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Abstract 
The present study carried out Equilibrium, Kinetics 

and Thermodynamic studies for the removal of 

Malachite Green dye by Green Synthesized Copper 

Oxide Nanoparticles (Amorphophallus paeoniifolius 

Tuber). The synthesized copper oxide nanoparticles 

were characterized by Ultraviolet Vis spectroscopy 

(UV-Vis), X-ray Diffraction (XRD), Fourier Transform 

Infrared Spectroscopy (FT-IR), Scanning Electron 

Microscope (SEM), Transmission Electron Microscope 

(TEM) and Energy Dispersive X-ray (EDX). 

Adsorption parameters such as initial dye 

concentration, adsorbent dosage, pH and contact time 

were used.  

 

Pseudo first order and second order kinetics 

parameters were also calculated. It is a very simple 

green chemical strategy, low-cost and effective 

alternative method. This method is cost-effective in 

terms of energy, time and easiness. This procedure 

resulted in the production of copper oxide 

Nanoparticles on a huge scale. 

 
Keywords: Amorphophallus paeoniifolius tuber, CuO NP’s, 
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Introduction 
The discharge of effluents of azo dyes into the water is 

uncontrollable because the dyes degrade to carcinogenic and 

toxic products.  Among a wide array of methods employed 

for the treatment of wastewater, adsorption has received 

many attentions since it is simple, cost effective and reliable. 

Hence, seeking for effective adsorbents is increasingly 

enhancing because the majority of widely used adsorbent 

materials are very expensive, difficult to recover and recycle 

and also need high cost for activation and reactivation5,38,40. 

 
The synthesis process of nanomaterial and the investigation 

of their applications and properties are one of the inspiring 

parts of the advanced scientific research. Different physical 

and chemical methods are used for the synthesis of metal 

oxide nanoparticles; however, the conventionally used 

methods such as sol-gel, chemical reduction and 

hydrothermal are costly methods and non-eco-friendly by 

producing toxic chemicals as end products. Thus, eco-

friendly methods for the synthesis of metal oxide 

nanoparticles attracted the attention such as the use of plant 

extract, microorganisms and algae. Plant extracts are 

involved in redox reactions which reduce metal ions to form 

nanoparticles. Metabolites such as sugars, terpenoids, 

polyphenols, alkaloids, phenolic acids and proteins play 

essential roles in the reduction of metal ions to nanoparticles 

and support the stability of nanoparticle8,27.  

 

Based on the previous literature reports, nanoparticles were 

synthesized from various plants extracts such as Acalypha 
indica, Phyllanthus amarus, Terminalia arjuna, Calotropis 

gigantean, Malva sylvestris, Cassia alata, Gloriosa superba 

and Carica papaya and their antimicrobial activities were 

also reported10,15,16.  

 

 
Graphical Abstract 

https://en.wikipedia.org/wiki/Amorphophallus_paeoniifolius
https://en.wikipedia.org/wiki/Amorphophallus_paeoniifolius


Research Journal of Chemistry and Environment______________________________________Vol. 29 (3) March (2025) 
  Res. J. Chem. Environ. 

https://doi.org/10.25303/293rjce052061       53 

In the present study, Amorphophallus paeoniifoliusis tuber 

extracts were considered for the synthesis of nanoparticles. 

Amorphophallus paeoniifoliusis an herbaceous, perennial 

C3 crop is categorized under the family Araceae; it has 

yellow flesh and is a rich source of starch. This plant is also 

known as an elephant foot yam and has the local name, 

“Karunai Kizhangu”. This plant is widely available in 

Bangladesh at very low cost. This medicinal plant contains 

different phytochemical components such as steroids, 

flavonoids, carbohydrates, tannins, saponins and 

proteins21,25,37.  

 

Due to the presence of different bioactive molecules, this 

plant has many uses in medicinal purposes such as cough, 

vomiting, bronchitis, asthma and anorexia. Besides these 

medicinal uses, the above-mentioned phytochemicals in this 

plant can be used for synthesizing metal nanoparticles by 

reducing metal ions. A recent work reported synthesis of 

AgNP’s by using tuber extract of Amorphophallus 

paeoniifolius and their potential antibacterial activity18. 

 

In this study, we reported cost-effective, simple, rapid and 

eco-friendly synthesis of CuO NP’s at room temperature. 

Tuber extract (without bark) of Amorphophallus 
paeoniifolius was used as the source of reducing and 

stabilizing agents. Using this tuber extract as a reducing and 

stabilizing agent, instead of toxic chemicals, satisfies the 

main object of green chemistry15,17. 

 

Material and Methods 
Preparation of Malachite Green Solution: Malachite 

green (MG) dye has chemical formula C23H25N2Cl 

(molecular weight = 364.92, λ max = 617nm)12. Analytical 

reagents were used without any further purification in 

addition to deionised water, copper chloride di-hydrate 

(CuCl2.2H2O) Sodium hydroxide, hydrochloric acid and 

ethanol.  

 

Preparation of Amorphophallus paeoniifolius Tuber 

extract: Amorphophallus Paeoniifolius tuber was collected 

from near vegetable market in Chennai (Tamilnadu), cleaned 

from suspended dirt and mud and washed with water several 

times and thrashed into small species and dried in sunlight 

for 4 days. The dried tuber was ground with an electric 

grinder and stored. 10g of this powder was added to (200 ml) 

distilled water and boiled for 15 minutes. The colour of 

solution change into brown. The obtained solution cooled at 

room temperature and filtered. Centrifuge the filtrate at 

1200rpm for 10 minutes and then adjust at pH 12 and store 

the extract at room temperature until use. 

 

Preparation Copper Oxide Nanoparticles: Take 50ml of 

Amorphophallus paeoniifolius tuber extract and add 0.1M of 

copper chloride di-hydrate (CuCl2. 2H2O) solution at room 

temperature, where the colour changed from light blue to 

yellowish grey. It was then filtered and dried in electrical 

oven for 24 hours at 100oC. The dried sample was kept in 

Muffle furnace for 4 hours at 500oC. The green synthesized 

CuO NP’s are formed at uniform particle size and stored for 

further characterization and uses. 

 

Preparation of Adsorbate: The synthetic dye such as 

malachite green (MG) was purchased from Kevin 

laboratories in Chennai. A stock solution of (1000mg/L) was 

prepared by dissolving 1.0 g of dye distilled water. Distilled 

water was used for preparing all the solution and reagents. 

 

The percentage of removal of colour from dye solution is 

determined by the following formula19: 

 

% removal of colour =
(𝐶𝑜−𝐶𝑒)

𝐶𝑜
𝑋 100                             (1) 

 

 
Fig. 1: Amorphophallus Paeoniifolius Tuber extract 

 

                            
 

Fig. 2: Green synthesized APT CuO Nanoparticle 
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The maximum MG uptake qe (in mg g-1) was calculated as:  

 

qe =
(𝐶𝑜−𝐶𝑒)𝑉

𝑀
                                                                     (2) 

  

where Co and Ce are initial and final MG concentrations in 

mg/L respectively W is the amount of CuO NP (in g) and V 

is the volume of MG solution. 

 

Results and Discussion 
UV- Visible Adsorption Spectroscopy for copper oxide 
nanoparticles: The green approach for the formation of 

copper oxide nanoparticles using Amorphophallus 

paeoniifolius tuber extract was reported. UV-Vis 

spectroscopy was used to monitor the process of the bio 

reduction of CuCl2. 2H2O   to CuO nanoparticles and to 

monitor the formation and optimization of CuO NP’s. Color 

change was the first-hand information for the formation of 

CuO NP’s which was further confirmed by the appearance 

of characteristic Surface Plasmon Resonance (SPR) peak 

between 206 to 212 nm. Fig. 3 shows the UV-Visible 

absorption spectrum of copper oxide nanoparticle. The 

spectrum showed the absorbance peak at 242 nm 

corresponding to the characteristic band of copper oxide 

nanoparticle17,20. 

 

Fourier Transform Infrared (FT-IR) Spectroscopy: FT-

IR analysis was used to investigate the presence of some 

functional groups in both the APTE and the synthesized CuO 

NP’s which are responsible for reducing as well as capping 

agent. Fig. 4 showed the FT-IR absorption spectra of green 

synthesized CuO NP’s and APTE in the range of 400 cm-1 to 

4000 cm-1. Absorbance bands at 3248, 2127, 1362 and 752 

cm-1 were observed in the spectrum of Amorphophallus 

paeoniifolius tuber extract. A broad band at 3248 cm-1 was 

due to the O-H stretching of alcohol compounds. The peaks 

at 1827 and 1363 cm-1 are containing -NH2 group and C=O 

groups of flavonoids11. 775 cm-1 peak is due to C-H bonds. 

FTIR spectrum of CuO NP’s for the peaks appeared at 3393, 

1632, 1015, 709 and 562 cm-1. The peaks at 3393, 1632 and 

1015 cm-1 correspond to hydroxyl group (-OH) stretching, 

hydroxyl (-OH) bending and C-O stretching respectively. 

The narrow bands at 562 confirm the formation of CuO 

NP’s. 

 

XRD pattern analysis: The copper oxide nanoparticles 

were synthesized by using the green method from plant 

Amorphophallus paeoniifolius tuber extract. To evaluate the 

crystalline structure, size and purity of the prepared CuO 

NP’s, the XRD analysis was performed39. Figure 5 shows 

diffraction peaks for green synthesized CuO NP’s noticed at 

2θ values of Brags angle for 33.4O (110), 35.4O (002), 38.8O 

(111), 48.2 O (200), 55.23 O (202), 59.3 O (020) and 62.2 O 

(202) respectively and were used to characterize the 

monoclinic structure of CuO NP’s39. 

 

The average particle size of synthesized copper oxide 

nanoparticles was calculated using Debye- Scherrer's 

formula25,27: 

 

D = 0.9λ / β Cos θ                                                                 (3) 

 

A sharp peak at 2θ =35.4 and 38.8 with the diffraction of the 

(022) and (111) plane indicates that confirmation of CuO 

NP’s. The average crystallite size in the samples of CuO 

NP’s is below 38.91nm. 

 

Scanning electron microscope (SEM) analysis: The 

morphology and surface structure of the synthesized CuO 

NP’s were analysed using SEM and obtained micrograph is 

shown in fig. 6. The shape of the nanoparticle was nearly 

spherical, with less evidence of agglomeration. Previous 

studies confirmed CuO NP’s’ spherical shape28,29. The 

average particle size determination using image J software 

showed that the average particle size was 59.99 nm. The 

particle size distribution for CuO NP’s obtained in this study 

agreed with previous studies24,30,36. 

 

Energy Dispersive X-Ray Diffractive (EDAX) Analysis: 

To gain further insight into the features of the green 

synthesized CuO NP’s, the chemical composition of the 

NP’s was analysed using EDAX (Fig. 7). 

 

 
Fig. 3: UV-visible adsorption spectrum of a) APT extract and b) APT CuO NP’s 
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  Fig. 4: FTIR Spectrum of a) Amorphophallus Paeoniifolius tuber b) CuO NP’s 

 

 
Fig. 5: X-ray diffraction pattern of APT extract- mediated synthesized CuO NP’s 

 

 
Fig. 6: SEM image of Green synthesized copper oxide nanoparticles 

 
The energy-dispersive spectra of the samples obtained from 

the SEM-EDS revealed that the sample prepared by using 

Amorphophallus Paeoniifolius tuber extract has pure CuO 

phases. The results indicate that the reaction product is 

composed of high purity CuO NP’s which agrees with the 
result obtained from XRD. The weight composition obtained 

from EDAX analysis of the normalized spectrum was Cu 

(78.07%) and oxygen (21.93%). EDAX also revealed the 

formation of nonstoichiometric CuO NP’s with oxygen 

vacancy which could lead to better antibacterial activity23,28. 

 

Transmission Electron Microscope (TEM): The detailed 

morphological and size analyses of green synthesized copper 
oxide nanoparticles were studied using electron microscope 

and results are shown in fig. 8. The TEM image reveals that 

the biosynthesis CuO NP’s agglomerated interconnected to 
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each other and are spherical in shape which is also in 

agreement with result obtained from SEM. The particle is 

found to be between 10-60 nm. The particle size was 

calculated by histogram.  

 

Effect of pH solution: The initial pH of the working 

solution was adjusted between 3-10 by addition of HCl and 

NaOH solution. Fig. 9 shows the effect of pH on the 

adsorption of MG by GS-APTCuONP.  The percentage 

removal increased with increasing pH = 3 to pH = 7 and 

thereafter slightly decreased 8 to 10 due to attained 

equilibrium. GS-APTCuO NP’s had maximum dye 

adsorption 99% at pH 7.  It can be seen that dye adsorption 

was unfavourable in pH <4. The decrease in the adsorption 

with decrease in pH may be attributed to two reasons. As the 

pH of the system decreased, the number of –ve charged 

adsorbent sites decreased and the number of +ve charged 

surface sites increased, which did not favour the adsorption 

of +ve charged dye cations due to electrostatic repulsion3,9,31. 

While increasing pH, positively charged cationic dye 

becomes dominant. 

Effect of adsorbent dosage: Adsorbent dosage also plays 

an important role in the adsorption process because it 

determines the capacity of an adsorbent for a given initial 

concentration of the adsorbate. The effect of adsorbent 

dosage was studied. The other parameters were fixed; the 

dosage utilized was varied from 0.2 to 1.0 g against a 

solution volume of 50 mg/L MG dye. 

 

The fraction of adsorbed colorant intensified with 

cumulative adsorbent quantity owing to increased 

availability of sorption sites and surface area. The results are 

shown in fig. 10. The amount of MG dye removal increased 

with increase in adsorbent dosage from 0.2 g to 0.8. 

Thereafter, the percentage of dye removal decreased. The 

maximum sorption was obtained at 0.8g. The % of porosity 

increased by increasing adsorbent dosage. 

 

Effect of initial dye concentration of Malachite green: 
The initial concentration of dye has a very important role in 

adsorption phenomena. 

 

The inference of the initial concentration of MG in the 

solutions on the rate of adsorption on APT CuO NP’s was 

investigated. Dye range 10–50 (mg/L) was studied and 

output is depicted in figure 11. The adsorption capacity of 

GS-APT CuO NP’s decreased by increasing initial dye 

concentration 10 to 50 mg/L. Maximum adsorption of 

98.94% was recorded for 10mg/l and then the percentage 

removal decreased till the adsorption attains the equilibrium. 

It means that the adsorption is highly dependent on initial 

concentration of Malachite green.  

 

  
Fig. 7: EDAX spectrum of copper oxide nanoparticles 

 

   
Fig. 8: a) HR-TEM image b) Histogram of APT copper oxide nanoparticles 
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Fig. 9:  Effect pH on the adsorption of Malachite green onto GS-APTCuO NP’s 

 

 
Fig. 10: Effect of adsorbent dose on removal of Malachite green 

 

 
Fig. 11: Effect of Initial MG dye concentration on the adsorption of GS-APTCuO NP’s 

 

Since the adsorbent dose is fixed, there are a fixed number 

of active sites as a result percentage removal decreased with 

increasing concentration. At low initial concentrations of 

MG dye, relatively high percentage sorption were observed. 

As a result of the high ratio of adsorbent surface binding sites 

to the dye concentration, a fewer number of dye molecules 

were competing for the available binding sites on the 

adsorbent2,29,35. The increase in the initial concentration of 

the dye enhances the interaction between the dye molecules 

and the surface of the adsorbent26. 

 

Effect of contact time: Equilibrium time is one of the most 

important parameters in the design of economical waste 

treatment system and its effect on the adsorption of MG on 

APT-CuO NP’s is presented. These experiments have been 

carried out at variation time of contact (30-150 minutes). 
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After every contact time, one sample was removed and 

filtered immediately and the filtrate was analysed (Fig. 12). 

The amount adsorbed first rapidly increased and then 

gradually decreased until equilibrium was reached. This is 

perhaps due to the initial availability of maximum number 

of active sites which gets saturated with time. The removal 

efficiency was found to be in the range of 95.47.1 to 98.8% 

when the time rises from 30 to 60 minutes respectively and 

then gradually decreased with increasing time from 60 to 

150 minutes. The result showed that the prepared adsorbent 

has short equilibrium time which shows that the adsorbent 

has enough number of active site for a given concentration. 

In fact, short equilibrium time is recommended on the view 

of water treatment technologies6,14. 

 

Effect of temperature: The temperature can affect 

adsorption rate. In this study, the effect of temperature on 

MG adsorption was investigated in the range of 298-328 K 

(Fig.13). The adsorption of dye decreased with increase of 

temperature. The percentage removal adsorption decreased 

from 98.97% to 97.76% and the temperature increased from 

298K to 328K. The decrease dye adsorption at higher 

temperature was due to the weakening supportive between 

active site on the adsorbent and adsorbate1,4,33. The 

adsorption process is exothermic and MG dye adsorption 

onto CuO NP’s occurred mainly by physico-adsorption22. 

 

Adsorption kinetic studies: The pseudo-first order and 

pseudo-second-order models were used to investigate the 

adsorption kinetics of the MG dye on CuO NP’s. 

 

a) Pseudo-first-order method: The pseudo-first—order 

rate model of Lagergren’s is based on solid capacity and is 

generally expressed as follows: 

 

Log (qe-qt ) = log qe – K1/2.303t                                          (4) 

 

where qe is the amount of solute adsorbed at equilibrium per 

unit, weight of adsorbed (mg/g), qt is the amount of solute 

adsorption at any time (mg/g) and K is the adsorption 

constant. This expression is the most popular form of the 

pseudo first order kinetics model. K1 values at different 

initial MG concentration were calculated from the plots of 

ln(qe-qt) vs t. Constant K1 and correlation coefficient (R2) 

were calculated and summarized in table 1. This model has 

very poor correlation coefficients R2 = 0.8027. 

 

 
Fig. 12: Effect of contact time on the adsorption of MG onto GS-CuO NP’s 

 

 
Fig. 13: Effect of temperature on the adsorption of MG onto GS-APT CuO NP’s 
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b) Pseudo-Second-Order Model: The kinetics data were 

analysed using the pseudo –second-order model which can 

be expressed as follows: 

 

t/qt = 1/K2 qe
2 + t/qe                                                                                       (5) 

 

The plot of 1/qt vs t should give a linear relationship from 

which qe and K2 can be determined from the slope and 

intercept of the plot.  The pseudo-second-order rate constant 

K2 and qe determined from the model as well as correlation 

coefficient are presented in table 1. The observed R2 

(0.9981) values are very high for the pseudo-second-order 

kinetic model where the values of qe cal are in good 

agreement with qe exp. It is therefore evident that pseudo-

second-order model is the best fit kinetic model in describing 

the adsorption process MG onto GS-CuO NP’s. 

 

Conclusion 
In this report, we discussed a green, rapid, one-pot synthesis 

of CuO NP’s, CuCl2.2H2O was used as a source of Cu and 

tuber extract of Amorphophallus paeoniifolius was used as 

reducing and stabilizing agent in this synthesis pathway. The 

CuO NP’s were characterized by UV-visible, FT-IR, XRD, 

SEM-EDX and TEM. The results showed that the adsorption 

followed pseudo-second-order for sorption of MG onto 

green synthesised CuO NP’s. In the present work, the green 

method is very simple, economic and eco-friendly. 

 

 
Fig. 14: Pseudo-first-order kinetic model plot for adsorption of MG onto GS-CuO NP’s 

 

 
Fig. 15: Pseudo-second order kinetic model for adsorption of the MG onto GS-CuO 

 

Table 1 

Adsorption kinetics of MG 

Adsorption Kinetics Parameters Malachite Green 

 

Pseudo First Order 

K1 (min-1) 0.0011 

qe (mg g-1) 0.0778 

R2 0.8027 

 

Pseudo Second Order 

h (g-1 mg-1 min-1) 6.0060 

qe  (mg g-1) 1.2235 

R2 0.9981 
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The synthesized nanoparticle could be a good alternative for 

the removal of malachite green colour (MG) from aqueous 

solution very efficiently. 
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