons into the CB of
the semiconductors and readily react with O, to form 0, radicals
for the degradation of dyes. To investigate further, conduction band
potential (Ecg) and valence band potential (Eyg) of mpg-CsN; NPs
were estimated by diffuse reflectance spectroscopy analysis (DRS;

This journal is © The Royal Society of Chemistry 20xx
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See Sl Figure S7) and Mott-Schottky plot (Figure 5a). The minima Ecs
and Eyg are estimated to be -1.02 eV and 1.9DeVoforanpoiCidaINPs
respectively. As per literature report, the highest occupied
molecular orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO) levels of RhB are about 0.95 eV and -1.42 eV,
respectively.3* From the energy level diagram as depicted in Figure
5b, it is evident that photogenerated holes (h*) are transferred to
the highest occupied molecular orbital (HOMO) of RhB and thus
influence the RhB degradation to CO,, H,0 and other products via
direct photocatalytic process. On other hand, in photosensitization
process, photo excited RhB dyes transfer the electron from LUMO
to low lying CB of mpg-C3N4 NPs where it reacts further with O,
molecules on the photocatalyst to generate *OH and 0O, radicals
for dye degradation process.

The key challenge of a multiple catalysts loaded system is their
ability to catalyze the reactions in mixture of substrates. In this
experiment, the mpg-CsN; NP-enzyme conjugates composed MCs
were added to mixture of p-NPP (substrate for enzyme) and RhB
(substrate for mpg-C3N,). Figure 6 compares the catalytic activity of
MCs in individual substrate versus in a mixture of substrates. It is
important to mention that the catalytic activity in individual
substrate was assumed to be 100 % for better comparison. The
biocatalytic activity of the MCs was calculated to 75% whereas the
photocatalytic activity was estimated to 84% in the reaction
mixture. These results clearly demonstrated that MCs are able to
perform dual catalytic activity simultaneously in a mixture of
substrates.

Relative Activity(%)

Biocatalysis
Figure 6. Assessment of biocatalytic activity and photocatalytic activity in a
mixture of substrate. For photocatalysis the dye degradation efficiency is
considered as relative activity for comparison. Catalytic activity in individual
substrate was considered as 100%.

Photocatalysis

Conclusion

In summary we have demonstrated a simple strategy to
fabricate dual catalytic microcapsules by immobilizing mpg-C3sN4-
enzyme nanoconjugates at oil-water interface. MCs consisted of
two catalyst components perform individual catalytic cycle
separately in their respective substrate. Interestingly, these MCs are
able to execute photocatalysis and biocatalysis simultaneously in a
mixture of substrate without much compromising their activity. This
approach will open up the avenue for biomedical waste treatment

J. Name., 2013, 00, 1-3 | 5
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where mixture of pollutants needs to be degraded in minimum
number of cycle.
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