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Abstract
Chlorpyrifos is a broad-spectrum organophosphate pesticide widely used for agricultural and non-
agricultural applications that can highly intervene and impact with the ecosystem and affects both biotic
and abiotic components. Photocatalytic degradation process using nanoparticles and nanocomposites
are more fascinating as they are rapid and e�cient than the existing other degradation routes. In this
study, Curcubita maxima leaves are used as a novel source for green synthesis of reduced graphene
oxide - silver composite in a single pot. Characterization of the novel phyto source driven composite was
performed by UV-visible spectroscopy, Fourier transform infrared analysis, X-ray diffraction analysis and
�eld emission scanning electron microscopic methods. The assessment of degradation effect of
chlorpyrifos by the synthesized nanocomposite was performed. The photocatalytic activity of the
composite was demonstrated through two different process as adsorption under room temperature and
photocatalysis in the presence of sunlight. Different parameters such as pH, time, photocatalyst dose and
pesticide concentration were optimized. The adsorption isotherms governing the photocatalytic
adsorption process were investigated to predict the adsorption capacity of the synthesized
nanocomposite. In addition, the results of antimicrobial activity of the nanocomposite against gram-
positive, gram-negative bacteria and antifungal activity were also been found to be highly promising to
utilize this composite for the removal of microbial contaminations in wastewater treatment.

Introduction
Chlorpyrifos [O, O-diethyl O-(3, 5, 6-trichlor-2-pyridyl) phosphorothioate] (CP) is a broad spectrum
organophosphate (OP) pesticide widely used for agricultural and non-agricultural applications. This
pesticide can highly intervene and affect the ecosystem and effect up to the radius of 24 km around the
site of application (Das et al. 2017). The extensive usage of CP resulted in its persistence into the
environment (soil, ground water, and air), agricultural products and its byproducts. Such bioaccumulation
of the CP into the food web ecosystem affects both biotic and abiotic components. Cardiovascular
disorders, central nervous system related disorder due to acetylcholine esterase inhibition, respiratory
tract issues are some of the effects of CP bioaccumulation to humans and notorious impact on �shes
are also identi�ed as some of the health issues related to CP (Bootharaju and Pradeep 2012; Yang et al.
2008; Deb and Das 2013). Apart from being immunotoxin and neurotoxin to humans, CP also adversely
affects the microbiota population such as bacteria, fungi, algae of the soil as well as impression with the
mineralization process and nitrogen �xation (Akbar and Sultan 2016). Therefore, the concern for
addressing the global ecosystem threat due to high accumulation of CP, gains more interest on research
avenues.

The need for appropriate green remediation techniques has driven application of microbial enzymes that
degrades CP via hydrolysis and breakdown into other smaller and intermediatory metabolites such as
3,5,6-trichloro-2-pyridinol (TCP) and diethylthio-phosphoric acid (DETP) etc., (Akbar and Sultan 2016).
Bio-bed was formed using peat, andisol, straw and layer of grasses mixed with soil and treated along
with the hydrolytic enzymes to mimic the natural environmental degradation of the pesticide (Fernandez
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et al. 2012; Tortella et al. 2012). Flavobacterium sp. ATCC 27551, Alcaligen faecalis, Arthrobacter sp.,
Klebsilla sp., Paracoccus sp., Enterobacter sp., and Saccharomyces cerevisiae, Aspergillus sp.,
Trichoderma sp., Fusarium sp., Phanerochaete chrysosporium, Aspergillus terreus, Verticillium sp. are few
CP degrading bacterium and fungus strains respectively (Li et al. 2008; John and Shaike 2015; Gilani et
al. 2010). Plesiomonas sp. M6 was the �rst bacterial strain from which organophosphate hydrolase
(mph) gene was isolated and cloned using Sphingomonas sp. strain Dsp-2 and Stenotrophomonas sp.
strain YC-1 for degradation of CP and its toxic intermediates. The alternate degradation techniques
utilizes immobilized enzymes such as lipases, β-glucosidases, lactases combined with nanoparticles to
improve the degradation rate of CP. Laccase enzyme immobilized using chitosan as crosslinking agent
upon the magnetic iron nanoparticles escalates the degradation of CP (Das et al. 2017).

Photocatalytic degradation process using nanoparticles and nanocomposites are more fascinating as
they are rapid and e�cient than the existing other degradation routes. The effective photocatalytic
degradation of CP was reported by TiO2 nanoparticles with and without bacterial strains (Budarz et al.
2019). Carica papaya mediated co-reduced bimetallic silver/copper nanocatalyst with tentacle like
morphology and its application with removal of CP from waste water into lesser toxic product such as
diethylthiophosphate (DETP) and 3,5,6-trichloro-2-pyridinol (TCP) (Rosbero and Camacho 2017).
Hydrothermal synthesis of hetero junction CuS-Bi2O2CO3 system mediated by KCl and urea and the one-
pot synthesized novel ternary CuO/TiO2/PANI nanocomposite were recorded with superior photocatalytic
degradation of CP under visible light illumination (Majhi et al. 2018). The improved degradation e�ciency
by photo luminescence process is due to the reduction of narrow band energy gap (2.0 eV) thereby
preventing the recombination of the photon generated charges (Nekooie et al. 2021). The mechanism
behind photocatalytic degradation of CP with Fe3O4 and WS2 nanoparticles immobilized on the
mesoporous silica under UV light was low recombination rate of electron-hole pairs (Merci et al. 2020).
Coated graphene nano-platelets (GNPs) and zirconium vanadate (ZrV2O7) system with very least band
gap system have higher e�ciency of degradation than bare ZrV2O7 alone. The hydroxyl radicals and the
holes generated were the highly reactive factor for the degradation of the CP in the wastewater (Samy et
al. 2020).

Studies on various factors that contributes to the effective degradation of CP were investigated. Moisture,
pH, type and load of microbial strain, temperature, concentration of CP, nature of the soil and the type of
irradiation source were found to be the most important driving factors for effective degradation activity of
the different catalysts (Racke et al. 1996; Singh et al. 2006; Hossain et al. 2013). In this study, novel
phyto-source mediated, one-pot co-reduction produced reduced graphene oxide-silver nanoparticles
composite was synthesized, characterized for its morphology, functional group and evaluated for its
antimicrobial activities. The degradation of the chlorpyrifos was investigated under adsorption and
photocatalytic process. The sunlight induces two process with the nanocomposite as excitation of the
silver plasmons and the conductive stacked rGO where both enhances the separation of the charged
groups in the pesticide and instigates the oxidative degradation of the organophosphate backboned
pesticide CP. The various factors that affects the degradation were also studied and optimized.
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Materials And Methodology
All the analytical grade chemicals such as graphite powder, silver nitrate, potassium permanganate,
acids, organic solvents etc., were purchased from the LOBA chemicals, Mumbai, India. Fresh Curcubita
maxima leaves and chlorpyrifos were procured from the Chennai local market.   

Graphene oxide synthesis using modi�ed hummer’s method

Graphene oxide (GO) was synthesized from graphite powder following modi�ed Hummer’s method
(Yadav et al. 2018). Brie�y, 2 g of graphite powder and 2 g of sodium nitrate in 100 ml of concentrated
H2SO4 was taken in a conical �ask and kept in an ice bath and subjected to constant stirring for 2 h.
About 14.6 g of KMnO4 was added slowly and periodically to the reaction mixture under continuous
stirring at temperatures of 0 – 4 °C. 180 ml of deionized water was slowly added to the stirring setup and
stirring was continued until the solution turns into dark brown. 10 ml of 30 % H2O2 was added to
terminate the reaction con�rmed and 110 ml of double distilled water was added for dilution turns the
entire suspension into dark yellow color. The stirring setup was switched off and the solution was
subjected to centrifugation at 5000 rpm for 5 min. The pellet was taken for continuous 2-3 consecutive
wash cycles using dilute HCl, deionized water and ethanol. The produced GO was dried at 40 °C for 4 h
(Upadhyay et al. 2015; Esencan and Filiz 2020).

Preparation of Curcubita maxima leaf extract 

Curcubita maxima leaf extract was used to prepare reduced graphene oxide (rGO) & silver nanoparticles
(AgNPs) based on its properties like cheap, easily available, chemical and medicinal property. Fresh
leaves were obtained from local farming lands. Leaves surface were thoroughly washed and cleaned
thrice with double distilled water and air-dried at room temperature. Leaves weighing 20 g were cut into
smaller pieces and boiled for 20 min in a 250 ml �ask along with 100 ml of deionized water. The obtained
extract was cooled and �ltered using Whatman No.1 �lter paper and stored at 4 °C and were used for
further process (Karthik et al. 2020a; Karthik et al. 2021).

One-pot green synthesis of reduced graphene oxide - silver nanocomposite

100 mg of dried GO synthesized using hummer’s method along with 100 mg of AgNO3 was added to 200
ml of distilled water and subjected to magnetic stirring for 2 h at 90 °C. 20 ml of the prepared plant
extract was added to the suspension and continued with the stirring for 3 h. The stirring was switched off
and the solution was centrifuged at 5000 rpm for 10-15 min. The rGO-AgNP pellet was dried and stored
for further studies (Karthik et al. 2020b).

Characterization studies

The synthesized GO and rGO-AgNP composite was characterized initially to con�rm the synthesis using
systronics 2202 – UV-visible double beam spectrophotometer in the range of 200- 600 nm. The surface
morphology of the composite was characterized by scanning electron microscopy (SEM) operated at



Page 5/27

voltage of 15 kV using the powdered sample. The functional groups that were present in the GO & rGO-
AgNP samples were detected using Perkin Elmer system Fourier transform infrared (FTIR)
spectrophotometer in the wave number ranging 4000 - 450 cm-1 with a resolution of 1.0 cm-1. The crystal
nature of the synthesized  GO & rGO-AgNP sample were identi�ed by measuring the diffraction intensity
of the nanocomposite at 2 theta angles ranging from 10˚ - 80˚ using Pert MPD X-ray diffractometer with
Cu-Kα radiation working  at 40 kV and 30 Ma (Karthik et al. 2021; Karthik et al. 2019).

Antimicrobial studies – zone inhibition assay

The antimicrobial activity of the synthesized nanocomposite was studied using inhibition zone assay.
Brie�y, 100 µl of E. coli, B. subtilis and S. cerevisiae were inoculated overnight in Luria broth (LB) medium
and spread using L-glass rod on nutrient agar plate. The plate was punctured and rGO-AgNP
nanocomposite were loaded in the well. It was kept for overnight incubation at 37 °C and the inhibition
zone was calculated on the next day after 24 h of incubation comparing with ampicillin as a standard
(Karthik and Radha 2016). 

Adsorption and photocatalytic degradation studies

The degradation e�ciency of synthesized rGO-AgNP composite on chlorpyrifos (CP) was investigated by
the adsorption process under room temperature and photocatalytic process under direct sunlight
respectively. 

Effect of CP concentration and time

The optimal concentration of pesticide at which the maximum percentage of adsorption and
photocatalysis takes place were studied (Majhi et al. 2018). Two batches of chlorpyrifos solution were
prepared with varying concentration from 200-5000 ppb and adjusted to same pH, added with same
catalyst dosage, and after initial absorbance value of the samples, one batch was kept at room
temperature and other batch in sunlight (Karthik et al. 2020b). The samples from batches of adsorption
and photocatalysis were drawn periodically and checked for its optical density spectrophotometrically
with a period of 15 minutes interval and continued until the OD attains a constant value (Khairnar   and
Shrivastava 2019). 

Effect of pH

The optimal pH at which the highest level of photocatalysis takes place was calculated by varying the pH
between the range of 3-11. Other parameters such as time, dose of photocatalyst, concentration of the
pesticide were kept constant for all the samples of the batch (Singh et al. 2011).

Effect of photocatalyst dosage

The maximum photocatalyst dosage that corresponds to the higher activity was estimated by taking a
range of photocatalyst dosage between 2.5 – 25 mg/ml and keeping other parameters such as pH, time
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and pesticide concentration constant (Zangiabadi et al. 2019).

The removal of CP was calculated by using the formula

Adsorption e�ciency, D (%) = [(A0 – AT) / A0] × 100

A0 = Initial absorbance value

AT = Absorbance value at time T

Adsorption isotherm

The widely used adsorption isotherms such as Langmuir and Freundlich isotherm was �tted with the
photocatalytic adsorption and the best �t isotherm was investigated using the determination coe�cient
(R2) value.

The linear equation of the Freundlich isotherm was given as,

log Qe = log KF + (1/n) log Ce                                     

Thus the plot between log Qe and log Ce gives a straight line with slope 1/n and y-intercept log KF where
Qe – equilibrium concentration of the pesticide adsorbed per unit adsorbent mass (mg/g), Ce –
Concentration of the pesticide (mg/L), KF and 1/n are adsorption constants that corresponds to the
capacity and intensity of the system.

The linear equation of the Langmuir II isotherm was given by,

1/Qe = 1/ (KL.Qm) . 1/Ce + 1/Qm 

Thus, a plot between 1/Qe versus 1/Ce gives a straight line with slope of (1/KL.Qm) and y-intercept value
(1/Qm).

Where Qe – concentration of the pesticide adsorbed at equilibrium condition (mg/g), Ce - concentration of
the pesticide adsorbed (mg/L) and KL, Qm are the adsorption constants.

Results And Discussion
UV-vis spectroscopy analysis

The GO and rGO-AgNP was con�rmed by UV-vis spectroscopy (Fig.1). The UV-vis spectra of GO shows
characteristic peak at 230 nm and a small shoulder peak 300 nm correspond to the л-л* transition from
aromatic C=C bonds and the n-л* transition of C O bonds, respectively (Wazir and Kundi 2016). The rGo-
Ag spectrum shows characteristics peak of both rGO as well as Ag (Fig.1).  The peaks at 270 and 410 nm
con�rms the co-reduction of GO to rGO and AgNO3 to AgNPs by Curcubita maxima leaf extract
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simultaneously. The peak at 270 nm is a result of bathochromic shift (red shift) in the peak from 230 nm
after reduction of GO to rGO and also restoration of sp2 carbon network in the structure. The absorption
peak at 410 is attributed to the characteristic of the surface plasmon resonance of AgNPs, indicating the
presence of AgNPs in the synthesized product (Andrijanto et al. 2016; Zhu et al. 2021). This result clearly
indicated that rGO and Ag is synergistically produced by the co-reduction of GO to rGO and AgNO3 to
AgNPs by Curcubita maxima leaf extract (Zhang et al. 2017; Gurunathan  et al. 2015; Chettri et al. 2017).

Fourier transform infrared spectroscopy (FTIR) analysis

Fig. 2 depicts the FTIR spectrum of GO and rGO-Ag nanocomposite respectively. The peaks at 1629 and
3398 cm–1 correspond to the stretching vibrations of C=C and hydroxyl groups. The bands at 1714 cm−1

and 1050 cm-1 region is due to the C=O stretching vibrations of a carbonyl group and C-O stretching
vibrations respectively. These peaks indicate the presence of various oxygen functional groups bonded to
GO. After the co-reduction of GO and AgNO3, the formation of rGO-AgNp composite leads to changes in

the absorption features of the FTIR spectrum.  The intensity of the peaks near 1714 and 1050 cm-1 in the
spectrum got reduced when compared to GO indicates the reduction of GO to RGO by leaf extract.
Besides, the peak at 1629 cm-1 assigned to the C=C group is retained as such clearly indicates the
restoration of graphitic framework of GO. The bands at 2924, 2856, 1629, 1377, 601 cm−1 indicates the
presence of capping agents present with the nanoparticles. Bands at 2924 and 2856 region arising from
C-H stretching of aromatic compound were observed. In addition, the absorption bands at 3421 and 1383
cm-1 clearly con�rms the presence and coating of silver nanoparticles on the rGO surface (Zhang et al.
2017; Shao et al. 2015; Sun et al. 2015; Kavinkumar et al. 2017). 

Scanning electron microscopy (SEM) analysis

The morphological features of the synthesized composite was characterized by scanning electron
microscopy analysis. The following �gures 3 (a) and 3 (b) of the phyto-synthesized composite are the
corresponding images taken at probe distance of 200 μm and 10 μm respectively.

Fig 3 (a) shows the spherical structure of the smaller composite particle with the stacking and also the
agglomeration of elongated larger particles at higher concentration and Fig 3 (b) depicts the deposition
of the silver nanoparticles over the stacks of rGO, con�rms the formation of nanocomposite with
successful simultaneous green reduction of Ag+ and GO by the Curcubita maxima leaf extract (Zhang et
al. 2017; Kavinkumar et al. 2017; Moghayedi et al. 2020; Zhou et al. 2019).

Energy dispersive x-ray spectroscopy analysis

The characteristic diffraction peak of dried and powdered GO upon XRD analysis at 11.4° with an
interlayer spacing of 7.93 Å (Moosa et al. 2021). Peak at 28.64° corresponds to the residual graphite
traces present in the sample and peak at 63.48° represents the traces of Cl, from the subsequent wash
cycle carried out to the GO using HCl. The successful reduction of GO to rGO was con�rmed by the
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characteristic peak at 28.90° indicating the effective reduction potential by the leaf extract of Curcubia
maxima. The peaks at the 38.52°, 46.5°, 54.9°, 64.48° and 77.80°  designated to  the (111), (200), (220),
(311) planes con�rms the face centered cubic crystallinity of the silver nanoparticles (Karthik et al. 2020b;
Ansari et al. 2018). The peaks at 32.64° and 57.92° are re�ected due to the organic molecules present in
the reductant source (Al Aboody 2019; Vijayan et al. 2019). 

Antimicrobial studies 

Antimicrobial activity of the synthesized composite was tested against standard antibiotic through zone
inhibition assay and the zone of inhibition was calculated. Escherichia coli (gram- negative), Bacillus
subtilis (gram-positive) and Saccharomyces cerevisiae (yeast) are tested against the composite and
found to possess antimicrobial activity.

Table 1: Antimicrobial activity of the synthesized nanocomposite

19. No
Microbial strain Zone of Inhibition (diameter in mm)

Ampicillin Nanocomposite

1. Escherichia coli 16 ± 0.6 22 ± 0.5

2. Bacillus subtilis 15.5 ± 0.5 21 ± 0.4

3. Saccharomyces cereviseae 16.5 ± 0.5 23 ± 0.5

rGO-AgNP possess stronger inhibition with fungal cell wall as the reactive oxygen species synthesized by
the rGO sheets have capability to interact with the several organic functional groups present in  chitin and
other cellular polysaccharides (Sawangphruk et al. 2012). Treatment with Ag+ ions impacts with the
replicative property of the DNA and inactivate the expression of various cellular, ribosomal proteins,
membrane-bound   and different other enzymes involved in the ATP production cycles (Kim et al. 2012).
As reported by Paredes et al. 2014, gram-positive E. coli strains have higher a�nity towards silver
nanoparticles due to the layer of lipopolysaccharide with negatively charged teichoic acid and
peptidoglycan layers which attracts more positively charged silver ions and thus with higher diameter of
zone of inhibition (ZOI) than the gram negative B. subtilis strain with comparatively lesser ZOI diameter
(Paredes et al. 2014). The silver ion interaction with phosphor and sulfur containing groups of the plasma
membrane increases its susceptibility and thereby the leakage of the cellular contents (Patil  and Kim
2017). rGO-AgNP composite gets conjugated with the cellular membrane, interfere with the signaling
pathways for cellular growth and also reduced cell viability, division and increased  DNA leakage and
consequent death (Bai et al. 2016).

Adsorption and photocatalysis studies:

Effect of time 
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The degradation e�ciency of synthesized rGO-AgNP composite was investigated by varying the
chlorpyrifos (CP) concentration under adsorption (dark reaction) and photocatalytic (sunlight)
environment. The results indicates the maximum degradation rate of 51 % and 76 % is observed at 105
min in both adsorption and photocatalytic condition respectively. The trend of the graphs are represented
in �g 5. The CP did not undergo e�cient degradation under normal adsorption process when compared
to photocatalytic irradiation. At initial stage the comparative analysis between adsorption and
photocatalysis, shows that the degradation e�ciency differs almost by 50 % in case of photocatalysis
than adsorption. This may be because of the fact that in the presence of visible light, CP degradation was
observed to take place with both the in�uence of catalyst and irradiation energy source. Photocatalysis
activates the metal-based photocatalyst by using the energy source from the visible light and promotes
advanced oxidation-reduction reactions and charge separation e�ciency on the catalyst surface
considerably (Bhunia and Jana 2014, da Silva et al. 2021). 

A two-step mechanism of removal is proposed with the rGO-AgNP composite for the degradation of
halogenated pesticides. The reactive silver present in the rGO-AgNP composite interface reacts with the
halogen group of the CP and initiates the degradative pathway followed by the next step of adsorption of
the degraded aromatic fragments to the rGO in the composite through stronger π –π electron interaction
and weaker hydrogen and van der Waals bonds (Koushik et al. 2016).

Increase in the irradiation time upto 105 min lead to the increase in the degradation e�ciency  and after
which unaltered values of degradation e�ciency was observed due to no further degrading radical
production. This could also be due to the agglomeration and adsorption of the degraded products to the
surface of the photocatalyst and hence 105 min is the optimized time for chlorpyrifos degradation
through rGO-AgNP composite synthesized using Cucurbita maxima (Nekooie ey al. 2021; Khairnar and
Shrivastava 2019).

Effect of initial pesticide concentration

The effect of initial concentration of the pesticide with the adsorption and photocatalytic degradation
was studied by varying concentration in the range of 200-5000 ppb. It is evident that the percentage of
the degradation is higher with photocatalysis than with adsorption (Fig. 5). The concentration of 1 ppm
has higher percentage of comparative degradation, 75.5 % degradation in photocatalysis and 49.48 %
degradation in adsorption was observed. Initially the increase in the percentage of degradation was
found until optimal level as the active electron-hole pair species produced by the sunlight illumination
was su�cient for degradation. As the pesticide concentration increases to higher than optimal level, the
illuminated photocatalyst does not able to produce su�cient OH- radical and positive hole active species
that accounts for the degradation and hence the reduced level of degradation was reported (Zangiabadi
 et al. 2019; Soltani et al. 2020; Khan et al. 2018; Kgoetlana et al. 2020).

Effect of pH
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The CP solution with pH range of 3-11 with optimized time and pesticide concentration was observed
with the following results in Fig 6. 

The observed results showed that at pH 7 highest percentage of the degradation of the pesticide takes
place, followed by pH 5 and 3 as observed with pH 9 and 11 comparatively (Soltani-nehad et al. 2019). At
acidic pH, the photocatalyst tends to disassemble as Ag+ ions dissolutes to move from the rGO interface
hence with reduced activity whereas at alkaline pH the degradation of pesticide reduction shall be due to
the reduced activity of the OH˙ radical due to its interaction with OH- and forms water and O- ion (Nekooie
  et al. 2021; Zangiabadi  et al. 2019; Majhi  et al. 2018). 

Effect of photocatalyst dosage

For investigating of the effect of the photocatalyst loading, at �xed pH and CP concentration of different
load of photocatalyst from 0.25 to 2.5 mg/ml were tested and the following result was obtained.

10 mg /10 ml i.e. 1 mg/ml of the photocatalyst dosage has been found to be optimal level of the
adsorbent concentration and beyond which the degradation percentage has tend to decrease gradually.
Initially the increase in photocatalyst dose increases the active catalytic centres and activity until optimal
level after which photocatalyst aggregation and increased interference with light scattering and improved
opacity as well (Nekooie et al. 2021; Soltani et al. 2020).

Adsorption isotherm

The Chlorpyrifos adsorption by the rGO-AgNP composite was checked for �tting into the Langmuir and
Freundlich isotherms (Karthik et al. 2020b; Khairnar and Shrivastava 2019; Soltani et al. 2020; Kgoetlana
et al. 2020).  

Langmuir isotherm

The adsorption isotherms were studied by calculating the amount of the pesticide adsorbed per unit
mass of nanocomposite adsorbent (qe) and the equilibrium concentration of the pesticide present in the
solution (Ce). From the results calculated from Ce Vs qe derivatives, it is found that the Langmuir II
isotherm �ts best to the experimental data. The characteristic linear equation of the Langmuir isotherm is
as follows:

1/qe = 1/(KLqm)  1/Ce + 1/qm  

Where KL is the Langmuir constant (g/L) and qm is the maximum adsorption capacity of pesticide by the
nanocomposite (mg/g). From the plot between 1/Ce vs 1/qe , (Fig 1) the Langmuir constants of the
experiment are reported as follows.

The Langmuir adsorption characteristic linear equation is y = 321.8x + 0.2554 and regression coe�cient
R2 is 0.994, which is approximately more closer to linear form and the Langmuir adsorption parameters
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are found as the monolayer composite’s maximal adsorption qm is 3.92 mg/g and the Langmuir

equilibrium constant KL as 7 X 10-4 (g/L) . 

Seperation factor (RL):

RL is a dimensionless constant that has signi�cant role in understanding the Langmuir isotherm. The
Langmuir separation factor characteristic equation is 

RL = 1/ (1+KL CO)

Where RL is the separation constant (no unit), KL is the Langmuir constant (g/L) and Co is the initial
pesticide concentration (mg/L). The separation factor calculation for the experiment with optimized
nanocomposite amount and pH at varying concentration of pesticides follows the trend in Fig 9. The
range of RL values lies between 0.22 - 0.88 which indicates the favorable adsorption of pesticide upon the
rGO-AgNP.

Freundlich Isotherm

Freundlich isotherm is another linear isotherm which considers the logarithmic values of the
concentration of the pesticide in the solution at equilibrium (Ce) and the amount of pesticide adsorbed to
the surface of the adsorbent (Qe). From Freundlich characteristic equation, qe =KF Ce

1/n 
 and its linear

logarithmic value equation,  log qe = 1/n log Ce + log KF , the Freundlich isotherm parameters can be
calculated. Where Ce = equilibrium concentration of the pesticide (mg / L), qe = pesticide amount
adsorbed per unit mass of the nanocomposite adsorbent (mg / g), KF and 1/n are the adsorption
isotherm related constants that corresponds to the capacity and intensity of adsorption. log Ce vs. Log
Qe plot gives Freundlich isotherm equation and the regression coe�cient R2 is found to be 0.959. The
Freundlich isotherm constants KF is 2.88 mg/g of pesticide adsorbed per unit of nanocomposite and n is
1.42, greater than 1, that con�rms the stronger interaction between adsorbent and adsorbate (Karthik et
al. 2020b). 

Table: Adsorption kinetics parameters
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Isotherm Parameter Value

 

Langmuir Isotherm

Qm (mg/g) 3.92

KL (g/L) 7X10-4

R2 0.994

 

Freundlich Isotherm

KF (mg/g) 2.88

n (L/mg) 1.42

R2 0.959

Conclusion
The rGO-AgNP was synthesized in one-pot through phytosynthesis from leaf extract of curcubita maxima
was con�rmed primarily by UV-vis spectroscopy and the arrangement of the composite was found to be
stacked rGO within which spherical silver was incorporated as con�rmed by SEM analysis. FTIR shows
the interactive bonds between phytoreductant and composite. XRD data gives information on the planar
lattice information. The composite is found to possess anti-microbial activity against gram-positive strain
B. subtilis, gram-negative bacterial strain E. coli and fungal strain S. cerevisiae. The rGO-AgNC activity of
photocatalysis was optimized with the adsorbent dosage, pH, time and pesticide concentration
separately. The photocatalysis was found to be with nearly ideal �t to Langmuir isotherm than freundlich
isotherm. This needs to be investigated further for other different improvisations to completely degrade
the harmful organophosphate pesticide from the biological ecosystem and its food chain accumulation.
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Figures

Figure 1

UV-vis spectra of GO and rGo-AgNP
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Figure 2

FTIR spectra of GO and rGo-AgNP
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Figure 3

Morphology of rGo-AgNP by SEM analysis
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Figure 4

XRD of GO and rGo-AgNP 
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Figure 5

(a) Adsorption and (b) Photocatalytic degradation of chlorpyrifos by rGO-AgNP nanocomposite
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Figure 6

Effect of pH photocatalytic degradation of chlorpyrifos by rGO-AgNP nanocomposite
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Figure 7

Effect of photocatalyst dosage on photocatalytic degradation of chlorpyrifos by rGO-AgNP
nanocomposite
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Figure 8

Langmuir Isotherm
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Figure 9

 Langmuir Isotherm
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Figure 10

Freundlich Isotherm


