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ABSTRACT 

Effective removal of organic pollutants from aqueous environment by using nanoparticles has become a hot research in 
recent years. Herein, LaNiMnO6 perovskite (Prv) nanoparticles were synthesized by reverse micro-emulsion method and 
fabricated on carboxymethyl cellulose (CMC) microspheres to enhance their adsorption activity against 
organophosphate pesticide, monocrotophos (MCP). The structural, optical and morphological properties of LaNiMnO6 
perovskite nanoparticles were studied by using Scanning Electron Microscopy (SEM), Energy Dispersive X-Ray 
Spectroscopy (EDX) while Fourier Transform Infrared Spectroscopy (FT-IR) have been used to study the involvement of 
functional groups during MCP adsorption. The influence of various factors including pH (3.0-12.0), contact time (30-420 
min), temperature (20-40 °C), initial MCP concentration (20-140 mg L-1) and dosage (0.4-2.0 g L-1) affecting the 
adsorption efficiency were also investigated. Adsorption efficiency of CMCPrv and Prv against MCP was found to be 88.3 
% and 76.1 % respectively in batch studies. The mechanism of MCP adsorption onto adsorbents was studied using 
various equilibrium and kinetic models. CMCPrv exhibited a good stability over repeated cycles of pesticide adsorption, 
which probe the applicability of adsorbent in the treatment of wastewater. The exceptional structural features of 
LaNiMnO6 perovskite nanoparticles and functional groups of CMC allowed achieving the maximum adsorption of 
pesticide. 
Key words: Adsorption, Carboxymethyl cellulose, Monocrotophos, LaNiMnO6 Perovskite nanoparticles, Regeneration 
studies. 
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INTRODUCTION 
Extensive use of pesticides to protect crops has been reported to result in the significant transfer of these 
compounds into the atmosphere and their transmission into freshwater as well as bottled drinking 
mineral water [1]. Monocrotophos (MCP, CAS number 6923-22-4), one of the highest consumed 
pesticides in India identified as endocrine disrupting agent that disrupts the endocrine functions such as 
growth, development and reproduction in animals whose residues are commonly found in not only in 
vegetables and fruits but more alarmingly in human breast milk [1,2]. MCP has been reported to affect 
non-target organisms including human beings, bees, birds and fishes [3,4]. Cases of human poisoning are 
characterized by profuse perspiration, muscular weakness, blurred vision, confusion, vomiting, pain and 
small pupils. The risk of death due to respiratory failure was also well documented [5]. The prolong use of 
MCP has found its way into the waterways and recent reports have highlighted the existence of MCP with 
concentration of 4 µg/L in rain water [6,7]. 
Effective techniques for the remediation of toxic organic compounds from aqueous environment have 
drawn significant interest. Adsorption by solid materials shows potential as one of the most efficient 
methods for the treatment and removal of pollutants in the treatment of industrial wastewater [8]. 
Double perovskites oxide nanoparticles (Prv) with general formula A2B′B″O6 have emerged as an 
important class of nanomaterials in the elimination of various organic and inorganic environmental 
pollutants due to their nano size, high surface area, stable electronic structure, ionic conductivity, 
thermal, optical and catalytic properties [9-14].  
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Carboxymethyl cellulose (CMC) is an ionic polysaccharide, rich in polar carboxyl groups. CMC is regarded 
to be cheap, abundant, chemical reactivity, biodegradability and strongly chelating properties made CMC 
as attractive starting material for the remediation of various organic pollutants [15,16].  
The present study is the first attempt to investigate the efficiency of perovskite nanoparticles (Prv) 
fabricated on CMC for removal of MCP from aqueous environment.  
 
MATERIALS AND METHODS 
Materials  
Monocrotophos (MCP, purity 99.9 %), carboxymethyl cellulose (CMC) and 1-butanol were purchased 
from Sigma Aldrich Chemicals Co. (USA). Cetyl trimethyl ammonium bromide (CTAB), cyclohexane, 
lanthanum chloride hexahydrate (LaCl3.6H2O), nickel nitrate (Ni(NO3)2), manganese nitrate (Mn(NO3)2) 
and acetonitrile were purchased from Sisco Research Laboratories, India.  
Synthesis and characterization of adsorbents 
The synthesis and characterization of LaNiMnO6 perovskite (Prv) nanoparticles and Prv nanoparticles 
fabricated on carboxymethyl cellulose (CMCPrv) have been reported in our earlier study [17]. 
Adsorption studies 
Adsorption experiments were conducted in a batch mode under dark conditions using mechanical shaker. 
The MCP solutions with initial concentration from 20 to 140 mg L-1 were agitated with 100 mg of the 
adsorbent. During the adsorption, 5 mL of the sample was collected every 15 min and centrifuged and the 
residual concentration of MCP was determined by high performance liquid chromatography (HPLC, 
Perkin Elmer 200 Series) at 232 nm. The influence of operating parameters viz., pH (3.0-12.0), contact 
time (30-420 min), initial MCP concentration (20-140 mg L-1), temperature (20-50 °C) and dosage (0.4-
2.0 g L-1) were studied. All determinations performed in triplicates and results are reported as average. 
The amount of MCP adsorbed on the adsorbent at a given time, t (min) as calculated from the following 
equation: 

      100% 0 
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where C0 is the initial concentration of MCP and Ct is the concentration of MCP at time ‘t’ (min). 
Equilibrium, kinetic and thermodynamic studies 
The equilibrium data of adsorption was analysed using adsorption isotherm models with two parameter 
equations- Langmuir, Freundlich and Dubinin-Radushkevich (D-R). Pseudo-first order, pseudo-second 
order, intra-particle diffusion model and Boyd plot have been used for modelling the kinetic data for 
adsorption of MCP onto adsorbents. The standard free energy (ΔG°), enthalpy (ΔH°) and entropy (ΔS°), 
for the adsorption process were obtained from the experiments carried out at different temperatures 
using the standard equations. 
Spectroscopic analysis 
FT-IR spectra of adsorbents before and after MCP adsorption were recorded on a Jasco FT-IR 4100 
spectrophotometer. The changes in surface morphology and the surface elemental composition of 
adsorbents before and after adsorption of MCP were studied by SEM (Stereo Scan LEO, Model-400) 
equipped with EDX Microanalysis System (Thermo Electron Corporation, Japan) attached to SEM. 
 
RESULTS AND DISCUSSION 
Effect of parameters on adsorption of MCP 
The initial solution pH exhibits profound influence on the ionisation of adsorbents and dissociation of 
pesticides. The effect of initial pH on the adsorption of MCP was studied in the range of 3.0 to 12.0. As 
shown in Fig. 1(a), maximum adsorption of MCP as observed at pH 6.0 for both CMCPrv and Prv. This 
could be attributed to the fact that at pH values more than 4.4, MCP is negatively charged which results in 
higher adsorption by the positively charged CMCPrv (pHPZC - 6.2) and Prv (pHPZC – 7.1). The mutual 
repulsion between adsorbents and MCP ions decreased the adsorption above pH 7.0 [18]. The influence of 
contact time on percentage removal of MCP was examined in the range of 30 min to 420 min as shown in 
Fig. 1(b). The adsorption efficiency of Prv and CMCPrv increased from 21.2 % and 44.8 %, to 55.4 % and 
66.7 % when the contact time increased from 30 min to 180 min and 90 min respectively. Higher 
availability of active adsorption sites on CMCPrv and Prv resulted in the rapid removal at the beginning of 
adsorption process whereas, no improvement was observed after180 min of contact time due to the 
saturation of active sites on the surface of the CMCPrv and Prv [19]. The effect of temperature on the 
adsorption of MCP, shown in Fig. 1(c), exhibited the maximum adsorption at 30 °C for both CMCPrv and 
Prv du to the increased solubility of pesticides [20]. The effect of initial MCP concentration on the 
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adsorption is presented in Fig. 1(d). An increase in the removal was noted with the increase in the initial 
MCP concentration up to 120 mg L-1 for CMCPrv and 60 mg L-1 for Prv. The competitiveness between the 
MCP molecules may be attributed for the lower adsorption in the later stages [21]. The dependence of 
MCP removal on the dosage of CMCPrv and Prv was studied by varying the adsorbent dosage from 0.4 mg 
L-1 to 2 mg L-1 while maintaining remaining optimum parameters. As shown in Fig. 1(e), the percentage of 
adsorption was increased evidently with the increase in adsorbent dosage from 0.4 mg L-1 to 0.8 mg L-1 

for CMCPrv and 1.2 mg L-1 for Prv could be explained on the basis of availability of higher number active 
sites [22]. Therefore, maximum removal of MCP by CMCPrv and Prv was found to be 88.3 % and 76.1 % 
respectively under optimized conditions. 
Equilibrium, kinetic and thermodynamic studies 
Table 1 represents isotherm and kinetic constants, correlation coefficient values (R2) and error values 
(SSE, SE, RMSE and APE). Among the two parameter isotherms used, Freundlich isotherm was found to 
exhibit the best fit with the low error (APE) values and high correlation (R2) values which suggested a 
heterogenous mode of adsorption of MCP onto Prv and CMCPrv [22]. The uptake value was noted to be 
higher in case of CMCPrv compared to Prv with higher KF values. The experimental data of the present 
study also suggested Langmuir and D-R model showed a poor fit with high APE values and low R2 values 
(Fig. 2a).  
Of the various kinetic models tested, pseudo-first order showed the best fit as compared to pseudo 
second order with high R2 values and low APE values [23]. The suitability of pseudo-first order further 
suggested the involvement of physical forces in the adsorption of MCP (Fig. 2b). The kinetic data was 
further analysed by intra-particle diffusion and Boyd plot to check whether the adsorption proceeds via 
film diffusion or intraparticle diffusion mechanism. As shown in Fig. 1 (c-d), the plots were linear but nor 
passed through the origin which clearly suggested the both intra-particle and film diffusion played a 
significant role in the adsorption of MCP on to adsorbents. 
The thermodynamic parameters, the standard Gibbs energy change, ∆G°, the standard enthalpy change, 
∆H° and the standard entropy change, ∆S°, were calculated using the experimental data obtained at 
various temperatures and tabulated (Table 2). The negative values of ∆G° at various temperatures 
indicated the spontaneous nature of the MCP adsorption from aqueous solutions by both the adsorbents. 
The positive values of ∆H° reflected the endothermic nature of the adsorption. The positive values of ∆S° 
suggested an increased randomness at the solid/liquid interface during the MCP adsorption on the 
CMCPrv and Prv. 
Spectroscopic studies 
Fig. 3 displays the FT-IR spectra of Prv and CMCPrv before and after adsorption of MCP. The stretches at 
3344.57 cm-1 suggested the role of primary amines in the adsorption of MCP by CMCPrv (Fig. 3d). The 
peaks at 2920.23 cm-1, 2852.72 cm-1 and 524.64 cm-1 in case of CMCPrv corresponds to the stretching and 
bending vibrations of C=O and H-O-C=O  which revealed involvement of carboxylic acids in the adsorption 
of MCP molecules (Fig. 3d). The presence of -P-O phosphate groups (1085.21 cm-1 and 1053.13 cm-1) in 
both Prv and CMCPrv spectrum confirmed the adsorption of MCP molecules (Fig. 3c-d). Maximum 
transmittance was noted in case of CMCPrv which suggested their major involvement in the adsorption 
process. 
The morphological changes on the surface of CMCPrv before and after adsorption of MCP were studied by 
using scanning electron microscope (Fig. 4). A uniform distribution of perovskite nanoparticles on the 
surface of CMCPrv improved the surface roughness which further contributed in high adsorption of MCP 
molecules.  
EDX studies were performed for identification of major elements present in the CMCPrv before and after 
adsorption. As shown in Fig 5a, Carbon (C), Nickel (Ni), Lanthanum (La) and Manganese (Mn) ions were 
the predominant metal species present on the surface of CMCPrv. The presence of P peak after the 
adsorption of MCP confirmed the adsorption of MCP onto CMCPrv (Fig. 5b). Moreover, a significant 
decrease in C peak suggested the involvement of C containing functional groups of CMC in adsorption of 
MCP which further favoured the maximum MCP adsorption. 
Regeneration studies 
Recyclability and stability of adsorbent is a key feature for analyzing their potential applicability for 
industrial applications and for the development of efficient adsorbent for waste water treatment. To 
determine the reusability of the CMCPrv adsorbent, experiments were repeated up to six cycles. After 
every reaction the CMCPrv was separated by centrifugation, washed and dried at 70 °C and then reused 
without any further treatment. The same procedure was employed for all the successive cycles. As shown 
in Fig. 6, it was observed that the removal efficiency of CMCPrv adsorbent remained almost constant for 
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the first three cycles whereas, a decrease in percentage adsorption was noticed for successive cycles 
which could be due to the loss of active sites. 
 

 
Fig. 1 Effect of parameters on adsorption of MCP by Prv and CMCPrv. (a) pH (b) contact time (c) 

temperature (d) initial MCP concentration and (e) dosage 
 

 
Fig. 2. (a) Freundlich isotherm (b) Pseudo-first order (c) Intraparticle diffusion and (d) Boyd plot of MCP 

adsorption onto Prv and CMCPrv. 
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Fig. 3. FT-IR spectra of Prv and CMCPrv before (a, b) and after (c, d) MCP adsorption 

 

 
Fig. 4. Surface morphology of CMCPrv (a) before and (b) after MCP adsorption 

 

 
Fig. 5. EDX spectra of CMCPrv (a) before and (b) after MCP adsorption 
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Fig. 6. MCP adsorption as a function of the number of cycles for CMCPrv  

 
Table 1 Equilibrium isotherm and kinetic model parameters for MCP adsorption 

Models Parameters Prv CMCPrv 
Langmuir qm (mg g-1) 83.3 125.0 
 KL (L mg-1) 0.020 0.009 
 R2 1.00 0.99 
 APE (%) 31.04 21.57 
Freundlich n 1.69 1.17 
 KF (mg g-1) 4.65 1.72 
 R2 0.99 0.98 
 APE (%) 28.2 4.74 
D-R qm (mg g-1) 84.9 121.5 
 E (KJ mol-1) 0.22 0.15 
 β (mol2 J-2) 1*10-5 2*10-5 
 R2 0.98 0.96 
 APE (%) 28.81 10.1 
Pseudo first order qe 81.09 125.8 

K1 (min-1) 0.009 0.02 
R2 0.99 1.00 
APE (%) 2.18 3.79 

Pseudo second order qe 83.3 111.1 
K2 (g mg-1 min-1) 5*10-4 1*10-3 
R2 0.98 0.99 
APE (%) 27.6 18.6 

Intra-particle diffusion V 7.15 14.9 
C 21.3 25.4 
R2 0.98 0.99 
APE (%) 4.73 1.52 

    
 

Table 3 Thermodynamic parameters of MCP adsorption 
Adsorbent Temperature (K) ∆H° (KJ mol-1) ∆S° (KJ mol-1 K-1) ∆G° (KJ mol-1) 
Prv 283 +17.5 +0.06 +0.59 

293 -0.01 
303 -0.61 

CMCPrv 283 +21.9 +0.08 -0.74 
293 -1.54 
303 -2.34 

 
CONCLUSION 
The adsorptive removal of MCP using LaNiMnO6 perovskite nanoparticles (Prv) has been investigated. A 
significant increase in removal was noted when Prv nanoparticles fabricated on carboxymethyl cellulose 
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(CMCPrv). The most efficient equation for describing the isotherms was Freundlich model exhibiting the 
heterogenous mode of MCP adsorption by both Prv and CMCPrv which was confirmed by SEM analysis. 
Kinetic studies on adsorption of MCP on adsorbents revealed that pseudo first order model showed the 
best fit to the experimental data and intra-particle, and film diffusion were involved in the adsorption 
process. FT-IR analysis suggested that carbonyl (C=O) and carboxyl (-COOH) groups are mainly involved 
in MCP uptake by Prv and CMCPrv. Application of CMCPrv could serve as an effective remediation tool for 
the treatment of wastewater containing MCP. 
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