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Abstract 
 

       Plant mediated Cr2O3 (GCO) nanoparticles (85.72nm) were 

synthesized at room temperature using ethanolic leaves’ extract 

of Calotropis gigentea. The nanoparticles obtained were 

characterized using FTIR, SEM/ EDX, AFM and powder XRD 

to get insight into morphology, particle size and phase. The 

synthesized GCO were checked for their efficacy towards the 

removal of Endocrine Disrupting Chemicals (EDC i.e. an azo 

dye, pyrethroid insecticide, phthalate) and pathogenic bacteria 

(Staphylococcus aureus). The results showed high adsorption 

capacities (296.11, 87.92 and 231.3 mg g-1) for the three 

contaminants i.e. Direct Yellow 24, Bifenthrin and Dioctyl 

phthalate, respectively in just 15-20min at room temperature. 

GCO also showed good bacteriostatic activity and is able to 

remove 80.9% of the microbes in simulated water samples. 

Hence, it can be safely concluded that the prepared GCO is a 

good material for effective treatment of multi-natured organic 

contaminants as well as microbes without requiring any 

stringent experimental conditions. 
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Introduction 
 

       Provision of clean and quality water to carry out the 

necessary human needs is the major issue faced globally and 

posing major challenges to water treatment technologies. 

Validity of conventional water treatment technologies in 

removing trace contaminants by use of energy effective and less 

hazardous chemicals has always remained questionable. Recent 

advances hence focus on exploitation of nanomaterials’ size 

dependent properties to overcome the demerits of water 

treatment technologies (Mauter et al. 2018; Qu et al. 2013) and 

use these materials to develop next-generation water supply 

systems to treat surface, rivers, canal, ocean, groundwater and 

industrial wastewater contaminated by toxic metal ions, 

radionuclide’s, organic and inorganic solutes, pesticides, 

bacteria and viruses (Mauter et al. 2018; Savage and Diallo 

2005). Metal oxide nanoparticles (NPs) having high reduction 

efficacy makes them suitable material for wastewater treatment 
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application. Chromium oxides, having broad industrial applications, 

exists in various forms and among these Cr2O3 is stable one 

(Khojier et al. 2013) which shows superior properties due to 

large band gap (~3.4 eV) and p-type semiconducting character 

(Kohli et al. 2012). These properties enable semiconducting 

metal oxide NPs to have better catalytic degradation potential 

for organic pollutants as well as enhanced antibacterial, 

antifungal and related biological activities (Hakim et al. 2009; 

Helan et al. 2016). Several methods have been designed for the 

synthesis of Cr2O3 NPs (Yu et al. 2018) i.e. bio-synthesis 

(Khalil et al. 2017), sol-gel (Balouria et al. 2012; El-Sheikh et 

al. 2009; Kawabata et al. 1995), combustion (Lima et al. 2006), 

hydrothermal (Pei et al. 2009), chemical vapor deposition 

(Chevalier et al. 2000), thermal decomposition (Li et al. 2006) 

or either by use of EDTA as a chelating agent (Aghaie-Khafri 

and Lafdani 2012). Among these methods green synthesis has 

acquired particular attention due to its inherent advantages such 

as eco-friendly and nontoxic nature, cost effectiveness, 

simplicity, and easy recoverability (Ramesh et al. 2012). 

Henceforth, the current research is aimed towards synthesis of 

Cr2O3 NPs through plant mediated synthesis using ethanolic 

plant extracts of Calotropis gigentea leaves and utilizing these 

prepared NPs for the effective treatment of multiple 

contaminants i.e. microbial and endocrine disrupting chemicals. 

 

Experimental Details 
 

       CrCl3.6H2O and Ethanol were procured from BDH 

Laboratory Supplies Poole, BH15 LTD, England, while Direct 

Yellow 24 dye was obtained from local industry. The leaves of 

C. gigentea were collected from the suburbs of city. pH of 

solutions was adjusted with 0.1 N solutions of hydrochloric acid 

(Sigma-Aldrich) and sodium hydroxide (Sigma-Aldrich). 

Technical grade Bifenthrin (91%) was provided by local 

pesticide manufacturing company with established traceability 

to Bifenthrin (99%) certified reference material provided by 

VWR. 

 

Synthesis of Chromium Oxide Nanoparticles 

Preparation of Ethanolic Plant Extract 

 

       C. gigentea plant leaves were washed several times with 

tap water followed by distilled water wash to remove dust 

particles. Afterwards, leaves were dried under shade and hand 

crushed. The extract was prepared by dipping 300 g of these 

leaves in 3L ethanol. The mixture was left in closed jar for 2 

days at room temperature with occasional shaking. The extract 

was filtered using Whatman No.1 filter paper and the filtrate 

was kept in refrigerator at 4⁰ C till further use. 

 

Synthesis of Chromium oxide (Cr2O3) NPs 

 

       0.5M ethanolic solution of CrCl3.6H2O (100ml) was added 

in ethanolic plant extract (900ml) of C. gigentea and the 

contents were sonicated at room temperature for 24h. The 

UV/Vis spectrum was scanned for the wavelength range of 200 

to 800nm at different time intervals ranging from 0-24h by 

withdrawing 4.5ml sample every time to confirm the formation 

of nanoparticles. After completion of reaction ethanol extract 

was rotary evaporated at 70⁰ C until a thick viscous material is 

attained followed by its sintering at 600⁰ C for 5h to result in 

light green powder which was characterized by using different 

techniques. The flow sheet for the synthesis of GCO is given in 

Figure 1. 

 

 
 

Figure 1: (a) Flow sheet for the ultrasonic assisted green synthesis of GCO NPs and (b) Bacterial cell calculation protocol and reduction 

in cells with contact time Characterization 

 

       GCO NPs were characterized for their surface morphological, 

physical and chemical properties by UV-Visible Spectroscopy 

[DB-20S], Fourier-Transform Infrared Spectroscopy (FT-IR) 

[Tensor-27], Energy Dispersive X-ray Spectroscopy (EDX), 

scanning electron microscopy (SEM) [S3700N, Hitachi, Japan], 

atomic force microscopy [AFM 5500 Agilent, USA] and X-ray 

Diffraction (XRD) analysis [PANalytical] using standard 

procedures. 

  

Catalytic activity of GCO nanoparticles 

 

       Catalytic activity of the prepared GCO nanoparticles was 

assessed using three potential endocrine disrupting chemicals 
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(ECD) i.e. Azo dye (Direct Yellow 24, DY), Phthalate (Dioctyl 

phthalate, DOP) and pyrethroid insecticide (Bifenthrin, BF) by 

employing batch experiments. The adsorption efficacy was 

measured using Eq. 1: 

 

𝑞𝑒,𝑒𝑥𝑝 =  
𝐶𝑓 (𝑚𝑔 𝐿−1)

𝑊 (𝑔)
× 𝑉(𝐿)                     (1)   

    

       Where, Cf is the concentration of adsorbate adsorbed that is 

calculated by subtracting initial concentration of the adsorbate 

(Ci, mg L-1) from the final concentration of adsorbate (Cf, mg L-

1) at time, t (min) while V represents the volume of solution and 

W is weight of the adsorbent. 

 

Preparation of stock and working solutions 

 

DY: 1000 mg L-1 stock solution was prepared in distilled water.  

BF: 100 mg L-1 was prepared by solubilizing the technical grade 

bifenthrin in 5ml acetone and making up the volume with 

distilled water.  

DOP: 1000 mg L-1 was prepared by solubilizing the DOP in 5ml 

acetone and making up the volume with distilled water. 

The respective working solutions are prepared by dilutions of 

the stock solutions. 

 

Direct Yellow 24 Dye (DY) 

 

       Catalytic activity of the GCO NPs was determined by using 

DY as test contaminant. DY (100 -800 mg L-1) with the 

appropriate amount of catalyst (0.01 - 0.15g) was allowed to 

remain in contact for different time intervals (2 – 60 min) at 

variable temperatures (40 - 80ºC) in order to achieve maximum 

adsorption of DY onto nano-adsorbent surface. After desired 

contact time is achieved, the contents of reaction flask were 

Cannula filtered. The progress of reaction is subsequently 

followed at different time intervals using UV–Visible 

spectrophotometer (λmax = 380nm) which clearly showed the 

gradual decrease in intensity of yellow color to almost colorless 

solution.  

 

      Three different variables i.e. contact time (min), temperature 

(K) and concentration of DY (mg L-1) were selected to study 

their effect on the removal of dyes from binary system. Each of 

the factors was optimized by employing graphs whose maxima 

were taken as the optimized values for corresponding factors. 

 

Bifenthrin (BF) 

 

       Considering the harmful effects of pyrethroid insecticides 

even at very minute levels, the efficacy of GCO towards the 

removal of these pesticides was also studied using BF as test 

contaminant. For the purpose working solution of BF (10-200 

mg L-1) was allowed to remain in contact with GCO (0.1g) at 

room temperature for different timings (2 – 80 min) and the 

resulting contents were Cannula filtered. 

 

       BF in filtrate was extracted using liquid-liquid extraction. 

For the purpose filtrate was transferred to separating funnel 

followed by addition of 1ml of 10% NaCl to enhance the 

extraction efficacy. n-Hexane was used as extracting solvent 

and extraction was performed thrice with 10 ml × 1 and 5 ml × 

2. n-Hexane layer was transferred to rotary receiving flask by 

passing it through a layer of anhydrous sodium sulphate. The 

volume was reduced to approx. 1ml and re-constituted to 5ml 

using anhydrous sodium sulphate treated n-hexane. The 

working standards were also extracted by same method and 

analyzed using GC-ECD (Varian CP-3800) equipped with DB-

5 column with 0.1µm internal dia and 30m length. The injector 

and detector temperature were set at 250ºC. The oven 

temperature ramping was set as follows: Initial temperature 

100°C held for 2min; ramp to 200 @ 50°C/min held for 2 min; 

ramp to 230°C @ 5°C/min held for 2 min; ramp to 250°C @ 

50°C/min held for 5 min. 

 

Dioctyl phthalate (DOP) 

 

       To check GCO efficacy towards removal of phthalates, 

DOP working solution (100-400 mg L-1) was allowed to remain 

in contact with GCO (0.1g) at room temperature for different 

timings (2-50 min) and the resulting contents were Cannula 

filtered. Liquid-Liquid extraction was performed to determine 

DOP concentration in filtrate. Dichloromethane was used as 

extracting solvent and extraction was performed thrice with 10 

ml × 1 and 5 ml × 2 (Kanchanamayoon et al. 2012). The solvent 

layer was transferred to rotary receiving flask by passing it 

through a layer of anhydrous sodium sulphate and evaporated 

to dryness at 40ºC. The volume was re-constituted to 5ml using 

sodium sulphate treated n-hexane. The extracted samples and 

standards were analyzed using GC-FID (Agilent 7890B) with 

ALS equipped with HP-5 column with 0.25µm internal dia and 

30m length. The injector and detector temperature were set at 

300ºC. The oven temperature ramping was set as follows: Initial 

temperature 150°C held for 5min then ramp to 280 @ 20°C/min 

held for 5 min. The adsorbed percentage was calculated from 

the GC data by using Eq. 2 and Eq. 1. 

 

𝐶𝑡 =  𝐶𝑠𝑡𝑑 × 
𝐴𝑠

𝐴𝑠𝑡𝑑
×  

𝑉𝑠𝑡𝑑

𝑉𝑠
                (2) 

 

       Where Ct and Cstd are the concentrations of BF in the 

treated sample after time t, min and standard, As and Astd are the 

peak areas of BF in treated and standard samples as obtained 

from GC chromatogram, and Vs. and Vstd are the injected 

volumes of treated sample and standard solution which in this 

case is kept constant (1µL). 

 

       To the adsorption data obtained from experimental studies 

various adsorption, kinetic and thermodynamic models were 

applied (Table 1S). 

 

Antimicrobial activity GCO nanoparticles 

 

       S. aureus was investigated by examining the growth curves 

of bacterial cells in liquid medium amended with green 

synthesized GCO. 2ml S. aureus bacterial agar was added in 2L 

autoclaved distilled water and the colony count was allowed to 
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increase by keeping the spiked water in incubator for 24h. After 

that spiked water sample was kept in refrigerator at 4⁰ C for 

further use. 50ml of this spiked water sample was allowed to 

remain in contact with 0.1h GCO at room temperature for 

different time intervals (i.e. 10, 20, 30, 40, 50, 60 and 70 min). 

The contents were then Cannula filtered and filtrate was kept at 

4⁰ C in refrigerator before cell calculation. 

 

       For purpose of cell calculation 0.5µL of stain was injected 

on homocytometer, stained with Safranin and Crystal Violet 

followed by loading on microscope for cell counting. The 

reduction in bacterial cells was calculated as percentage (%) 

reduction of cells (Eq. 3) by comparing each sample with 

untreated water sample. The % reduction of cell was calculated 

by following equation. 

 

𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑏𝑎𝑐𝑡𝑒𝑟𝑖𝑎𝑙 𝑐𝑒𝑙𝑙𝑠 (%) =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑎𝑓𝑡𝑒𝑟 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑏𝑒𝑓𝑜𝑟𝑒 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡
× 100   (3) 

 

       The flow sheet showing protocol of bacterial cell count 

after contact with GCO and the cell reduction observed at 

various contact times is presented in Figure 1b. 

Results and Discussion 
 

Synthesis of GCO 

 

       The ethanolic extract of plant leaves of C. gigentea was 

employed in essence to exploit its prospective as potential bio-

factory for the synthesis of GCO NPs. C. gigentea leaves extract 

have rich source of active organic compounds such as proteins, 

aminoacids, glycosides, flavonoids etc. Therefore, naturally 

occurring plant metabolites have favorable effect for NPs 

synthesis by acting as good reducing as well as capping 

/chelating agents (Sharma et al. 2015; Venigalla 2009). During 

the course of reaction, reduction of Cr (III) ions to Cr (0) ions 

takes place as evidenced via UV-vis spectra of the plant extract 

(Figure 2) which clearly shows the decrease in CrCl3 peak 

recorded at 664 cm-1 (Chhonkar 1984). Earlier studies have 

shown that in green synthesis the reduction and conversion of 

Cr (III) ions to zero-valent NPs is assisted by formation of 

Cr(III) chelated complexes with plant phytochemicals which 

can be easily decomposed at temperatures ≤ 400ºC leading to 

formation of metal oxide NPs (Sharma et al. 2015).

 
 

Figure 2. UV-Visible spectra showing decrease in CrCl3 peak (664cm-1) during the course of synthesis of Cr2O3 NPs 

 

Characterization of GCO 

 

FT-IR Spectroscopy 

 

       The FT-IR spectra of ethanolic extract of plant leaves of C. 

gigentea is presented in Figure 3a which depicts typical spectra 

showing broad peak at 3500cm-1 of ethanol hydroxyl group, 

small peak of C-H stretching at 2900cm-1 attributed to 

chlorophyll groups, C=O at 1645cm-1 due carbonyl containing 

compounds, peaks at 1400-1300cm-1 owing to bending 

vibrations of C-H, C-O-C bands at 1085-1016cm-1 and several 

peaks between 876-609 cm-1 because of various aromatic 

moieties present in the plant extract (Ezhilarasi et al. 2018). The 

bonding state of Cr and O in the dried powder was checked with 

help of FTIR spectroscopy (Figure 3b). The small but broad 

peak at 3321.90 cm-1 appears due to O-H groups that would 



 

 

5 | Environmental Science, Pollution Research and Management, Volume 2021, Issue 01 

Copyright: © 

2021 Rabia Nazir* 

 

Calotropis gigentea Mediated Cr2O3 Nanoparticles Synthesis and Application 

in Removal of Microbial and Endocrine Disrupting Chemicals 

 

have been caused due to moisture and 1637.01 cm-1 carbon 

dioxide adsorbed on the sample from the atmosphere (Jaswal et 

al. 2014). The peaks at 950.56 cm-1 and 670 cm-1 may be due to 

the stretching vibration of Cr-O-Cr and Cr-O (Rakesh et al. 

2013). 

 

 
 

Figure 3: FT-IR spectra of a) ethanolic extract of plant leaves of C. gigentea and b) Cr2O3 NPs. 

 

 

SEM/EDX and AFM analysis 

 

       To get insight into the morphology, particle size and 

compositional analysis SEM/EDX and AFM analysis were 

performed. SEM image (Figure 4a) illustrates the porous nature 

of material having agglomerated particles. EDX analysis 

(Figure 4b) confirms the formation of Cr2O3 NPs having 

experimental percentage by weight of chromium and oxygen 

i.e. 65.96% and 25.08%, respectively which is in close match 

with the theoretical yield of chromium (68.42%) and oxygen 

(31.58%) as shown in Figure 4b inset. Impurities (carbon, 

sodium, magnesium, and potassium) are also observed in the 

sample prepared which might be due to their presence in leaves 

of C. gigantea. Chloride ion presence is due to CrCl3 used as 

raw material while aluminum usually comes from the grouch 

crucible used for sintering. 

 



 

 

6 | Environmental Science, Pollution Research and Management, Volume 2021, Issue 01 

Copyright: © 

2021 Rabia Nazir* 

 

Calotropis gigentea Mediated Cr2O3 Nanoparticles Synthesis and Application 

in Removal of Microbial and Endocrine Disrupting Chemicals 

 

 
 

Figure 4. a) SEM image and b) EDX spectra of Cr2O3 NPs showing morphology and elemental composition, respectively. 

 

       AFM images presented in Figure 5 a&b clearly evidence 

the agglomeration/ cluster formation of the particles resulting 

in increase in average particle size i.e. 292 µm and broad 

particle size range (Figure 5c).   

 

 
 

Figure 5. AFM images of Cr2O3 NPs a) 3D, b) 2D and c) histogram showing particle size distribution 

 

Powder XRD 

 

       The crystalline structure of green synthesized GCO NPs 

was investigated by X-ray diffraction. XRD spectrum (Figure 

6) was recorded from 20 to 60° 2θ angles and showed best 

match with standard reference pattern of Cr2O3 (96-901-6610) 

having Eskolaite phase confirming formation of single-phase 

material. The particle size as calculated by Debye Scherer 

Equation comes out to be 85.72nm.  

 



 

 

7 | Environmental Science, Pollution Research and Management, Volume 2021, Issue 01 

Copyright: © 

2021 Rabia Nazir* 

 

Calotropis gigentea Mediated Cr2O3 Nanoparticles Synthesis and Application 

in Removal of Microbial and Endocrine Disrupting Chemicals 

 

 
 

Figure 6. Powder XRD spectra of green synthesized chromium oxide nanoparticles (blue) along with matching with reference pattern 

(red lines). 

 

Catalytic activity chromium oxide nanoparticles 

 

       The catalytic activity of prepared GCO towards multiple 

contaminants i.e. dye (DY), pesticide (BF) and phthalate (DOP) 

was checked by carrying out adsorption at varying experimental 

parameters like contact time (t, min), temperature (T, K) and 

initial dye concentration (Ci, mg L-1) to determine the maximum 

adsorption conditions. The temperature studies were not 

performed in case of BF and DOP, considering the fact that high 

temperatures result in their degradation to other compounds and 

the sole impact of adsorbent will not be depicted in true sense. 

 

Effect of contact time and kinetics model 

 

       Room temperature studies were carried out to study the 

effect of contact time between adsorbent (0.1g) and adsorbates 

(DY, BF and DOP) on adsorption by varying time (Figure 7A). 

The incremental increase in adsorption capacity is observed in 

all the three cases as time increases with maxima lying at 20min 

(43.0mg g-1) for DY, 15min (4.94 mg L-1) for BF and 15min 

(80.53 mg L-1) for DOP. Therefore, rest of the experiments were 

performed at these respective contact times. Earlier studies 

carried out by use of Cr2O3 based nano-adsorbents required 

longer time (120min) for removal of dye from the system and 

with much lower adsorption capacities (1.99 to 35.47mg g-1) 

(Ibrahim 2019). 

 

       Adsorption data was also analyzed using pseudo-first and 

second-order kinetic models (non-linear and linear) (Table 1S, 

Figure 7A&B); the parameters obtained after fitting (Figure 7) 

are tabulated in (Table 1) which showed the best fit model 

(decided on based of higher R2, small SD and lower χ2- value) 

to be second-order kinetic model in both linear and non-linear 

forms for all the three cases. This indicates that the rate limiting 

step for adsorption of all the three EDC onto GCO is 

chemisorption involving valence forces attributed to sharing/ 

exchange of electrons between the two systems, coordination or 

complexation (Febrianto et al. 2009; Zhang et al. 2019). To 

further get insight into the rate limiting step diffusion models 

were also applied to the adsorption data obtained (Table 1, 

Figure 7). The application of intra-particle diffusion model 

fitting (Figure 8A) to the data obtained for DY adsorption onto 

GCO results in two straight lines. Such fit points to different 

sorption phenomena occurring during the course of adsorption. 

Similar observation was recorded in cases of BF and DOP 

(Figure 8A). The line of plot qt vs t0.5 (Figure 8A) when studied 

for full adsorption range showed non-linear dependence with 

line not passing through origin indicating the main rate-limiting 

step to be boundary layer diffusion controlled instead (Ali et al. 

2019; Ciopec et al. 2014) based on particle diffusion (Figure 

8B) rather than pore diffusion as depicted by high R2 value 

(Table 1). 
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Figure 7. A) Removal of EDC (DY, BF and DOP) by GCO as a function of time and application of pseudo-first and pseudo-second 

order kinetic models in non-linear (NL) and B) linear (L) forms, respectively. 
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Figure 8. Application of A) intra-particle and B) particle diffusion models to adsorption of EDC (DY, BF and DOP) onto GCO. 

 

Model Parameter Value (DY) Value (BF) Value (DOP) 

 qe,cal (mg g-1) 43.0 4.9 80.53 

Pseudo-first order 

(linear) 

qe,exp (mg g-1) 12.3 5.7 91.666 

k1NL (min-1) 0.151 0.472 0.171 

Radj
2 0.9738 0.8801 0.9693 

SD 0.059 0.252 3.476 

Reduced χ2 0.003 0.064 12.085 

Pseudo-second 

order 

(linear) 

qe,exp (mg g-1) 43.36 5.64 104.36 

k2NL (min-1) 3.31×10-2 0.114 0.002 

Radj
2 0.9978 0.9905 0.9743 

SD 0.006 0.0591 3.178 

Reduced-χ2 3.51×10-5 0.003 10.098 

Pseudo-first order 

(Non-linear) 

qe,exp (mg g-1) 42.55 4.952 142.23 

k1NL (min-1) 0.815 0.498 0.364 

Radj
2 0.5597 0.9032 0.7202 

SD 2.281 0.151 0.316 

Reduced χ2 5.201 0.911 0.100 

Pseudo-second 

order 

(Non-linear) 

qe,exp (mg g-1) 44.212 5.167 117.65 

k2NL (min-1) 0.034 0.191 1.48×10-3 

Radj
2 0.8669 0.9282 0.9051 
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SD 1.253 0.130 0.009 

Reduced-χ2 1.572 0.017 8.55×10-5 

Particle diffusion kp (mg g-1min-1) 0.48 0.531 -1.56 

Radj
2 0.9705 0.9808 0.8866 

Intra-particle 

diffusion 

kid1 (mg g-1 min-0.5) 0.8292 1.820 25.466 

Ci1 (mg g-1) 1.489 1.037 4.295 

R1
2 34.6316 0.9928 0.9755 

kid2 (mg g-1 min-0.5) 0.9169 0.021 4.067 

Ci2 (mg g-1) 0.725 4.848 67.241 

R2
2 39.359 0.7609 0.8311 

 

Table 1 Pseudo-first order (Linear, Non-linear), pseudo-second order (Linear, Non-linear), particle diffusion and intra-particle 

diffusion parameters for DY, BF and DOP adsorption on GCO along with goodness of fit parameters. 

 

Effect of temperature and thermodynamic models 

 

       Adsorption experiments conducted at variable temperatures 

ranging from 25-70°C points to maximum adsorption of DY by 

GCO at 25°C (RT) in 20 min as obvious from Figure 9. The 

decrease in adsorption of the dye by nano-adsorbent (2g/L) 

from 25°C to 70°C points to exothermic nature of the process. 

Thermodynamic models (Table 1S, Table 2) were applied for 

calculating ΔHº, ΔSº, ΔGº, Ea and S* from fitting parameters. 

The values of these tabulated in Table 2 revealed about the 

adsorption process being spontaneous (-ΔGº) and exothermic 

(+ΔHº) with disorderness (+ΔSº) prevailing around GCO 

surface (Al-Degs et al. 2008; Almeida et al. 2009).  
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Figure 9. Plot showing effect of temperature on adsorption capacity of GCO (), plot of lnKC vs T-1 () and plot of ln(1-θ) vs T-1 

(inset). 
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T 

(K) 

ΔGº 

kJ mol-1 

ΔHº 

kJ mol-1 

ΔSº 

kJ mol-1 

Ea 

kJ mol-1 

S* 

kJ mol-1 

303 -4.497 

26.67 0.075 -19.769 0.006 

313 -2.789 

323 -2.111 

333 -1.540 

343 -1.131 

 

Table 2. Activation and thermodynamic parameters’ values for adsorption of DY onto GCO. 

 

Effect of adsorbate concentration and adsorption isotherms 

 

       For determination of optimal amount of adsorbate that can 

be removed effectively, catalytic degradation was checked out 

with various concentrations of DY (100 to 700mg L-1), BF (10-

200mg L-1) and DOP (100-400mg L-1) at 25oC and neutral pH 

with 0.1g nano-adsorbent. For all the three cases, incremental 

increase in qt (mg g-1) with escalating concentration was 

observed till it achieves the equilibrium at 600, 150 and 300 mg 

L-1 for DY, BF and DOP, respectively (Figure 10). The 

application of three adsorption isotherms (Langmuir, 

Freundlich and Liu) on experimental points were done and it 

was clear from fitting parameters (Table 1S, Table 3) that the 

best fit model is Liu for DY as well as BF and DOP having 

highest R2, lowest reduced χ2 and smallest SD values. The qm 

as obtained from the fitting comes out to be for DY, BF and 

DOP as 296.11, 87.92 and 231.82 mg g-1, respectively.
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Figure 10. a) DY, b) BF and c) DOP removal as a function of concentration and application of adsorption models i.e. Langmuir, 

Freundlich and Liu. 
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Model Parameter Value (DY) Value (BF) Value (DOP) 

 qe,exp (mg g-1) 200.4 56.93 177.96 

Langmuir KL (L g-1) 0.0017 0.005 0.003 

qm (mg g-1) 475.951 131.129 360.819 

Radj
2 0.9885 0.9930 0.9647 

SD (mg g-1) 6.565 1.818 8.085 

Reduced χ2 43.101 3.306 65.361 

Freundlich KF (mg g-1 (mg L-1)-1/nF) 2.111 1.709 6.054 

nF 1.410 1.441 1.702 

Radj
2 0.9715 0.9746 0.9346 

 SD (mg g-1) 10.348 3.475 11.008 

 Reduced χ2 107.081 12.073 121.922 

Liu qm (mg g-1) 296.111 87.92 231.281 

Kg (L mg-1) 0.0027 0.010 0.007 

nL 1.403 1.357 1.736 

Radj
2 0.9954 0.9987 0.9816 

SD (mg g-1) 4.140 0.772 5.838 

Reduced χ2 17.142 0.595 34.091 

 

Table 3. Langmuir, Freundlich and Liu adsorption models constant as applied to DY, BF and DOP adsorption on GCO. 

 

Antimicrobial activity 
 

       The antimicrobial potential of GCO NPs was checked 

using S. aureus as test contaminant. The nanoparticles were 

found quite effective in disinfecting water as depicted in 

Figure11. The appreciable % reduction of cell was observed 

with increase in contact time from 10min to 110min which is 

43% to 80.9%. Earlier studies have also shown antimicrobial 

activity of the chemically synthesized chromium oxide 

nanoparticles against E. coli, and P. aeruginosa (Raza et al. 

2016). 

 

Figure 11. Percentage reduction of cell for S. aureus by using Cr2O3 NPs. 

 

Conclusion 
 

       Simple and room temperature synthesis of single phased 

Cr2O3 nanoparticles was achieved by using Calotropis gigentea 

ethanolic leaves extract. The prepared NPs were exploited as 

potential material for water treatment applications to remove 

multiple natured contaminants which occur in water 

simultaneously and earlier required various multifold 

treatments for their effective removal. The adsorption studies 

conducted without involving any stringent experimental 

parameters resulted in considerable high removal rates for all 

the contaminants i.e. direct yellow 24 dye, bifenthrin, dioctyl 

phthalate and S. aureus microbes. The maximum adsorption 

occurs in just 15-20min at room temperature making the 

prepared NPs a good material for effective and multiple 

contaminants removal from polluted water. 
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Supplementary Data: 

Table 1S: Equations used for the adsorption and various models applied. 

Eq. No. Parameter Equation 

4  Removal efficiency (%) 
A =

(C0 − Ct)

C0

 x 100 

5  Non-linear Chi-square 
𝜒2 =  ∑

(𝑞𝑒,𝑒𝑥𝑝 −  𝑞𝑒,𝑐𝑎𝑙)

𝑞𝑒,𝑐𝑎𝑙
2

2

 

 Kinetic Models (non-linear) 

6  Pseudo-first order 
log(𝑞𝑒 −  𝑞𝑡) = log 𝑞𝑒 −  

𝑘1𝑁𝐿

2.303
𝑡 

7  Pseudo-second order 
(

𝑡

𝑞𝑡

) =  
1

𝑘2𝑁𝐿𝑞𝑒
2

+  
1

𝑞𝑒

𝑡 

 Kinetic Models (linear) 

8  Pseudo-first order 
log(𝑞𝑒 −  𝑞𝑡) = log 𝑞𝑒 −  

𝑘1𝐿

2.303
𝑡 

9  Pseudo-second order 
(

𝑡

𝑞𝑡

) =  
1

𝑘2𝐿𝑞𝑒
2

+  
1

𝑞𝑒

𝑡 

 Diffusion studies 

10  Intra-particle diffusion model 𝑞𝑡 = 𝑘𝑖𝑑𝑡0.5 + 𝐶𝑖 

11  Particle diffusion model 
𝑙𝑛 (1 −

𝐶𝑡

𝐶𝑒

) =  −𝑘𝑝𝑡 

 Adsorption isotherms  

12  Langmuir  
𝑞𝑒 =  

𝑞𝑚  ×  𝐾𝐿  ×  𝐶𝑒

1 + 𝐾𝐿  ×  𝐶𝑒

 

13  Freundlich 𝑞𝑒 =  𝐾𝐹  ×  𝐶𝑒
1/𝑛𝐹 

14  Liu 
𝑞𝑒 =

𝑞𝑚  ×  (𝐾𝑔  ×  𝐶𝑒)
𝑛𝐿

1 +  (𝐾𝑔 × 𝐶𝑒)
𝑛𝐿

 

 Thermodynamic models  

15  Gibbs free energy (KJ mol-1) ∆𝐺 =  −𝑅𝑇𝑙𝑛𝐾𝐶  

16  Equilibrium constant 
𝑙𝑛𝐾𝐶 =  (

∆𝑆°

𝑅
) − (

∆𝐻°

𝑅𝑇
) 

17  Arrhenius equation 
𝑙𝑛𝐾𝐶 = 𝑙𝑛𝐴 − 

𝐸𝑎

𝑅𝑇
 

18  Modified Arrhenius equation 
ln(1 − 𝜃) = 𝑙𝑛𝑆∗ +  

𝐸𝑎

𝑅𝑇
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C0 (mg L-1) = Initial dye concentration; Ct (mg L-1) = Dye concentrations at time t; V (L) = Volume of the solution; W (g) = Weight of 

the adsorbent used; qe,exp (mg g-1) = Experimental equilibrium capacity; qe,cal (mg g-1) = Theoretical equilibrium capacity; qe (mg g-1) = 

Amount of adsorbent at equilibrium; qt (mg g-1) = Amount of adsorbent at time t (min); k1NL (min-1) = Rate constants for non-linear 

pseudo-first order; k2NL (g mg-1 min-1) = Rate constant for non-linear pseudo -second order; k1L (min-1) = Rate constants for linear 

pseudo-first order; k2L (g mg-1 min-1) = Rate constant for linear pseudo -second order; kid (mg g-1 min-0.5) = Rate parameter of stage 1 

or 2; Ci = Thickness of boundary layer; qm (mg g-1) is the maximum adsorption capacity. KL (L mg-1) and KF (mg g-1 (mg L1-)-1/nF) are 

Langmuir and Freundlich constants related to rate of adsorption; nF is the Freundlich dimensionless exponent. Kg (L mg-1) and nL are 

Liu constant and exponent, respectively. KC is equilibrium constant = Cs / Ce where Cs (mg L-1) is equilibrium concentration of 

adsorbent, Ce (mg L-1) equilibrium concentration in solution, R (J mol-1 K-1) is ideal gas constant and T (K) is temperature; Ea = 

activation energy; A = frequency factor; S* = Sticking probability, θ = surface coverage and is equal to [1-(Ce/Ct)]. 

 

 

 

 


