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ABSTRACT: Defective MOF-801 (Zirconium-fumarate metal-organic framework) was de novo 
synthesized using environmentally friendly ultrasound-assisted synthesis. The effect of the modulator 
on the crystallinity, morphology, density of missing linkers, pore volume, and the specific surface 

area (BET) of synthesized MOF-801 was studied using two modulators, acetic acid, and formic acid, 
in different quantities. The MOF-801 sample (MOF-801-100FA) was applied to investigate  
the adsorptive removal of two cationic dyes viz Crystal Violet (CV) and Methylene Blue (MB) from 

an aqueous solution in a single system. MOF-801-100FA was found to be more effective in removing 
MB dye than CV dye. The maximum equilibrium adsorption capacity was 30.4 mg/g and 18.9 mg/g 
with MB and CV dyes having an initial concentration of 50 mg/L. Langmuir and Freundlich isotherm 

models were the best fit for adsorption data based on linear regression analysis. The best kinetic 
model for the adsorption was pseudo-second-order kinetics (R2 = 0.9975 for CV dye and 0.9998  
for MB dye). The effect of dye concentration, contact time, MOF dose, and pH of dye solution 

 on the adsorption of dyes was also investigated. The study showed that defective MOF-801-100FA 
is an efficient adsorbent for the removal of CV and MB dyes from aqueous solution. 
 
 
KEYWORDS: MOF-801; Ultrasound-assisted; Cationic dyes; Crystal violet; Methylene blue; 

Adsorptive removal. 

 
INTRODUCTION 

Dyes are widely used in paper, pharmaceutical, 
printing, food, textile, and plastic industries. During the 
dyeing process, lakhs of tons of dyes are lost to effluents.  
Dye-containing wastewater is harmful to the environment 
and threatens human and animal health. Therefore, 
removing the dyes from wastewater before releasing 
them into the water stream is an essential  

and challenging task. Although several methods are good 
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+ E-mail: dr.satyapurna@gmail.com 
1021-9986/2023/10/3293-3305      13/$/6.03 

at removing dyes from contaminated water, adsorptive 
removal is one of the best options due to ease of operation, 
high performance, and low cost of application.  
Many adsorbents were used for the adsorptive removal 
of dyes [1-5]. MOFs are employed for the removal of 
these dyes from aqueous solutions as they possess 
unique characteristics compared to conventional 

adsorbents [6-8].   
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Metal-Organic Frameworks (MOFs) are porous 
coordination polymers having three-dimensional network 
structures constructed by coordination-driven self-
assembly of inorganic polynuclear clusters known as 
secondary building units (SBUs) and multitopic organic 
linkers.  The modulator synthesis strategy is used  
for the synthesis of crystalline MOFs as in the absence  
of a modulator, mostly amorphous MOF is obtained. 
Usually, the synthesis of MOF takes place using higher 
amounts of monotopic acids as modulators which compete 
with linkers for the coordination of metal ions. It is well-known 
that a higher concentration of modulators induces 
structural defects in MOFs. The density of structural 
defects depends on the nature and concentration of the 
modulator used in the synthesis. Many of the synthesized 
MOFs are known to have structural defects. The study  
of structural defects is of paramount importance as they 
influence the properties of MOFs [9-12].  

MOF-801 is one of the most widely studied metal-
organic frameworks. It has exceptional hydrothermal 
stability. It is the smallest member of Zirconium-based 
metal-organic frameworks first reported by Wißmann et al., 
(2012) [13]. It is one of the commercially available 
Zirconium MOFs. Many potential applications of MOF-
801 were reported in the literature. It was used in hydrogen 
and water storage [14], water harvesting from the air [15], 
photocatalytic degradation of methyl violet 2B [16], 
removal of fluoride [17], arsenite, and arsenate [18], 
Chromium (VI) ions [19, 20], nanoscale drug delivery [21], 

and separation of propylene/propane mixture [22].  
Compared to traditional energy sources, ultrasound 

provides unusual reaction conditions wherein very high 
temperatures and pressure are generated quickly due to 
cavitation. There are several reports in the literature about 
the application of ultrasound irradiation for a large variety 
of syntheses [23-25].  Soon after the first ultrasound-
assisted synthesis of MOFs reported by Qiu et al., (2008) 
[26], many reports were published in the literature about 
the successful preparation of nano/microporous MOFs. 
Only a few reports in the literature describe the ultrasonic-
assisted synthesis of Zirconium-based MOFs [16, 27] 

In the present study, a series of four defective MOF-801 
samples were de novo synthesized using rapid and 
environmentally friendly ultrasonic-assisted synthesis. 
The de novo synthesized MOF samples were characterized 
by various characterization methods and their specific 

surface area (BET) values were determined. The role  
of two modulators on the density of missing linkers  
in the synthesized MOFs was analyzed based on the 
ThermoGravimetric Analysis (TGA) plots. It was found 
that the defective MOF-801-100FA carries a negative 
charge at basic pH and hence can accommodate  
the cationic dyes. The cationic dyes, MB and CV, 
possessing positive charge are selectively adsorbed 
through electrostatic interactions by MOF-801-100FA 
with a negative charge. The presence of these cationic dyes 
in aqueous solution is not desirable as they are biohazard 
substances, and potentially carcinogenic materials [28, 29]. 
The adsorptive removal of these dyes by defective  
MOF-801-100FA was investigated in detail using different 
adsorption isotherms and kinetic models.  
 
EXPERIMENTAL SECTION 
Materials and equipment 

All the chemicals purchased from Sigma Aldrich were 
used as such without purification. Powder X-Ray Diffraction 
(PXRD) patterns were recorded using monochromatized Cu 
Kα radiation (λ = 1.5406 Å) on a Bruker D8 Advance 

diffractometer operated at 40 kV and 40 mA. Field-Emission 
Scanning Electron Microscopy (FE-SEM) images were 
obtained on a Supra55 Zeiss instrument. Scanning Electron 
Microscopy- Energy Dispersive X-ray spectroscopy (SEM-
EDX) was recorded at 10 kV acceleration voltage to 
determine the elemental composition of MOF samples.  
The Fourier transform infrared (FT-IR) spectra were recorded 

on an Agilent Cary 660 instrument in the transmission mode 
(in the 400 cm-1 - 4000 cm-1 range). ThermoGravimetric 
Analysis (TGA) measurement was recorded in the air using 
Perkin Elmer STA 6000 thermal analyzer. Specific surface 
area (BET) values are obtained from Nitrogen adsorption-
desorption isotherms recorded using a BELSORP analyzer  
at -196 °C. ANM USC 300 Ultrasonic bath was used  
for ultrasonication. The absorbance of dye solutions  
in the visible region was determined using a Shimadzu UV-
2450 spectrophotometer. The pH of the dye solutions  
was altered using 0.1 M HCl and 0.1 M NaOH solutions. 
A digital pH meter (Model 335, Systronics) was used  

to determine the pH of the solutions.  
 
Synthesis of defective MOF-801 samples 

A series of four defective MOF-801 samples were synthesized 
under optimum reaction conditions at room temperature 
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Table 1:  Optimum reaction conditions for the synthesis of defective MOF-801 samples using ultrasonication 

MOF sample ZrOCl2.8H2O (mmol) Fumaric acid (mmol) Acetic acid(mL) Formic acid (mL) DMF (mL) Time(h) 

MOF-801-70FA 1.5 1.5 0 4.2  12 4 

MOF-801-100FA 1.5 1.5 0 6.0 12 4 

MOF-801-70AA 1.0 1.0 4.2 0 8 4 

MOF-801-100AA 1.0 1.0 6.0 0 8 4 

using different amounts of formic acid/ acetic acid modulators 
as presented in Table 1. MOF-801 samples synthesized  
with 70 and 100 equivalents of acetic acid with respect to the 
ZrOCl2.8H2O (metal precursor) were named MOF-801-70AA 
and MOF-801-100AA respectively and with 70 and 100 
equivalents of formic acid were named MOF-801-70FA  
and MOF-801-100FA respectively.  

ZrOCl2.8H2O was dissolved in DMF, then fumaric acid 
was added to the solution. After that respective amount of 
formic acid/acetic acid was added. The reaction mixture 
was placed in the ultrasonic bath for 4 hours. Ultrasonic 
irradiation having a frequency of 40 kHz with a power of 
150 watts was applied at room temperature. The temperature 
of the reaction mixture during sonication was monitored 
and was found to be less than 60 °C even after the reaction 
time of 4h.  The synthesis of MOF-801-100FA was outlined 
in Scheme 1. 

After cooling down to room temperature, the as-synthesized 
white crystalline MOFs were recovered by filtration.   
The crystalline materials were washed three times with 10 mL 
of DMF followed by ethanol (3 x 10 mL) and acetone (3 x 10 mL). 
The materials were dried overnight at room temperature 
and then activated by heating at 100 °C under vacuum  
for 8 h.  
 
Adsorption study 

Removal of two cationic dyes, MB, and CV, from 
single dye solutions by adsorption, was studied using  
as-synthesized MOF-801-100FA as the adsorbent.  
The adsorption of MB and CV dyes from aqueous solution 
in a single system was investigated using the dye solutions 
having different initial concentrations, varying the pH  
of dye solutions, taking different MOF doses, and varying 
the contact time of MOF with the dye solutions. 
Adsorption studies were carried out at a temperature  
of 28 ± 2 °C. Standard solutions of the dyes were prepared 
by dissolving 1000 mg of the dye in 1000 mL of distilled 
water. A set of standard solutions for each dye was prepared 
using the stock solutions. The absorbance maximum  

of dye solutions at 590 nm for CV and 665 nm for MB  
was measured and calibration curves were plotted for each 
of the dye solutions. 50 mL of each dye solution in a single 
system was used to study the adsorption. The dye solution 
and MOF-801-100FA were mixed using a magnetic stirrer 
at 300 rpm. The adsorption efficiency, Qe (mg/g),  
was calculated using Equation (1):  

𝑄𝑒 =
𝑉 (𝐶𝑜 −𝐶𝑒)

𝑀
 ,                             (1) 

Where Co (mg/L) was the initial dye concentration, and 
Ce (mg/L) was the dye concentration at equilibrium. V (L) 
was the volume of the dye solution, and M (g) is the mass 
of MOF-801-100FA. 20 mg of MOF-801-100FA  

was added to each of the 50 mL dye solutions having  
a concentration of 5, 10, 20, 30, 40, and 50 mg/L. After  
the time interval of 12 hours, the absorbance of each 
solution was measured and the Ce values were determined 
from the absorbance values using the calibration curves.  

The percentage removal of dyes was calculated using 
Equation (2): 

 Percentage removal =
(𝐶𝑜 −𝐶𝑒)

𝐶𝑜 
 × 100% ,        (2) 

Adsorption isotherms were described using 
Freundlich, Langmuir, and Temkin adsorption isotherm 
models. 

Freundlich adsorption isotherm is expressed as 
Equation (3): 

ln Qe = ln KF +
1

n
ln Ce                    (3)  

Here, KF is the Freundlich constant, and n is  
the constant whose value indicates the favourability  
of the adsorption process.  

The value of 1/n provides information about the 
usability of the adsorbent over the concentration range  
of the dye solution. 
Langmuir isotherm is represented by Equation (4): 

Ce

Qe
=  

Ce

Qm
+  

1

QmKL
                      (4) 
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Fig. 1:  PXRD patterns of MOF-801 simulated, MOF-801-
70AA, MOF-801-70FA, MOF-801-100AA, MOF-801-100FA 
and MOF-801-100FA after CV adsorption, and MOF-801-
100FA after MB adsorption 

 
Here, Qe  is the maximum adsorption capacity (mg/g) 

of the adsorbent (MOF-801-100FA) with the highest 
concentration of dye (100 mg/L) used in the adsorption 
experiment, and KL is the Langmuir adsorption constant.  
Temkin isotherm is given by Equation (5): 

Qe =
RT

BT
ln Ce +  

RT

BT
ln KT                     (5) 

Here, BT is the adsorption heat constant (J) and KT is 
the equilibrium binding constant (L/ mg) 
 
Adsorption kinetics 

For the kinetic study, 50 mL of CV or MB dye solution 
having a concentration of 5 mg/L and 20 mg of MOF-801-
100FA as adsorbent was used. At the desired time (t), the 
dye solution was withdrawn and the absorbance was 
measured. Qt (mg/g), dye amount adsorbed at time t, was 
obtained by Equation (6): 

   Qt =
V (Co −Ct)

M
                                                      (6) 

Here, Ct (mg/L) is the dye concentration at time t (min).  
To study the kinetics in the adsorption process, three 

kinetic models, pseudo-first-order, pseudo-second-order, 
and Intraparticle diffusion were used. These three models 
are expressed as Equations (7), (8), and (9): 
Pseudo-first-order kinetics, 

ln(Qe − Qt) = ln Qe + k1t                         (7) 

Pseudo-second-order kinetics, 

t

Qt
=

1

k2Qe
2 +

1

Qe
t                            (8) 

Intraparticle diffusion kinetics, 

 Qt = kit
1/2 + C                             (9)  

Here, k1 (min-1), k2 (g/mg min) and ki (mg/g min1/2) are 
the rate constants for pseudo-first-order, pseudo-second-
order, and intraparticle diffusion respectively. C is the 
intraparticle diffusion constant.  
 
Desorption of MOF 

The MB dye and CV dye adsorbed-MOFs were 

separated from the respective dye solutions by 
centrifugation (6000 rpm for 20 min). Thereafter, the 
MOFs were washed with methanol several times until no 
violet color in the methanol solution while washing the 
CV-loaded MOF and no blue color in methanol solution 
while washing the MB-loaded MOF was observed. 
Finally, the recovered MOFs were activated by drying 
under vacuum at 100 °C for 8 h. The adsorption-desorption 
process was performed for five consecutive cycles.  

 
RESULTS AND DISCUSSION 
Characterization of defective MOF-801 samples 

The as-synthesized crystalline MOFs were characterized 
using different characterization techniques. The Powder X-Ray 
Diffraction (PXRD) patterns of the synthesized materials were 
compared with simulated patterns of MOF-801 in Fig. 1 [30]. 
The synthesized materials' peaks fit well with the simulated 
MOF-801. The characteristic peaks positioned around 2θ = 8.5º 

and 9.8º in the PXRD patterns indicate the successful synthesis 
of MOF-801 samples. The presence of sharp peaks suggests 
that highly crystalline MOF-801 samples were obtained.  
The effect of the modulator's type and concentration on the MOF's 
crystallinity was evident in Fig.1. With the increase in the 
concentration of the formic acid modulator from 70 equivalents 
to 100 equivalents, there is an increase in the intensity  
of the peaks indicating the increase in the crystallinity of the 
MOF. Such a trend is not observed with the acetic acid 
modulator. Under identical reaction conditions, the highest 
crystallinity was observed with 70 equivalents of acetic acid  
in MOF-801-70AA amongst MOF-801-70AA, and MOF-801-
100AA. Among the synthesized MOFs, sharp and high-intensity 
peaks are observed in MOF-801-100FA. A comparison 
between PXRD patterns before and after adsorption by MOF-
801-100FA indicates that the MOF framework was intact even 
after the adsorption of CV and MB dyes.  

The morphology of the samples was characterized by 
FE-SEM. The FE-SEM images were presented in Fig. 2. 
With the increase in the concentration of acetic acid,  
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Fig. 2:  FE-SEM images of MOF-801-70AA (a), MOF-801-100A (b), MOF-801-70FA (c), MOF-801-100FA (d), SEM-EDX spectrum 
of MOF-801-100FA (e), and Particle size distribution of MOF-801-100FA particles from SEM images (f) 

 

an increase in the size of the particles was observed. 
Whereas the particle size decreased with the increase in the 
concentration of formic acid modulator from 70 to 100 
equivalents. The SEM-EDX spectrum of MOF-801-
100FA was given in Fig. 2. Zirconium (Lα= 2.042 keV), 
carbon (kα = 0.277 keV), and oxygen (kα = 0.525 keV) 
were identified in the spectrum based on the energies of 

the emitted X-rays from these elements. Particles of MOF-
801-100FA are cubic with an average diameter of 68.1 nm 
as determined from the size of 50 particles using ImageJ. 
A histogram fitted with  Gaussian distribution of the size 
of the MOF-801-100FA particles was presented in Fig. 2.  

The FT-IR spectra of the MOF-801 samples were found  
in Fig. 3. The bands at 491 cm-1 and 660 cm-1 could be 
assigned to the asymmetric stretching vibration of Zr-(OC) 
and bending vibration of Zr6(OH)4O4

 cluster respectively. 
Absorption bands observed at 796 cm-1

, 987 cm-1
,
 and 1210 cm-1 

could be assigned to C-H vibrations. Strong absorption bands 
observed at 1402 cm-1 and 1578 cm-1 were ascribed to the 

symmetrical stretching and asymmetrical stretching 
vibrations of the carboxylic group of the fumaric acid 
linker [31].  

Nitrogen adsorption-desorption isotherms of activated 
MOF-801 samples were presented in Fig. 4. All the isotherms 
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Table 2: Comparison of the specific surface areas determined from N2 sorption isotherms of MOF-801samples 

MOF-801 sample BET area (m2/g) Pore volume (cm3 /g) Mean pore diameter (Å) 

MOF-801-100FA 699 0.31 17.86 

MOF-801-70FA 578 0.39 26.8 

MOF-801-100AA 224 0.13 23.9 

MOF-801-70AA 234 0.20 34.7 

 
Fig. 3: FT-IR spectra of MOF-801-70AA, MOF-801-70FA, 
MOF-801-100AA, MOF-801-100FA 
 

 
Fig. 4:  Nitrogen adsorption-desorption isotherms of MOF-801-
70AA, MOF-801-70FA, MOF-801-100AA, and MOF-801-100FA 

 

 
Fig. 5: The TG curves of MOF-801-70AA, MOF-801-70FA, 
MOF-801-100AA, and MOF-801-100FA 

are type-1 based on IUPAC classification. They indicate 

that the materials are microporous. Among the MOF-801 
samples, MOF-801-100FA has the highest specific surface 
area (BET area) of 699 m2/g.  The BET area, pore volume, 
and mean pore diameter of the MOF-801 samples were 
presented in Table 2. 

Thermogravimetric analysis curves of the defective 
MOF-801 samples were presented in Fig. 5. All the 
synthesized MOFs exhibited almost similar shapes of 
TGA curves. Either Acetic acid or formic acid modulator 
has produced no appreciable changes in the shapes of TGA 
curves. As reported in the literature there are three distinct 
mass loss steps in the TGA curves [14]. In the first step 

occurring below 120 °C mass loss was due to the 
evaporation of water molecules occluded in the pores. The 
mass loss in the second step occurring at 250-400°C could 
be attributed to the decomposition of the linker molecules. 
The last step occurring at around 550-680 °C can be assigned 
to the decomposition of carboxylate ions coordinated  
to zirconium cations releasing carbon dioxide. Assuming 
that the mass loss occurring between 250 and 680 °C is  
due to the decomposition of the linker, the formation of ZrO2 

as the final product after heating of MOF-801 in the air  
is given by the following Equation (10): 

Zr6O6(C4O4H2)6  + 18O2  → 6ZrO2  + 24CO2 + 6H2O     (10) 

Based on the stoichiometry of the Equation, from one 
formula unit of Zr6O6(C4O4H2)6, six moles of ZrO2  

are obtained. Assuming that 100 g of initial Zr6O6(C4O4H2)6 

was taken, the mass of the solid residue ZrO2 should be 
55.7 g corresponding to a relative mass loss of 44.3%.  
The recorded mass losses for the MOF samples were 
below the theoretical value. For MOF-801-70AA, MOF-
801-100AA, MOF-801-70FA and MOF-801-100FA  

the observed mass losses were 39.94%, 38.39%, 40.71% 
and 39.16% respectively. According to the recent study 
on defective MOF-801, the deviation of the mass loss 
from the theoretical value in the region of 250 and 680 °C 
is proportional to the number of missing linkers in its structure [32].   
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Fig. 6: Factors affecting the adsorption of CV and MB dyes onto MOF-801-100FA. The initial concentration of dye (a), amount of 
MOF-801-100FA (b), contact time (c), and pH of the dye solution (d) 
 

Applying the same analogy to the present study suggests 

that the synthesized MOFs have missing-linker defects. 
Other reported studies also support our findings that there 
are missing-linker defects in the de novo synthesized 
MOF-801 frameworks [9, 33]. From the mass loss 
changes, it is evident that there were significant changes  
in the density of missing linkers with the amount of acetic 
acid and formic acid modulators used in the synthesis  
of MOF-801. 
 
Effect of initial dye concentration 

Taking 20 mg of MOF-801-100FA adsorbent,  
the adsorption experiments were carried out by varying  
the initial concentration of CV and MB dyes in the range 
of 5-50 mg/L. The equilibrium time for adsorption was 
12h. The effect of the initial concentration of dyes on  
the adsorption by MOF-801-100FA was shown in Fig. 6(a). 
The percentage removal of CV dye decreased from 32.6% 
to 15.10% and MB dye from 50% to 24.32% with an 

increase in the initial concentration of dye from 5 mg/L  

to 50 mg/L. As reported in the earlier study, the decrease 
in the percentage removal of dye can be attributed  
to the saturation of adsorption sites with the initial dye 
concentration of 5 mg/L [34].  
 
Effect of MOF-801-100FA dose 

The effect of the MOF-801-100FA dose on the 
percentage removal of CV and MB dyes in the 
adsorption experiments was shown in Fig. 6(b). 
Adsorption experiments were conducted by adding  
a MOF-801-100FA dose of 5,10,15,20, and 25 mg  
to each 50 mL of 5 mg/L CV and MB dye solutions. 
Maximum dye removal percentage was achieved  
with 20 mg of MOF dose as it has a large surface area. 
The percentage removal of CV dye increased from 
16.21% to 32.6% and MB dye increased from 20.9% 
to 50% with the increase in the dose of MOF-801-100FA 
from 5 mg to 20 mg. 
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Fig. 7: Plot of linear fitting Langmuir isotherm model (a), Freundlich isotherm model (b), and Temkin isotherm model (c) for CV 
and MB adsorption 

 
Effect of contact time  

The effect of contact time on the adsorption of CV and 
MB dyes was studied by fixing the maximum contact time 
at 12 hours. The variation in the percentage of dye removal 
with the contact time was shown in Fig. 6(c).  The 
maximum CV and MB dye removal percentage achieved 
was found to be 32.6% and 50% respectively. After  
an initial rise in the percentage of dyes adsorbed onto  
the MOF-801-100FA surface, there was a slowdown  
in the percentage of dyes adsorbed with contact time.  
The extent of adsorption of dyes decreases with an increase 

in contact time due to the decrease in the number of active 
sites on the surface of MOF-801-100FA.  
 
Effect of pH 

The effect of pH of the dye solutions on the 
adsorptive removal of dyes by the MOF-801-100FA 

was studied by performing the adsorption experiments 
with 50 ml of CV and MB dyes having a concentration 
of 5 mg/L, and 20 mg of MOF-801-100FA at a 
temperature of 30 ± 2 °C for a contact time of 12 hours. 
The change in percentage removal of CV and MB dyes 
by MOF-801-100FA with the change in the pH of dye 
solutions from 3.0 to 10.0 was shown in Fig. 6(d).  
An increase in the percentage removal with the increase 
in pH of the dye solutions from 3.0 to 9 was observed. 
Maximum adsorption of dyes was observed at a pH of 
9.0. The isoelectric point of MOF was found to be 6.5. 

Above this pH value, the MOF surface carries  
a negative charge and readily binds with the cationic 
dyes, CV and MB, existing in positive form through 
electrostatic interactions. The possible mechanism for 
the adsorption of CV and MB dyes by MOF adsorbent 
is via electrostatic interaction [6, 35].  
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Table 3: Isotherm parameters for adsorption of CV and MB dyes on MOF-801-100 FA 

Dye Qe,exp (mg/g) 
Freundlich isotherm Langmuir isotherm Temkin isotherm 

n KF (mg/g) R2 Qm (mg/g) KL (L/mg) R2 BT (J) KT (L/mg) R2 

CV 18.88 2.01 0.6991 0.9913 28.37 0.0460 0.9939 421 0.50 0.9811 

MB 37.84 1.69 3.83 0.9890 43.14 0.0614 0.9943 277 0.68 0.9817 

 

 

 
Fig. 8: Plot of linear fitting of pseudo-first-order kinetics model (a), pseudo-second-order kinetics model (b), and Intraparticle 
diffusion kinetics model (c) for CV and MB adsorption 
 

Adsorption isotherms 
Three adsorption isotherm models, Freundlich, 

Langmuir, and Temkin were used to determine the 
adsorption performance of MOF-801-100FA. Adsorption 
isotherm models were applied to get information about the 
mechanism of adsorption, evaluation of the performance 
of the adsorption process, and capacity of MOF-801-100FA 
as an adsorbent. Equations (3), (4), and (5) were used  
to represent these three adsorption isotherms. The isotherm 

data obtained for CV and MB dyes was fitted to the three 
models to determine the best fit for the adsorption data. 
Linear plots for Freundlich, Langmuir, and Temkin 
isotherms were shown in Fig. 7. The adsorption isotherm 
parameters for the three models were given in Table 3.  

Based on the correlation coefficient (R2) values, the 

Langmuir model (R2 = 0.9939 for CV dye adsorption, and 
0.9943 for MB dye adsorption) was the best fit compared 
to Freundlich (R2 = 0.9913 for CV dye adsorption, and 
0.9890 for MB dye adsorption) and Temkin (R2 = 0.9811 
for CV dye adsorption, and 0.9817 for MB dye adsorption) 
models.  

The separation factor (RL), an important characteristic 
of the Langmuir adsorption isotherm, was calculated using 

Equation (11): 

𝑅𝐿 =
1

1+𝐾𝐿𝐶𝑜
                                                   (11)  

Here, Co (mg/L) is the highest initial dye concentration 
and KL is the Langmuir constant.  
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Table 4: Kinetic parameters for adsorption of CV and MB dyes on MOF-801-100 FA 

Dye Co(mg/L) Qe,exp(mg/g) 

Pseudo-first-order model Pseudo-second-order model Intraparticle diffusion model 

Qe,cal (mg/g) k1(min-1) R2 Qe,cal(mg/g) k2 (g/mg. min) R2 ki (mg/g. min1/2) C R2 

CV 5 4.08 4.003 0.0156 0.9760 5.08 0.00338 0.9975 0.2612 0.47 0.9860 

MB 5 6.25 4.850 0.0210 0.9900 7.06 0.0054 0.9998 0.2965 2.42 0.9124 

 
Table 5: Comparison with other MOF adsorbents for adsorption of CV and MB dyes 

Dye MOF adsorbent Adsorption capacity (mg/g) Reference 

 CV 

MOF-801-100FA 18.90 Present work 

Fe-BDC 9.29 [34] 

Cu3(BTC)2 0.29 [37] 

H2dtoaCu 165.83 [38] 

IFMC-2 2.40 [39] 

Cd-based  221.00 [40] 

Zn-based 54.50 [41] 

BUT-29 832.00 [42] 

MB 

MOF-801-100FA 30.40 Present work 

MIL-101(Fe) 58.82 [43] 

UiO-66-NO2 41.70 [44] 

UiO-66-10%Ca 50.25 [45] 

MOF-235 187.00 [46] 

Fe-BDC MOF 8.65 [47] 

UiO-66 91.00 [48] 

ZIF-8 522.95 [49]  

With the highest concentration of dye (50 mg/L) used 
in the adsorption experiment, the calculated value of RL

 for 
CV was 0.303, and 0.246 for MB. The adsorption process 

was favorable as the obtained RL values were between  
0 and 1 [34].  From the linear plots of the Freundlich 
Isotherm model, the value of 1/n was found to be 0.497 for 
CV dye and 0.592 for MB dye. The obtained 1/n values 
indicate that the adsorbent applies to the entire CV and MB 
dye concentrations range. However, due to the small 
difference in R2 values in Langmuir and Freundlich 
models, it is not clear whether adsorption occurred  
on a homogeneous or heterogeneous surface. The results 
obtained from linearized isotherm models are 
inconclusive. To overcome the limitations of the linearized 
models and to select the optimum adsorption isotherm 

model, nonlinear regression analysis must be applied [36].  
 
Kinetics studies 

Adsorption data were analyzed using three kinetic 
models, pseudo-first-order, pseudo-second-order, and 

intraparticle diffusion. These three models were represented 
by Equations (7), (8), and (9). The linear plots for the three 
models were presented in Fig. 8, and their corresponding 

kinetic parameters were listed in Table 4. Linear regression 
coefficient (R2)  

Values indicate that the pseudo-second-order kinetic 
model is the best fit for the adsorption data. The value 
of R2 (0.9975 for CV dye adsorption, and 0.9998 for MB 
dye adsorption) for the pseudo-second-order kinetic 
plot is higher than the R2 values of linear plots of the 
other two kinetics models. The pseudo-second-order 
rate constants were determined to be 3.378 x 10 -3 g/mg 

min and 5.40 x 10-3 g/mg min for the adsorption of CV 
dye and MB dyes respectively. The results indicate that 
the adsorptive removal of CV and MB dyes from 

aqueous solution by MOF-801-100FA was due to 
chemisorption. The adsorption capacity of MOF-801-
100FA for the adsorption of CV and MB dyes  
was compared with other MOF adsorbents as shown in 
Table 5.  



Iran. J. Chem. Chem. Eng. Ultrasound-Assisted Synthesis of Defective … Vol. 42, No. 10, 2023 
 

Research Article                                                                                                                                                                  3303 

Recyclability of adsorbent 
To assess the recyclability of MOF-801-100FA,  

a desorption and regeneration experiment was conducted. 
A slight decrease in the adsorption capacity of MOF-801-
100FA was observed with increasing cycle number. After 
five consecutive adsorption-desorption cycles, 81% of the 
initial MB dye removal efficiency and 74% of the initial 
CV dye removal efficiency was retained. The study shows 
that MOF-801-100FA has good recycling ability and could 
be used as a potential adsorbent for the removal of MB and 
CV dyes from aqueous solution.  
 
CONCLUSIONS 

In the present work, we demonstrated the energy-
efficient and green de novo synthesis of defective MOF-
801 samples using ultrasonication at room temperature. 
Among the four synthesized samples, MOF-801-100FA 
was highly crystalline with high specific surface area 
 (BET area) of 699 m2/g. TGA analysis revealed that the 
MOF-801-100FA sample was defective due to the missing 
linkers in the framework structure.  The MOF was tested 
to remove two cationic dyes, CV and MB, from the 
aqueous solution by adsorption. The obtained adsorption 
data best fit the Langmuir and Freundlich isotherm models. 
Nonlinear regression analysis must be used to determine 
the optimum adsorption isotherm as the results obtained 
from linearized isotherm models are inconclusive. The 
adsorption kinetics was best described by the pseudo-
second-order kinetics model.  The MOF was found to have 

a higher adsorption efficiency toward MB dye. The 
maximum equilibrium adsorption capacity was 30.4 mg/g 
and 18.9 mg/g with MB and CV dyes having an initial 
concentration of 50 mg/L. The maximum adsorption of 
dyes was observed at a pH of 9. MOF-801-100FA was 
regenerated for the removal of CV and MB dyes with 
significant efficiency after five cycles. It is a promising 
adsorbent for the removal of these cationic dyes from 
aqueous solution.  
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Abstract
Recently, the role of plant-based nanoparticles as sustainable catalysts has emerged as a new field in material science. 
As a result of their wide applicability, bio-designed nanocatalysts have dominated the present study. At this juncture, this 
study gives the rapid and systematic procedure for the formation of an aqueous Elaeocarpus sylvestris plant leaf extract–
capped copper oxide nanoparticles (ESCuO NPs). A benign method has been established for the fabrication of ESCuO 
nanoparticles that which serves as an innocuous, renewable, and mild reducing agent. Vivid spectrochemical and optical 
experimental investigation supported the formation of the ESCuO particles. Based on TEM investigation, the produced 
ESCuO NPs had spherical shape and an average size of 53 nm. The phytochemicals were used as a reducing agent internally 
without the use of harmful chemicals or extremely high temperatures. The derived ESCuO NPs have been employed as a 
powerful catalyst to reduce 4-nitrophenol. Furthermore, rate constants for different doses were calculated. The antioxidant 
efficiency of synthesized ESCuO NPs was determined. This study illustrates the way for cutting-edge synthesis of CuO 
NPs with numerous applications.

Keywords  Elaeocarpus sylvestris · CuO nanoparticles · 4-Nitrophenol · Antioxidant activity · Reducing agent

Introduction

As a result of the industrial revolution and the quick devel-
opment of technology, all types of industries often discharge 
massive amounts of dangerous chemicals into the air, water, 
and land, wreaking havoc on the ecosystem. Emerging con-
taminants are being released into water bodies as a result 
of the industrial revolution. These new toxins pose dangers 

to ecosystems and human health, necessitating creative 
treatment strategies. More specifically, 4-nitrophenol is a 
straightforward organic aromatic molecule that is widely 
employed in the production of numerous goods needed in 
current society, including colors, pesticides, and medications 
[1]. However, toxic chemicals like 4-nitrophenol are not only 
harmful but also anthropogenic and hindering in nature, so 
its reduction is a crucial challenge.

Additionally, 4-nitrophenol and its by-products are uti-
lized to create pesticides, insecticides, and herbicides that 
pose a harm to both the environment and people [2].

In this connection, the significant challenge of reduction 
of 4-nitrophenol has been performed with the application of 
nanotechnology with their specific characteristic properties 
recently [3]. There is a plethora of effective research on the 
use of nanoparticles to reduce 4-nitrophenol. Metal nano-
particles have many uses in the biological, electrochemical, 
and medicinal domains because of their distinctive features, 
such as substantial surface area relative to volume ratios and 
significant surface energies related to their bulk molecules 
[4–7]. There are various types of metal oxide nanoparticles, 
but copper oxide nanoparticles are of particular interest due 
to their potential for usage in both science and industry. Due 
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to their biocidal qualities, CuO has drawn attention and may 
be used effectively in a variety of biomedical applications, 
including illness treatment, drug delivery, cellular delivery, 
and biomedical imaging [8]. CuO NPs are employed as het-
erogeneous catalysts in the pharmaceutical industry as drug 
delivery, antioxidant, anticancer, and therapeutic agents [9]. 
The extremely unique crystal shapes and large surface areas of 
copper oxide NPs make them extremely excellent antibacterial 
particles [10].

Like other nanoparticles, CuO NPs can be produced through 
chemical and physical methods; however, current research has 
begun to recognize green CuO nanoparticles due to the green 
revolution in all fields. To prevent hazardous chemicals and 
an abrasive environment when using chemical methods and 
a laborious procedure while using physical methods, a green 
protocol for the production of CuO NPs has been established. 
As a result, the biological technique for producing CuO NPs 
is receiving greater attention because it is simple to use, easy 
to handle, does not require cell culture, and is environmen-
tally benign [11]. Thus, using plant extracts for the synthesis 
of CuO NPs has already been reported for Gloriosa superba 
[12], Aloe barbadensis [13], Malva sylvestris [14], and Carica  
papaya [15].

In the current study, Elaeocarpus sylvestris plant leaf 
extract is used as a green source for producing copper oxide 
nanoparticles in a sustainable manner. The Elaeocarpus syl-
vestris plant has uttermost priority both in the spiritual purpose 
and scientific research. This plant belongs to the Elaeocar-
paceae (Rudraksha) family. These are subtropical and long-
leaved evergreen shrubs and trees. The research on this plant 
reveals that phytochemicals like alkaloids, terpenoids, and fla-
vonoids are present, as reported by Amit Dadhich [16]. The 
antioxidant activity of this plant was reported by Amalia Indah 
Prihantini et al. [17]. This shows its action towards depres-
sion, stress, pain in the nerve, anxiety, palpitation, migraine, 
asthma, hypertension, and alleviations related to the liver and 
arthritis traditionally [18–22]. CuO NPs have been synthesized 
employing plant leaf extract from Elaeocarpus sylvestris for 
the first time. The current study investigates the environmen-
tally friendly synthesis of CuO NPs and characterizes them 
using various microscopic and spectroscopic methods and 
tested its reduction activity of 4-nitrophenol and antioxidant 
activities.

Experimental methods

Reagents

The chemicals utilized in this research were of superior qual-
ity, conforming to analytical grade specifications. Cu(NO3)2. 
3H2O, NaOH, 4-nitrophenol, NaBH4, ethanol, and DPPH 
(1,1-diphenyl-2-picrylhydrazyl) were obtained from Merck 

and employed without any refinement. The Elaeocarpus syl-
vestris tree leaves were piled up near the Lord Shiva tem-
ple, Bommuru, Rajahmundry. Double-distilled water was 
utilized throughout all synthetic procedures.

Green protocol description of ESCuO nanoparticles

The fabrication of nanoparticles takes place through a 
variety of methods and approaches. A facile green proto-
col through the coprecipitation method has substantially 
emerged recently. Natural (plant biomolecule) capping, 
stabilizing, and reducing agents are being employed to 
accomplish CuO NPs by avoiding perilous reagents [23, 24]. 
Irrespective of all plant particles, leaves are a good extract 
yielding part through the coprecipitation method.

Elaeocarpus sylvestris leaf extract preparation

The fabrication of ESCuO NPs was executed by using Elae-
ocarpus sylvestris leaf extract as a green source operator. 
Elaeocarpus sylvestris tree leaves were washed to remove 
the dust particles. To dry these leaves, they were kept in the 
shade for 15 days. Subsequently, a fine green powder of the 
dried leaves was obtained by using ultra household mixer.  
In order to create the 1% aqueous leaf extract, 100 ml of dis-
tilled water was combined with 1 g of finely powdered leaves. 
For 20–25 min, the aqueous mixture was heated to 60 °C 
while being constantly stirred. Then, to obtain a clear solu-
tion free of any particles, the brown aqueous leaf extract was 
filtered through Whatman No. 1 filter paper. The filtrate was  
then kept at 4 °C.

Elaeocarpus sylvestris–functionalized CuO 
nanoparticle synthesis

By using an environmentally friendly source, such as an 
aqueous solution of Elaeocarpus sylvestris leaf extract, 
the coprecipitation process was used to create Elaeo-
carpus sylvestris–functionalized CuO nanoparticles. A 
typical synthesis technique involved dissolving 1.87 g 
of Cu(NO3)2.3H2O in 90 mL of distilled water. At room 
temperature, the solution is a clear blue color after being 
thoroughly mixed for 20 to 25 min. The reaction mixture 
volume was then increased to 100 mL by adding 10 mL of 
aqueous leaf extract, which caused it to turn dark green. 
Then, it was stirred for 15 min to get sonicated well with 
the mixture. Later, the temperature was raised to 80 °C 
and maintained for up to 1 h, and an intense green color 
was observed. Accordingly, 1 M 10 mL NaOH was added 
dropwise, and soon after addition, the mixture turned dark 
brown, which indicated the formation of Elaeocarpus syl-
vestris–functionalized CuO NPs as per literature [25].  
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The workup procedure included washing 2–3 times using 
distilled water and later two times with ethanol. The pre-
pared CuO NPs precipitate was kept in the oven at 40 °C 
for drying overnight.

Elaeocarpus sylvestris–functionalized CuO 
nanoparticle instrumentation

The fabrication of nanoparticles in any way requires a 
firm footing through instrumental (optical, spectral, and 
microscopic) techniques. Likewise, ESCuO NPs were put 
forward through diversified characterization and analytical 
techniques. These helped us to estimate specific proper-
ties of synthesized material to be studied in an accurate 
scalable manner which is rapid and reliable to understand 
the obtained results. Here, a variety of instruments and 
analytical methods, including UV–visible spectroscopy as 
well as FTIR, X-RD, SEM, EDAX, and TEM-SAED instru-
ments, are used to examine the bio-orchestrated CuO NPs. 
Shimadzu UV-2600 in the range of 200–800 nm was used 
for determination of absorbance of Elaeocarpus sylvestris 
leaf extract and synthesized ESCuO NPs. The FTIR spectra 
of ESCuO NPs were recorded using Bruker FTIR Alpha 
spectrometer in the range of 400–4000 cm−1, and stand-
ard KBr pellet method is employed. PANalytical X pert 
pro diffractometer at 0.02°/s scan rate using Cu-k1 radia-
tion ( λ = 1.54061) was used to obtain the powder X-ray 
diffraction (XRD) patterns. XRD was used to determine 
the crystallinity of the synthesized ESCuO NPs. FESEM 
(FE-SEM model JEOL 6390LA/ OXFORD XMX N) at 
an accelerating voltage of 0.5 to 30 kV with magnifica-
tion × 300,000 equipped with energy-dispersive X-ray spec-
troscopy (EDAX) of resolution 136 eV detector area 30 
mm2 is used to investigate the morphology and elemental 
composition of ESCuO NPs. HRTEM (HR-TEM model 
JEOL/JEM 2100) at an accelerating voltage of 200 kV with 
point resolution 0.23 nm and lattice resolution 0.14 nm 
equipped with selected area electron diffraction patterns 
(SAED) is used to investigate the size and shape of the 
synthesised ESCuO NPs. The HRTEM images of various 
resolutions of the nanoparticles are collected.

Reduction of 4‑nitrophenol by ESCuo NPs

Here, normally used procedure has been employed as per 
literature [26]. Commonly, 25 mL of an aqueous solution of 
4-nitrophenol was taken in a RB flask for 10 min while stir-
ring to ensure good mixing. Ten milligrams of synthesized 
NPs made from copper oxide were then added to the reactant 
at 2.5 mM. Then, to decrease 4-nitrophenol at room tem-
perature, 0.25 M NaBH4 that had been dissolved in a 25-mL 
aqueous solution was mixed into the reaction solution. The 

mixture was a deep yellow color, and it was allowed to mix 
thoroughly through stirring until it became colorless. The 
colorless reaction mixture indicated the complete reduction 
of 4-nitrophenol. Frequently obtained samples of the reac-
tion mixture, then a UV–visible spectrophotometer was uti-
lized to check if the reaction had finished. Additionally, the 
outcomes were analyzed with and without NaBH4.

Antioxidant potentiality

The “DPPH (1,1-diphenyl-2-picrylhydrazyl) scavenging 
test” is a technique used to investigate the synergistic effect 
of antioxidant molecules on capped CuO NPs as well as 
their effectiveness as antioxidants. The ESCuO NPs have 
been employed for conducting the experiment. It was cal-
culated using the DPPH free radical scavenging potential 
method and measured according to the procedure described 
by Dobrucka [27]. An aliquot of 3 mL of 0.004% DPPH 
solution in ethanol and 0.1 mL of ESCuO NPs at various 
concentrations (100, 200, 300, 400, 500 µg/mL) were mixed, 
which were shielded from light. The DDPH reagent was 
made 24 h before and kept out of the light. Each mixture was 
left for 30 min; using the Shimadzu UV-2600 spectrometer, 
changes in absorbance intensity were measured at 517 nm. 
After which DPPH scavenging activity was calculated from 
using the equation given here, the findings were estimated as 
an amount of scavenging of a control blank with the absorp-
tion value of the investigated materials calculated at 517 nm.

Results and discussion

The hydroxyl and carboxyl groups found in Elaeocarpus 
sylvestris leaves are the best green sources to act as reducing, 
stabilizing, and capped operators for CuO NPs, according 
to the remarkable results achieved by several instrumental 
approaches. The biosynthesized ESCuO NPs are apt for 
further catalytic applications as their metabolites constitute 
amino, hydroxyl, and carboxyl functional groups.

UV–visible spectroscopy

Figure 1 depicts the comparative UV–Vis spectrum of both 
an aqueous solution of Elaeocarpus sylvestris leaf extract and 
the synthesized ESCuO NPs. In Fig. 1a, the absorption of the 
specified signal at 232 nm was observed for the aqueous leaf 
extract of Elaeocarpus sylvestris. Whereas the absorbance 
at 232 nm is related to the benzoyl ring system of π—π* or 
n—π* transitions, these are demonstrating that polyphenols 

(1)

Radical Scavenging activity(%) =
Acontrol blank − Asample × 100

Acontrol blank
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are some of the constituent phytochemicals in the Elaeocar-
pus sylvestris leaf extract [28]. Figure 1b gives the UV–visible 
spectrum of ESCuO NPs. Now, the drawn spectrum revealed 

the absorption peaks at 225 and 262 nm. The peak at 225 nm 
is attributed to the plant constituents [29], and the peak at 
262 indicates the formation of ESCuO nanoparticles [28, 30].

Fig. 1   UV–visible spectrum of 
a ES leaf extract and b ESCuO 
NPs

Fig. 2   FTIR spectra of a ES leaf 
extract and b ESCuO NPs



Colloid and Polymer Science	

1 3

FT‑IR

The important constituents responsible for the capping, 
stabilizing, and reducing of synthesized ESCuO nanopar-
ticles are corroborated through FTIR. In this context, the 
functional group particulars of the plant and of synthe-
sized ESCuO nanoparticles were investigated and depicted 
in Fig. 2. The FTIR spectrum of the employed biosource 
is shown in Fig. 2(a). The obtained spectra expressed the 
key functional groups through its characteristic ranges cor-
responding to the values of 3323.90, 2107.53, 1634.43, 
and 531.44 cm−1, respectively. The spectrum shows value 
at 3323.9 cm−1 confirmed the -OH bond stretching vibra-
tion robustly. However, plant literature reveals that there 
is no compound with N–H functional group. Actually, the 
employed biosource contains ellagic acid, gallic acid, methyl 
gallate as major constituents with -OH and -COOH groups 
[31]. Given to the bending vibration of group -OH explicitly 
is 1634.43 cm−1. Another intense peak at 2106.33 cm−1 is 
ascertained to C = O in biomolecules. The single intensity 
peak below 900 is 531.55 cm−1 and is due to the bending 
vibrations of C–C aromatic ring.

Moreover, the FTIR analysis of green-synthesized ESCuO 
NPs in Fig. 2b exhibited a shift in the transmittance intensity val-
ues compared to the spectra of biosource employed. Besides, it  
confirms the surface functionalization of bio-source of Elaeo-
carpus sylvestris on the green-synthesized CuO NPs. The FTIR 
image depicts the peak values at 3795.67, 2801.95, 2661.75, 
990, and 583 cm−1, respectively. One of the prominent peaks, 
called OH stretching, shifted purposefully from 3323.9 cm−1 

to 3795.67 cm−1, indicating that the phenolic -OH of the bio-
source is tightly bound to the CuO NPs. The stretching frequen-
cies of the C–C and aromatic groups were assigned values of 
2801.95 and 2661.75 cm−1, respectively, while the C-O bond 
of the plant’s components was given a value of 990 cm−1. It is 
interesting to note that the Cu–O bond’s stretching vibrations are 
represented by the other band at 583 cm−1. Therefore, the above 
results confirmed the typical role of biocomponents of plant such 
as substituting carboxylic acids and reducing sugars, polyphe-
nols, and proteins which are acted as best in functionalization 
and stabilization of ESCuO NPs [25, 26].

XRD

The crystal structure of ESCuO NPs was confirmed by XRD. 
Here, diffraction patterns of ESCuO NPs were obtained and 
presented in Fig. 3. Green CuO NPs have been shown to have 
prominent diffraction peaks that demonstrated their crystalline 
nature at various peak positions. The observed peak positions 
at 2θ = 32.59°, 35.61°, 38.78°, 48.82°, 53.54°, 58.37°, 61.60°, 
66.31°, 68.15°, 72.46°, and 75.30° were ascertained to cor-
responding hkl planes (110), (111), (200), (202), (020), (202), 
(113), (311), (220), and (400) [32]. These are highly com-
patible with the cupric oxide nanoparticle JCPDS Standard 
No. 01–080-0076. Finally, it validates the monoclinic phase, 
face-centered cubic structure of CuO NPs. As per previous 
reports, the presence of diffraction peaks between 35 and 39° 
designated the formation of CuO NPs. Fifty-three nanometer 
is the average size of CuO NPs as measured by Debye–Scher-
rer’s formula [33]. 

Fig. 3   XRD pattern of ESCuO 
NPs
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SEM

The interpretation of surface texture of orchestrated ESCuO 
NPs was carried out through the SEM microscopic tech-
nique. Figure 4a–d displays SEM images of ESCuO NPs. 
Moreover, the SEM pictures represented in Fig. 4 reveal 

D = k�∕�cos� the defined spherical morphology of the orchestrated CuO 
NPs. The observed pictures showed that the ESCuO NPs 
had nearly spherical morphologies and were agglomerated 
and monodispersed. The chemical composition of the Elaeo-
carpus sylvestris extract is surface linked to this variance in 
particle shape and size distribution [34, 35]. In addition to 
that, the high surface energy of ESCuO nanoparticles caused 
little aggregation. This character developed because the 
water medium served as the source of the synthesis process 

Fig. 4   a–d SEM pictures of 
ESCuO NPs; e EDX spectra of 
ESCuO NPs
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[36–38]. Small nuclear particles actively self-aggregate and 
oriented in a way to form larger spheres explicitly. In addi-
tion to this, the SEM micrographs were like shattered pieces 
(agglomerated particles) on a rough surface. Figure 4e dis-
plays the chemical composition of the produced NPs being 
examined by the EDX method. Only two powerful signals, 
Cu and O, contribute significantly to the spectrum, with 
weight percentages of 69.43 and 27.53, respectively. Addi-
tionally, the presence of significant concentrations of Cu 
and O with sharp peaks points to the stability and quality 
of the synthesized ESCuO NPs. Sodium was another signal 
that was seen and had a very low intensity (3%). Interest-
ingly, there is an unlabeled peak with less intensity which 
is ascribed to carbon (0.01%) according to Sone et al. [39]. 
According to him, the carbon film used to support the CuO 
samples as well as leaf-based organic compounds that 
emerged from the aqueous extract could be ascribed for the 
presence of C found in the powder. Figure 4b depicts the 
needle-shaped and layered flakes that were visible on the 
surface. The findings showed that the ESCuO NPs were 
functionalized by the Elaeocarpus sylvestris leaf extract 
biomolecules in a significant way.

TEM

Figure 5a–e depicts the micrographs of the synthesized 
ESCuO NPs. The spherical morphological distribution 
of orchestrated ESCuO NPs with sizes in various ranges 
between 9–25 nm is explicitly depicted in Fig. 5. The TEM 
micrographs illustrate that the particles are scattered, and 
some appear to be well coated with the leaf extract of Elae-
ocarpus sylvestris. The different magnifications of TEM 

images declare that very small particles below 25 nm are 
observed [36, 40]. The mean particle size was characterized 
by “Image J software (National Institute of Health, Bethesda, 
MD, USA),” and it was 53.99 nm. Correspondingly, the 
obtained value is in accordance with the crystallite size 
attained by the Debye–Scherrer equation using XRD. The 
bright diffraction rings are observed in the “selected area 
electron diffraction (SAED)” phenomenon of orchestrated 
ESCuO NPs in Fig. 5f. The areas with white and black dots 
revealed the hydrophilic and hydrophobic characteristics of 
CuO nanoparticles, respectively. The well-organized and 
arranged location of the lattice planes in CuO nanoparti-
cles has been demonstrated by the fringes that appeared [36, 
41]. The polycrystalline nature of the CuO nanoparticles has 
been found to be consistent with the appearance of white 
spots and rings in dark nature [36, 42].This showed that 
the CuO NPs are polycrystalline in nature. It is further con-
firmed that the particles are finely crystallized. The SAED 
image’s diffused ring dot pattern fits the XRD pattern, 
demonstrating the monoclinic structure of the synthesized 
ESCuO nanoparticles.

Reduction of 4‑nitrophenol using ESCuO NPs

4-Nitrophenol can be reduced by different metal, metal 
oxide, and bimetallic nanoparticles like Au, Ag, Pt, Pd, 
and Au–Ag. Eventually, all the aforementioned metals and 
metal oxides are cost-effective, and some are harmful, but 
the literature says green-synthesized CuO nanoparticles are 
also used as reducing agents in organic reactions [43]. Nev-
ertheless, CuO NPs are eco-friendly, bioactive, and com-
mercially viable. Here, ESCuO NPs act as blistering agents 

Fig. 5   a–e TEM images of ESCuO NPs; f SAED of ESCuO NPs
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and an efficient reducing agents for removal of hazardous 
4-nitrophenol. Figure 6a denotes the schematic representa-
tion of conversion of para-nitrophenol to para-aminophenol 
by ESCuO NPs and NaBH4.

In the presence of NaBH4 as a reducing agent, the  
performance of the as-synthesized ESCuO NPs as a catalyst  
was evaluated against 4-nitrophenol reduction [14]. The 
conversion of 4-nitrophenol into 4-aminophenol is depicted 
in Fig. 6. In the absence of NaBH4, UV–vis absorbance of 
p-nitrophenol showed a peak at about 313 nm. However, 
when NaBH4 was added to the p-NP solution, the peak at 
313 nm vanished, and a new, strong peak at about 400 nm 
emerged. During the reduction process, a weakly yellowish-
orange p-nitrophenolate solution formed from 4-nitrophenol 
transforms into a strong yellowish-orange p-nitrophenolate 

ion in alkaline conditions [26]. The UV–Vis absorbance of 
the p-nitrophenol and NaBH4 mixture without a catalyst 
was the source of the initial, strong spectrum. Following 
the addition of the catalyst, the peak at 400 nm began to 
progressively fade while a new peak at about 313  nm 
began to emerge, signifying the transformation of the 

Fig. 6   a A schematic representation of conversion of para-nitrophenol to para-aminophenol by ESCuO NPs and NaBH4. b 4-Nitrophenol reduc-
tion with ES leaf extract and NaBH4 without ESCuO NPs. c 4-Nitrophenol reduction by ESCuO NPs and NaBH4. d Kinetics of reduction

Table 1   The kinetic parameters determined during the conversion of 
para-nitrophenol to para-aminophenol by ESCuO NPs

S. no CuO 
NPs in 
(mg)

Rate 
constant 
(min−1)

R2 Time required 
for reduction of 
4-nitrophenol (min)

1 5 0.1477 0.9834 24
2 10 0.1596 0.9718 14
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p-nitrophenolate ion into the p-aminophenol, as shown in 
Fig. 6b. Based on the appearance of the absorbance peak 
at about 400 nm in the presence of the ESCuO NPs as a 
catalyst, the amount of time needed to convert 4-nitrophenol 
completely was calculated [30]. When the 10 mg ESCuO 
NPs as a catalyst was added, the entire conversion of 
4-nitrophenol into aminophenol took place in 14  min 
(Fig. 6c), whereas there was no change when the catalyst 
was not present.

The rate constant (k) of reduction of 4-nitrophenol using 
different doses of ESCuO NPs was determined (Fig. 6d) 
(Table 1). The kinetic analysis results showed that the data best 
fit with pseudo-first-order. The rate constant of the reaction 
obtained from the slope of a plot Fig. 6d depicts that the rate 
of catalytic reduction of 4-nitrophenol is the significant for 
the ESCuO catalyst synthesized using Elaeocarpus sylvestris 
leaf extract based on the literature. The reason for the higher 
rate constants when there is a greater concentration of ESCuO 
nanoparticles is because there is a corresponding increase in 
the quantity of reactive sites available for the reduction of 
4-nitrophenol [26]. Figure 6c exhibits 4-nitrophenol reduction 
by ESCuO NPs and NaBH4. Figure 6d depicts the kinetics of 
reduction followed.

Antioxidant activity

Free radicals are created in biological systems when bio-
molecules interact with molecular oxygen [44]. Numerous 
studies have looked at the antioxidant activity of many 
different types of natural and manmade substances [45]. 
The DPPH scavenging assay is thought to be the most used 
technique for examining a material’s antioxidant capacity. 
The antioxidant activity of ESCuO NPs was investigated 
as its capacity to reduce the stable nitrogen radical DPPH, 
which causes gradual decrease in absorbance at 517 nm, 
with increase in concentration of ESCuO NPs. This further 
confirms the free radical scavenging activity of ESCuO 
NPs. Hence, ESCuO NPs were used as radical scavenger 
and DPPH was used as the radical source. The color of the 
DPPH solution changed from deep violet to pale yellow in 
the presence of ESCuO NPs. The antioxidant efficiency 
CuO nanoparticles and green-synthesized CuO nanopar-
ticles are compared by Naz et al. [46] which confirms that 
there is definite enhancement in its efficiency due to the 
capping of plant biomolecules [47]. Here, various concen-
trations of samples were prepared (100, 200, 300, 400, and 
500 µg/mL) and placed these samples in a dark condition 
for half an hour after the addition of DPPH free radical. 
Then, after, samples were analyzed using spectrophotom-
eter, and percentage of efficiency values shown in the table 
were calculated using the formula (Eq. 1).

These results showed that the antioxidant efficiency of 
ESCuO NPs is dose-dependent (Table 2). All values rep-
resented in the tables are the average ± SD of the results 
of two separately conducted experiments. Figure 7 shows 
the free radical scavenging activity of ESCuO NPs, which 
exhibits up to 61.21 ± 0.03% in 500 µg/mL concentration of 
ESCuO NPs.

Table 2   The antioxidant activity of ESCuO NPs

Sl. no CuO NPs in (µg/mL) DPPH (%) 
(mean ± S.D)

1 100 59.45 ± 0.03
2 200 59.56 ± 0.01
3 300 60.33 ± 0.02
4 400 60.44 ± 0.02
5 500 61.21 ± 0.03

Fig. 7   Free radical scavenging 
activity of ESCuO NPs
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Conclusion

Finally, a novel, simple, and green method is established in 
a promising and sustainable way for the production of CuO 
nanoparticles. To escape from regular chemical methods 
and their toxicity, an environmentally friendly substitute 
is the need of the hour. This green protocol with Elaeo-
carpus sylvestris leaf extract became successful in this 
way. The fabricated particles are corroborated with respec-
tive instrumental analysis. The findings revealed that the 
formed particles have a spherical shape with a 53-nm size 
and a face-centered cubic structure. SEM pictures have 
defined spherical morphology of the orchestrated ESCuO 
NPs. The EDAX spectrum showed the elemental percent-
age of Cu and O are 69.43 and 27.53, respectively. ESCuO 
NPs with sizes in various ranges between 9 and 25 nm is 
explicitly depicted by TEM instrument. In general, CuO 
nanoparticles are cheaper than other metal oxides. The 
ESCuO NPs shown efficient catalytic activity in the con-
version of para nitrophenol to para aminophenol. The rate 
constant (k) of reduction of 4-nitrophenol using differ-
ent doses of ESCuO NPs was determined, and for 5 mg 
and 10 mg of ESCuO NPs, rate constants are 0.1477 and 
0.1596 and reduction takes place within 24 and 14 min, 
respectively. Therefore, the ESCuO NPs show efficient 
catalytic activity in the conversion of para-nitrophenol to 
para-aminophenol. Furthermore, it proves ESCuO NPs 
have promising antioxidant potentiality and show the free 
radical scavenging activity exhibits up to 61.21 ± 0.03% 
in 500 µg/mL concentration of ESCuO NPs. Therefore, 
ESCuO NPs act as a good catalyst for elimination of 
organic pollutants. In future perspective, the study gives 
the new pathway in a variety of applications, including 
biomedicine and catalysis.
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Abstract
In this paper, the complex problem of eliminating dye in polluted water and inhibiting the growth of microbes was discussed. 
The main aim of this paper is to synthesize plant-mediated zinc oxide nanoparticles by using an aqueous flower extract 
of orange jasmine or Murraya paniculata (L.) Jack (FM ZnO NPs) as reducing and ligating agents in the co-precipitated 
method. UV-DRS, UV–Vis, FTIR, TEM, XRD, EDS, FESEM, XPS, and BET techniques were employed to confirm the 
prepared FM ZnO NPs. Absorption of FM ZnO NPs showed a wavelength of 354 nm, band gap value of 3.22 eV, Zn–O 
bond vibration was at 580 cm−1, and type IV adsorption isotherm was shown by BET. The synthesized FM ZnO NPs are 
hexagonal as revealed by SEM, with average crystallite and TEM sizes of 28.7 nm and 57.21 nm. The FM ZnO NPs used 
for photocatalytic activity under UV irradiation were investigated and the percentage (%) of degradation of CV by FM ZnO 
NPs was found to be 95%. The synthesized ZnO NPs were evaluated against pathogenic bacteria Enterococcus faecalis and 
Pseudomonas aeruginosa and also tested on antifungal bacteria Aspergillus niger and Penicillium chrysogenum. Among 
these, gram-positive Enterococcus faecalis (14 mm) and Aspergillus niger (15 mm) were efficiently inhibited at a concentra-
tion of 10 µg/mL by synthesized NPs. The current work illustrates the revolutionary method of manufacturing green ZnO 
NPs using a new green source and its wide range of applications.

Keywords  Plant-mediated synthesis · Zinc oxide nanoparticles · Pollutant · Antifungal · Pathogenic bacteria

1  Introduction

Human health is now the primary determinant of human 
sustainability and continued development, and it is inti-
mately correlated with the availability of resources for 
clean water. There is a severe lack of safe drinking water, 
particularly in developing nations, as a result of several dan-
gerous substances seeping into freshwater bodies and the 
absence of affordable techniques for water filtration. Among 
all, synthetic dyes are seriously hazardous and major envi-
ronmental pollutants due to their solubility in water. In the 
toxicological dye chemistry, about 40,000 to 50,000 tons are 

discharged into water leading to water pollution. Crystal vio-
let is a synthetic cationic vibrant colored dye used in textile 
industries, staining agents in laboratories, and paints. Instead 
of many uses, it is carcinogenic, causes skin irritation [1], 
kidney failure, and permanent blindness, and damages 
mucous membranes and the gastrointestinal tract [2]. All of 
the researchers have found it quite difficult to come up with 
creative, environmentally friendly ways to remove the dyes 
from wastewater. It was discovered that nanomaterials were 
a potential material for wastewater dye removal. It was well 
recognized that these materials may be used in a variety of 
industries, including environmental remediation, biomedi-
cal, mechanical, pharmaceutical, electrical, bioengineering, 
biotechnology, and cosmetic [3, 4]. Nanotechnology plays a 
role in the efficient removal of organic dyes from contami-
nated water and the capacity to inhibit bacteria growth [5].

Nanotechnology has continuously progressed in pro-
ducing nanodevices using different chemical, physical, 
and biological methods. Particularly, plant-mediated bio-
logical methods are easily adaptable for the synthesis of 
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customized nanoparticles [6, 7] with various metal oxide 
nanoparticles like CuO, Fe3O4, NiO, and ZnO being syn-
thesized [8, 9]. Among all, ZnO NPs are prominent as 
they are used extensively in the field of food additives, 
packaging materials [10], solar cells, optoelectronic laser 
devices [11], gas sensors [12], pyroelectricity, lumines-
cent materials, pigments, UV shielding materials [13], and 
pollutant degradation [14] protective agents in sunscreen 
products and cosmetics [15]. It also has significant use 
in biological applications [16]. ZnO NPs synthesized by 
various researchers by using plant extracts are Brassica 
oleracea var. botrytis leaf extract [17], aqueous leaf extract 
of Dolichos Lablab [18], Moringa oleifera gum[19], Jat-
ropha podagrica leaf extract[ 20], and leaves of Elaeocar-
pus Sylvestris [21], Hardwickia binata leave extract [22], 
and pomegranate peel extract [23].

For the first time, a quick method using flowers from 
Murraya paniculata (L.) Jack (orange jasmine) has been 
established to prepare green ZnO NPs. Here, flower extract 
acts as a ligating agent. This plant family is Rutaceae, 
widely distributed from South Asia to Australia. These 
plant extracts are astringent and stimulating. Orange jas-
mine is used in traditional medicine in the treatment of 
headaches, abdominal pain, and dysentery [24]. Extensive 
research on this plant illuminated multiple pharmacologi-
cal effects including anti-nociceptive, antioxidant, anti-
diabetic, antimicrobial, antioxidant, and analgesic activi-
ties due to the presence of various natural compounds like 
coumarins, indole naphthoquinone alkaloids (murrapanine) 
[25], phenols, terpenoids and hexa methoxy flavonoids 
[26]. 3,5,7,3′,4′,5′-hexamethoxy flavone, and murray-
aculatine flavonoids were extracted from fresh flowers of 
Murraya paniculata (L.) Jack [27]. In a pioneering effort, 
ZnO NPs are successfully prepared using flower extract of 
Murraya paniculata (L.) Jack containing diverse phenolic 
and phytochemicals (act as ligating and enhanced stability) 
to achieve well-defined shapes and sizes. The diversifica-
tion is achieved by selecting new and unique plant sources 
for synthesizing nanoparticles without the use of harmful 
chemicals. The present flower extract Murraya paniculata 
(L.) Jack plant extracts allow additional advantages such as 
productivity, tailored for specific applications, and reduced 
cost. The key constituents present in the flower extract of 
Murraya paniculata (L.) Jack may play a key role in the 
bio-reduction of metal salt. The as-synthesized FM ZnO 
NPs were tested as photocatalysts for the degradation of 
crystal violet dye in aqueous solution. As the green source 
has various antimicrobial properties, the synergistic effect 
of green synthesized FM ZnO NP antimicrobial activity is 
evaluated against both gram-positive bacteria (Enterococ-
cus faecalis) and gram-negative bacteria (Pseudomonas 
aeruginosa) employing the agar well diffusion method.

2 � Materials and methods

Flowers of orange jasmine were collected from the botanical 
garden of the VSK Government Degree College, Visakhapa-
tnam, Andhra Pradesh, India. Zinc acetate dihydrate 
Zn(OOCCH3)2.2H2O (98% PURITY), sodium hydroxide 
(NaOH), and crystal violet (CV) from Merck in India were 
used without purification. Milli Q-water was utilized in these 
experiments.

2.1 � Orange jasmine flower extract preparation

Fresh flowers are collected and rinsed thoroughly with milli-
Q water. These flowers were then dried under shaded for 
18 days until completely dry. Dried flowers were ground well 
into a fine powder using a grinder. One gram of the powdered 
flower sample was placed in a 250-mL flask, and 100 mL of 
milli-Q water was added. This mixture was heated at 60 °C 
for 30 min, yielding a brilliant brown solution. The solution 
was filtered through Whatman grade 1 filter paper to elimi-
nate particulate matter, and the resultant solution was stored 
in a refrigerator at 4 °C for synthesis of FM ZnO NPs.

2.2 � Synthesis of ZnO NPs using flower extract 
of orange jasmine

During the synthesis, processing parameters such as pH, 
temperatures, and concentrations of flower extract and pre-
cursor are to be kept under consideration. In an established 
process, 0.2 g of Zn (CH3COO)2, 10 mL solution of 1% 
flower extract of Murraya paniculata (L.) Jack using water 
as a solvent, and 80 mL Milli-Q water were taken in a flask. 
Then the combination was agitated in a water bath and sub-
sequently heated to 70 °C for the time of 60 min which led 
to form a yellowish white–colored solution. Following this, 
1 M NaOH drop was added to complete the precipitation 
of FM ZnO NPs at pH 12. The resultant solution under-
went multiple washes and was subjected to centrifugation 
at 8000 rpm, and the white solid was formed after vacuum 
drying at 60 °C for 12 h shown in Fig. 1. A white precipitate 
was used for the characterization.

2.3 � Characterization of synthesized FM ZnO NPs

Synthesized FM ZnO NPs were characterized by various 
analytical techniques. An Instrument employed to assess the 
wavelength of FM ZnO NPs used a modal Schimadzu-2450 
double beam spectrophotometer (wavelength range of 
90–700 nm). FT-IR spectra of flower extract and FM ZnO 
NPs were characterized by FT-IR (Model, Make Bruker).  
An energy-dispersive spectrum (EDS) equipped with Zeiss 
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Ultra-60 modal (SEM) scanning electron microscopy was 
used to identify the elemental composition and morphol-
ogy. X-ray diffractometer (XRD) (functioning at 45 kV and 
40 mA made by PANalytical X’pert) patterns of FM ZnO 
NPs were observed. FM ZnO NPs were examined by the 
model FEITECNAI G2 S-Twin (TEM) transmission electron 
microscopy with an accelerating voltage of 200 kV utilized 
to determine the size and morphology of FM ZnO NPs. 
Pore size, pore volume, and surface area determined by N2 
adsorption–desorption of FM ZnO NPs were investigated by 
instrument quanta chrome Nova 2200E. The prepared FM 
ZnO NPs were tested on bacterial strains and fungal strains 
by well diffusion method.

3 � Results and discussion

The direct evidence for the formation of ZnO NPs is in 
Fig. 2. The UV–Vis absorption spectra of aqueous flower 
extract and FM ZnO NPs are in Fig. 2a; the aqueous flower 

extract of Murraya paniculata (L.) Jack has bands at 290 
and 340 nm, which are attributed to the occurrence of natu-
ral products in an orange jasmine extract. A well-defined 
absorption peak at 354 nm [28] points to the formation of 
ZnO NPs in Fig. 2b and is attributed to the efficient scatter-
ing and light absorption. The absence of flower extract peaks 
in the prepared NPs suggests the involvement of phytochem-
icals in the process of reduction and encapsulation [18].

The diffuse reflectance spectra of synthesized ZnO 
NPs are depicted in Fig. 3. The Kubelka–Munk equation 
was used to calculate the band gap value of ZnO NPs and 
found to be 3.22 eV which is near to bulk ZnO (~ 3.37 eV) 
[29] due to flower extract that modifies the surface of the 
nanoparticles.

The complete picture of the different functional groups 
and their structural information is given through the trans-
mittance intensities of Murraya paniculata (L.) Jack flower 
extract and prepared FM ZnO NPs in their FTIR spectra 
exhibited in Fig. 4.Figure 4 represents the FTIR spectrum 
of an aqueous flower extract and synthesized FM ZnO NPs. 

Fig. 1   Procedure for fabrication of FM ZnO NPs

Fig. 2   UV–Vis absorption of (a) flower extract of Murraya paniculata (L.) Jack, b synthesized FM ZnO NPs



	 Biomass Conversion and Biorefinery

The FTIR spectrum of the Murraya paniculata (L.) Jack, 
an aqueous flower extract, exhibited characteristic stretch-
ing frequencies at 3348, 2162, 1995, 1636, 1437, 1118, 
1042, 889, and 634 cm−1 respectively. The broad peak at 
3348 cm−1 is attributed to the OH stretching of phenolic 
compounds in flower extract. Carbonyl stretching in proteins 
causes the peak at 1636 cm−1, which can be the amide band 
of proteins. The presence of CO groups is indicated by the 
peaks at 1118 and 1042 cm−1 in Fig. 4a. The additional peak 
at 580 was observed in Fig. 4b of FM ZnO NPs due to the 
vibration of Zn–O and also occur shifting of peaks in FM 
ZnO NPs [30].

Figure 5 represents the XRD spectra of ZnO. X-ray dif-
fraction peaks obtained at 31.79°, 34.41°, 36.21°, 47.45°, 
56.56°, 62.81°, 66.35°, 67.94°, 69.08°, 72.56°, and 76.95° 
correspond to (100), (002), (101), (102), (110), (103), (200), 
(112), (201), (004), and (202) planes that confirmed the 
presence of ZnO NPs [31]. The XRD results for fabricated 
NPs well agreement with standards (JCPDS No. 36–1451). 
The robust crystalline structure is evidenced by well-defined 
narrow peaks; the absence of other peaks shows the purity of 

the NPs. D = kλ/βcosθ Scherrer equation was used to deter-
mine the grain size. Here, D stands for the crystal size, λ rep-
resents the wavelength of X-ray radiation (λ = 0.15406 nm) 
for Cu Kα, k is the shape factor (typically taken as 0.9), β 
corresponds to the full width at half maximum (FWHM), 
and θ represents the diffraction angle. The computed average 
crystallite size of the NPs is 28.7 nm.

FESEM images showed the hexagonal surface morphol-
ogy of ZnO NPs pictured in Fig. 6a–b. Notice that most 
of the ZnO NPs have a large surface area and are highly 
agglomerated which is typical in green synthesis. The 
energy dispersive X-ray spectrum (EDS) depicted in Fig. 6c 
provides valuable information about elemental composition 
detected at specific signals of zinc atoms at 1 keV, 8.7 keV, 
and 9.6 keV along with the single peak of oxygen atom at 
0.5 keV in the ZnO NPs.

TEM images depicted in Fig. 7a–b confirmed the shape 
and average size of synthesized FM ZnO NPs that were 
found to be hexagonal morphology with a size of 57.21 nm 
which was calculated by ImageJ through that histogram 

Fig. 3   UV-DRS spectrum of fabricated FM ZnO NPs

Fig. 4   a FTIR spectrum of Murraya paniculata (L.) Jack flower powder and (b) FTIR spectrum of FM ZnO NPs

Fig. 5   Powder XRD patterns of synthesized FM ZnO NPs
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being established shown in Fig. 7d. Here, the particle size 
is greater than calculated crystallite size from XRD. Ring-
like patterns are shown in Fig. 7c by SAED (selected area 
diffraction) indicating nanocrystalline nature [32].

The oxidation states and chemical composition of the ele-
ments of FM ZnO NPs were analyzed by XPS. As can be 
seen in Fig. 8a, the entire spectrum confirmed the presence 

of FM ZnO NPs capped by organic moieties, which coin-
cides with the EDS findings. For the composition and sur-
face electronic structure of FM ZnO NPs, X-ray photoelec-
tron spectroscopy was employed. The peaks of Zn, O, and 
C elements in the XPS spectrum can be clearly observed. 
The detected C 1 s peak originates from the flower extract 
of carbon species capped on the samples.

Fig. 6   a, b FESEM micrograph of green synthesized FM ZnO NPs in different magnifications, c EDS spectrum of synthesized FM ZnO NPs

Fig. 7   a, b TEM images, c 
SAED pattern, d histogram of 
the size distribution of synthe-
sized FM ZnO NPs
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As reported in above Fig. 8a, the survey on XPS spec-
trum shows prominent peaks due to the presence of Zn 2p3/2 
(1021.8 eV), Zn 2p1/2 (1044.6 eV), Zn 3 s, Zn 3p, and Zn 
3d, core levels recognized along with other characteristic 
peaks of the O 1 s (530 eV) shown in Fig. 8b and C 1s 
(284.60 eV) levels. The spin orbit splitting between Zn 2p3/2 
(1021.8 eV) and Zn 2p1/2 (1044.6 eV) was reported for pho-
toelectrons excited from Zn+2 ions in the ZnO crystal lattice. 
All these binding energies are well agreed [33].

BET surface technique was used to investigate the surface 
structure of synthesized FM ZnO NPs. The results of BET 
in Fig. 9 suggest pore diameter, surface area, and pore vol-
ume, and the synthesized FM ZnO NPs were determined to 
be 1.66 nm, 5.84 m2/g, and 0.0205 cm3/g, respectively. The 
adsorption–desorption isotherm shows type IV indicates the 
mesoporous structure and maximum relative pressure (P/
P0); about 4.80 m2/g of nitrogen was adsorbed that provides 
slit-shaped pores [34].

3.1 � Plausible mechanism for the synthesis of FM 
ZnO NPs

The murayyaculatine present in an aqueous flower extract 
of Murraya paniculata (L.) Jack acted as a ligating agent 

during the synthesis of FM ZnO NPs. Murrayaculatine con-
tains –COO− group acted as a capping agent as shown in 
Fig. 10.

3.2 � Photocatalytic degradation of crystal Violet 
(CV)

Initially, synthesized FM ZnO NPs were used for blank 
experiments that were carried out without irradiation and 
showed no removal of CV dye. Additionally, there was no 
degradation observed without the catalyst in UV–visible 
light. The impact of pH, catalyst dosage, and concentration 
of the dye on the photodegradation of CV was explored in 
this study.

FM ZnO NP solution containing dye varied the pH 
between 3 and 11. The mixture solution was subjected to 
stirring for 30 min. After every 30 min, 5 mL of aliquots was 
taken and analyzed by UV–Vis spectroscopy. The absorb-
ance data presented in Fig. 11a showed that significant deg-
radation of the rate of CV was maximum at pH = 10. The 
optimum catalyst dosage can be determined by altering the 
FM ZnO NP quantity from 25 mg, 50 mg, and 75 mg in CV 
dye solution. As expressed in Fig. 11a–d, it was observed 
that degradation is maximum at 75 mg. This increases the 
number of hydroxyl radicals, and more number of dye pol-
lutants get adsorbed on the catalyst surface which finally 
enhances the rate of photocatalytic degradation. But beyond 
75 g of catalyst dosage, the photocatalytic activity decreased 
due to an increase in turbidity of solution due to which 
penetration of light is restricted after this maximum; the 
absorption intensity of CV solution at 664 nm decreased 
as the reaction time progressed. Figure 11b indicates the 
plot between the Ct/Co of CV dye and time “t” (min). The 
kinetics of the photocatalytic degradation of CV could be 
described by pseudo-first-order kinetics and kinetic param-
eters shown in Table 1.

Various CV dye concentrations with increments of 5 
(5,10, 15 mg/L solution) on the removal efficiency of FM 
ZnO NPs (75 mg) at pH = 10 were investigated. Table 2 
shows the UV–Vis absorption spectra of 5  mg/L to 

Fig. 8   XPS spectra of synthe-
sized FM ZnO NPs

Fig. 9   BET plot for synthesized FM ZnO NPs
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15 mg/L CV solution at different time intervals. The inten-
sity of the CV solution maximum at 590 nm and decreased 
as the reaction time was progressed. The percentage (%) of 
degradation of 5 mg/L, 10 mg/L, and 15 mg/L CV by FM 
ZnO NPs was found to be 94.92%, 91.75%, and 82.56% 

respectively. The photocatalytic degradation kinetics of 
CV are described by pseudo-first-order kinetics.

(1)In
(

C
t
∕C

0

)

= −kt

Fig. 10   Plausible reduction 
mechanism for the formation of 
FM ZnO NPs
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 where “C0” is the concentration of CV without FM ZnO 
NPs, “Ct” is the concentration of CV with FM ZnO NPs at 
different time intervals, and k is the first-order rate constant. 
The degradation efficiency of the as-prepared FM ZnO NPs 
was compared with that of recently reported ZnO NPs in 
Table 3.

In the mechanism of the photocatalytic degradation of CV, 
the ZnO NPs are irradiated with a UV-light source leading to 
the formation of electron–hole pairs (e−  + h+). Electrons (e−) in 
the conduction band are scavenged by oxygen (O2) molecules 
leading to the formation of superoxide anion • O2

− and simulta-
neous protonation produces OOH • radicals. In the further steps, 
holes (h +) in the valence band react with either H2O or OH− to 
produce an active species such as hydroxyl radicals OH• and 
superoxide anion •O2

−, or highly active OH• radical oxidizes 
CV dye to form CO2, H2O, and nontoxic products (Fig. 12).

3.3 � Antibacterial efficacy

The antimicrobial efficacy of FM ZnO NPs was carried 
out against pathogenic organisms such as MTCC 439 
Enterococcus faecalis and MTCC 424 Pseudomonas aer-
uginosa with nutrient agar medium in agar well diffusion 
method. Sterilize the medium and seed with the respec-
tive strains of bacteria and aseptically transfer them into 
each petri dish. The FM ZnO NPs were freshly dissolved 
in distilled H2O and put to the tests with standard (cipro-
floxacin, 5 µg/mL) and varying concentrations of 10 µg/

mL, 5 µg/mL, and 2.5 µg/mL were used and introduced in 
petri dishes containing strains. The results of these tests 
were run in triplicate, and the mean and standard devia-
tion were calculated. The activity diameter of the zone 
of inhibition was determined for each of the previously 

Table 1   Calculated kinetic parameters from photocatalytic degrada-
tion of CV dye at different amounts of the catalyst FM ZnO NPs at 
constant pH = 10

S. no Amount of the 
catalyst FM 
ZnO NPs (mg)

Calculated 
rate constant 
(min−1)

Value of R2 Time for pho-
todegradation 
(min)

1 25 0.00995 0.9944 90
2 50 0.0172 0.9991 90
3 75 0.02372 0.9995 90

Table 2   The kinetic parameters obtained from photocatalytic degra-
dation of different concentrations of CV dye using a constant amount 
of 75 mg of FM ZnO NPs at pH = 10

Sample 
number

Concentra-
tion of CV dye 
(mg/L)

Calculated 
rate constant
(min−1)

R2 value Time for 
completion of 
photodegrada-
tion (min)

1 5 0.03318 0.9837 90
2 10 0.02041 0.9938 90
3 15 0.01186 0.9957 90

Table 3   Comparison of the photocatalytic degradation of ZnO NPs in the present work with previous works

Green materials Dye Light source Irradiation time 
(min)

Degradation effi-
ciency (%)

Reference

Murraya paniculata (L.) Jack extract Crystal violet UV light 90 94.92 Present work
Sageretia thea aqueous extract Crystal violet UV light 8 h 40.65 [35]
Delonix Elata leaf extract Crystal violet UV light 90 86 [36]
Moringa oleifera peel extract Crystal violet UV light 70 94 [37]

Fig. 12   Schematic diagram 
for the possible photocatalytic 
mechanism of  FM ZnO NPs 
towards CV dye degradation
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stated samples using the HiMedia antibiotic zone scale, 
as shown in Fig. 13. Table 4 shows the observations and 
findings.

It is evident from Table 4 that the inhibition was dose-
dependent. As indicated in Table 3, the test findings 
were expressed as means and standard deviation (SD) 
of the zone of inhibition values. From these values, it 
is evident that for both bacterial strains, FM ZnO NPs 
did not exhibit a zone of inhibition at a dose of 2.5 µg/
mL. Similarly, FM ZnO NPs do not show activity against 
Pseudomonas aeruginosa, and 12.67 ± 0.58 mm against 
Enterococcus faecalis at 5 µg/mL concentration. Both 
strains have shown significant zone of inhibition values 
as 11 ± 0.58 mm and 14.67 ± 0.58 mm at 10 µg/mL. These 
values conclude that MIC (minimum inhibitory concen-
tration) values for the FM ZnO NPs against Pseudomonas 
aeruginosa and Enterococcus faecalis were 5 µg/mL and 
10 µg/mL respectively. Two bacterial strain outcomes 
demonstrated that FM ZnO NPs exhibited potent anti-
bacterial activity.

3.4 � Antifungal activity

The antifungal activity of FM ZnO NPs was investigated 
against pathogenic organisms MTCC 282 Aspergillus niger 

and MTCC 5108 Penicillium chrysogenum by agar-well dif-
fusion method. Sterilized potato dextrose agar medium was 
seeded with the respective strains transferred aseptically in 
a petri dish. The FM ZnO NPs were freshly dissolved with 
distilled H2O and carried out at varied concentrations (1, 2, 
and 3). The samples and standard (fluconazole) were placed 
in a 6 mm diameter well of petri plates and were incubated 
at 28 ± 3 °C for about 24 h. The activity diameter was meas-
ured using the HiMedia antibiotic zone scale and inhibition 
zone results depicted in Table 5 and inhibition shown in 
Fig. 14.

It revealed that the inhibition was concentration-depend-
ent. Table 3 exhibits the test results in means and standard 
deviation (SD) of the zone of inhibition values. From these 
values, it is evident that both organisms exhibited equal val-
ues of zone of inhibition at a dose of 2.5 µg/mL. Similarly, 
FM ZnO NPs showed zone of inhibition value is 11 ± 0.58 
against Aspergillus niger and 12.67 ± 0.58 value against 
Penicillium chrysogenum at 5 µg/mL concentration. Both 
strains have shown significant zone of inhibition values as 
15.67 ± 0.58 mm and 11.67 ± 0.58 mm at 10 µg/mL. These 
values declared that MIC (minimum inhibitory concentra-
tion) values for the FM ZnO NPs have the same value as 
2.5 µg/mL for both organisms. The outcomes demonstrated 
that FM ZnO NPs exhibited efficient antifungal activity.

Fig. 13   Antibacterial activ-
ity of synthesized FM ZnO 
NPs against (a) gram-negative 
bacteria and (b) gram-positive 
bacteria

Table 4   Inhibition values of FM 
ZnO NPs against bacteria stains

Test organism FM ZnO NPs Ciprofloxacin (standard)

Con. (µg/mL) 10 5 2.5 5
Pseudomonas aeruginosa 11 ± 0.58 0 0 38.67 ± 0.58
Enterococcus faecalis 14.67 ± 0.58 12.67 ± 0.58 0 38 ± 1.0

Table 5   Inhibition values from 
the antifungal activity of FM 
ZnO NPs

Test organism FM ZnO NPs Fluconazole (standard)

Con. (µg/mL) 10 5 2.5 5
Aspergillus niger 15.67 ± 0.58 11 ± 0.58 9 ± 0.58 14.67 ± 0.58
Penicillium chrysogenum 11.67 ± 0.58 12.67 ± 0.58 9 ± 0.58 30 ± 1.0
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4 � Conclusion

In this study, an aqueous flower extract of Murraya panicu-
lata (L.) Jack has alkaloids, phenolic acid, flavonoids, tan-
nins, terpenoids, and carbohydrate active functional groups 
which act as ligating to the formation of NPs. The synthe-
sized NPs were characterized by different analytical tech-
niques which conformed to the Zn–O bond, hexagonal shape 
of NPs, the average size of 57 nm, and high crystallinity. 
The band gap value of FM ZnO NPs is found to be 3.22 eV. 
The observed H4 type hysteresis loop of surface area was 
5.84 m2/g eased by the BJH method. Catalytic and antibac-
terial application of as-synthesized ZnO NPs was reported. 
The synthesized NPs have more potential for photocatalytic 
activity towards CV dye removal from 94.92% within 90 min 
and followed first-order kinetics. It is observed that potent 
antibacterial efficacy towards gram-positive Enterococcus 
faecalis than gram-negative Pseudomonas aeruginosa. In 
addition to that, efficient anti fungal activity against Asper-
gillus niger was achieved using 10 μg/ml and 5 μg/ml con-
centrations of synthesized nanoparticles. The novel plant 
extracts allow additional advantages such as productivity, 
tailored for specific applications, and reduced cost. In this 
present research, synthesized ZnO NPs showed outstanding 
adsorption for eliminating crystal violet dye and moderately 
inhibited the growth of gram-positive, gram-negative, and 
anti-fungal microbes.
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Short communication 

Facile green fabrication of magnetite nanoparticles using an aqueous flower 
extract of Murraya paniculata (L) Jack for an efficient removal of organic 
dye pollutant, antibacterial activities 

J. Laxmi Mangamma a,b,*, Keloth Basavaiah a 
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A B S T R A C T   

This article reports, the plant-mediated synthesis of Magnetite nanoparticles achieved by utilising an aqueous 
flower extract of Murraya paniculata (L) Jack (FMPM NPs). The active compounds are phenols, alkaloids, fla
vones and terpenoids in the aqueous flower extract of Murraya paniculata act as ligating agents to synthesize 
novel green superparamagnetic magnetite nanoparticles by the coprecipitation method. As prepared FMPM NPs 
have been characterized by a range of spectroscopic and microscopic techniques. All spectroscopic and micro
scopic results confirmed the occurrence of pure FMPM NPs. Fourier transform-infrared spectroscopy (FTIR) 
shows the presence of a Fe-O bond and the band gap was found to be 2.57 eV for FMPM NPs. The surface area of 
the synthesized nanoparticles was 70.31 m2/g evaluated by BET analysis. The elemental analysis has been 
performed by the XPS technique. The XRD pattern revealed the crystal size of 14.12 nm of FMPM NPs. TEM 
images show the spherical shaped FMPM NPs with an average particle size of 11.58 nm. SEM results clearly show 
spherically shaped FMPM NPs. The superparamagnetic character of FMPM NPs is revealed by the VSM curve and 
saturation magnetization (Ms) value of 58 emu/g. FMPM NPs used for photocatalytic activity, tested against 
gram positive, gram negative and antifungal bacteria. As prepared FMPM NPs. showed 93 % removal efficiency 
of Fast sulphon black-F dye pollutant. Moreover, FMPM NPs efficiently inhibit the growth of Enterococcus 
faecalis and Penicillium chrysogenum. The current research is for the fabrication of magnetite nanoparticles 
utilising novel green source and examining their applications.   

1. Introduction 

Recent past, synthesis and applications of functional metal oxide 
[1,2], mixed metal oxides [3,4] and nano composites [5,6] have 
received great importance owing to their unique physio-chemical, 
electrical, thermal, and optical properties than their bulk counterpart 
because of their high surface area and small size [1]. Especially, 
superparamagnetic metal oxide nanoparticles, with small size and 
aggregate free nanoparticles have been employed for biomedical ap
plications [2]. Among, all the superparamagnetic metal oxide nano
particles, the magnetite nanoparticles (Fe3O4 NPs) have emerged as a 
potential material for biomedical, catalysis, high density storage and 
optoelectrics applications [2]. 

Many approaches have been adopted for the fabrication of size and 
shape-controlled Fe3O4 NPs such as hydrothermal, microemulsion, sono 

chemical, solvothermal, electrochemical, co-precipitation, and sol–gel 
techniques [7–13]. These were not suitable for biomedical applications 
due to the use of dangerous chemicals like sodium borohydride, toluene 
and dimethyl formamide. Therefore, it is highly required to synthesize 
Fe3O4 NPs via green synthetic approaches utilising biological materials 
such as fungi, bacteria, yeast and plant extracts. However, the synthesis 
of nanoparticles using fungi, and bacteria have limitations such as 
handling of microbes and large-scale industrial production [14]. Among 
all biological synthetic approaches, the plant mediated synthesis has 
emerged as a potential approach due to its simple, green, facile, cost 
effective, large scale industrial production and suitability for biomedical 
applications. 

Moreover, in plant mediated synthesis of nanoparticles, phyto
chemicals present in plant extracts can act as both reducing and ligating 
agent for the preparation of size, shape controlled and aggregate free 
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Fe3O4 NPs. Furthermore, these NPs are synthesized without using an 
external oxidizing and reducing agents. The active biomolecules capped 
Fe3O4 NPs have enhanced biomedical activities than conventionally 
prepared Fe3O4 NPs [15]. This is due to the synergetic effect of Fe3O4 
NPs and bioactive molecules in the plant extracts. Numerous plant ex
tracts have been employed for the preparation of Fe3O4 NPs are Jatropha 
podagrica aqueous leaf extract [16] Chlorella vulgaris extract [17] 
aqueous leaf extract of Elaeocarpus Sylvestris [18], aqueous leaf extrac
t Zanthoxylum armatum DC [19], pod extract of Dolchos lablab L [20], 
Rhus coriarja seed extract [21], Prunus serrulate leaf extract [22], 
Menthapulegium L.leaf extract [23] and pomegranate leaves extract 
[24] (see Tabel 1). 

Murraya paniculata (L) Jack is a family of Rutaceae [25] and is 
cultivated in gardens for smelling flowers [26]. It is available in India 
and employed as an herbal medicine to treat dysentery, cough and 
diarrhoea. The phytochemical studies reveal that Murraya paniculata 
contains alkaloids, flavonoids, essential oils and coumarins [27]. 
Recently, published an article by use of this flower extract for the 
preparation of ZnO nanoparticles [28]. With this awareness, the 
research aimed to adopt an eco-conscious method for the preparation of 
magnetite by utilising the flower extract of Murraya paniculata (L) Jack. 
Moreover, the diverse phytochemicals present in plant extract played a 
role in the formation of stabilised nanoparticles. Maximising to inves
tigation of the capabilities of different plant species is essential to syn
thesising nanoparticles of additional advantages like enhancing yield, 
ease of synthesis, scalability, rapid, cost-effective, size, and morphology 
are specialised properties suitable for specific applications. Here, 
aqueous plant extracts are used due to biocompatibility, nontoxic sol
vent and preserves bioactive compounds [29]. We report for the first 
time the synthesis of FMPM NPs utilising flower extract of Murraya 
paniculata (L) Jack for an efficient removal of organic dye pollutant and 
antimicrobial activities. FMPM NPs were also investigated against 
Enterococcus faecalis, Pseudomonas aeruginosa, Aspergillusniger and 
Penicilliumchrysogenum. 

2. Experimental methods 

2.1. Chemicals and reagents 

All analytical grade chemicals i.e, Ferrous sulphate heptahydrate, 
Ferric chloride hexa hydrate, Ammonia, Millie Q water, Ethanol, and 
Fast Sulphon black-F (FSB) were from Merck utilized for these experi
ments. Murraya paniculata flowers were collected from Dr V. S. Krishna 
Government Degree College, Botanical Garden Visakhapatnam, Andhra 
Pradesh, India. Sources of strains Enterococcus faecalis, Pseudomonas 
aeruginosa Aspergillusniger, Penicilliumchrysogenum collected from 
IMTECH, Chandigarh, India. 

2.2. Preparation of an aqueous flower extract of Murraya paniculata 

Murraya paniculata flowers were collected from plant, then washed 
with water and shade dried for 20 days. Dried flowers were grounded 
into fine powder stored in an airtight container for further use. Prepared 
1 % aqueous flower extract, and 1 g of flower powder taken in Erlen 
Meyer flask.100 mL distilled water was added and heated at 60◦ for 20 
min. The extract was subsequently cooled and filtered through Whatman 
paper shown in Fig. 1 resulting filtrate was preserved at 4 ◦C for the 
preparation of magnetite nanoparticles. 

2.3. Preparation of Fe3O4NPs using an aqueous flower extract of 
Murraya paniculata 

In this process, optimised temperature, pH levels, concentration of 
flower extract and concentration of precursors. With an established 
procedure, FMPM NPs were prepared by co-precipitation method by 
utilising an aqueous flower extract of Murraya paniculata. In the stan
dard procedure, dissolving 2:1 M ratio of FeCl3⋅6H2O (0.11 g) and 
FeSO4⋅7H2O (0.556 g) in 90 mL of distilled water and subjected to 10 
min of stirring. Then heated to 80 ◦C with constant stirring for 10 min. 
Afterwards, 10 mL of a 1 % aqueous flower extract of Murraya paniculata 
was introduced to the mixture and it proceeded at 80 ◦C for 30 min 
under continuous stirring. Finally,7 mL of 25 % ammonia was added 
slowly and pH adjusted to 10. The mixture solution was turned into a 
black precipitate which indicates the formation of FMPM NPs. The 
FMPM NPs precipitate was separated by external magnetite washed 
periodically with ethanol and Milli-Q water and finally dried. 

2.4. Characterization of FMP Fe3O4 NPs 

Various techniques have been used to characterise the synthesised 
FMPM NPs. A SCHIMADZU-2450 (Make, SCHIMADZU, Japan) double 
beam spectrophotometer of the wavelength range of 190–700 nm was 
used to measure FMPM NPs made from Murraya paniculata (L) Jack 
flower extract. The FT-IR spectra of Murraya paniculata (L) Jack extract 
and FMPM NPs were carried out by utilising an FT-IR spectrophotometer 
(Model, Make Bruker). Scanning Electron Microscopy (SEM), (FE-SEM, 
Zeiss Ultra-60) with an energy dispersive spectrum (EDS), as well as a 
PANalyticalX’pert X-Ray Diffractometer (XRD) performed at 40 mA and 
45 kV, the morphology and elemental analysis of produced FMPM NPs 
were studied. Transmission electron microscopy (TEM model FEI TEC
NAI G2 S-Twin) with a 200 kV accelerating voltage was used to deter
mine the size and morphology of FMPM NPs. To determine the magnetic 
characteristics of FMPM NPs, a Vibrating sampling magneto meter 
(VSM) was used (Lake Shore Cryotronics, Inc., Idea-VSM, model 7410, 
USA). Thermogravimetric/differential thermal analysis (TGA deriva
tive) was used to examine the FMPM NPs thermal characteristics 
(NETZSCH STA 449 F3 Jupiter). Prepared FMPM NPs were investigated 
against two bacteria and also against two fungi (MTCC 439) Enterococcus 
faecalis, (MTCC 424) Pseudomonas aeruginosa and also against two fungi 
Aspergillus niger (MTCC 282) Penicillium chrysogenum (MTCC 5108). 

3. Results and discussion 

UV–Vis spectral investigation confirms the formation and stability of 
FMPM NPs in an aqueous colloidal solution. Fig. 2a shows that the peaks 
at 290 nm and 341 nm were found in an extract of Murraya paniculata (L) 
Jack and the highest absorbance band was located at a wavelength of 
355 nm indicating that FeCl3 had been reduced to FMPM NPs. Fig. 2b 
shows the band gap at 2.57 eV. 

Murraya paniculata (L) Jack extract was subjected to FT-IR analysis to 
identify the functional groups and forecast their role in the formation of 
FMPM NPs. The FT-IR spectra of an extract of Murraya paniculata (L) 
Jack is depicted in the figure (Fig. 2c). The significant absorption band at 
3348 cm− 1 is attributed to the alcohol and phenolic compound O–H 

Table 1 
Study of magnetite nanoparticles with literature.  

Plant extract Average 
particle size 
(nm) 

Crystallite 
size 

Structure Reference 

Murraya 
paniculata (L) 
flower 

14.12 11.58 Spherical Present 
work 

Jatropha podagrica 
leaves 

15.57 14.10 Hexagonal 
Cubic and rod 
shaped 

[16] 

Zanthoxylum 
Armatum DC 
leaves 

17 20.7 Spherical [19] 

Sargassum 
Muticum 

18 17–25 Spherical [14] 

Pomegranate 
leaves 

45–60 56 Spherical [24]  

J. Laxmi Mangamma and K. Basavaiah                                                                                                                                                                                                   



Inorganic Chemistry Communications 162 (2024) 112290

3

stretching band. The peak at 1636 cm− 1 is due to CO stretching groups in 
ketones, aldehydes, and carboxylic acids in plant extracts [30]. The 
Fe–O band is characteristic of the production of FMPM NPs, which has 
absorption bands ranging from 418 to 549 cm− 1 [31]. 

The XRD patterns of FMPM NPs are shown in Fig. 3a. The diffraction 
peaks observed indices are (022), (122), (025), (210), and (230). The 
planes are responsible for the peaks at θ = 30.1000, 35.4700, 43.1400, 
57.1200, and 62.5700, respectively. All the peaks of XRD are clearly in 
line with the reported JCPDS file no. 89-6466 and can be indexed to XRD 
results clearly shows that formation and there were no impurity peaks 
found [32]. Pure FMPM NPs with Orthorhombic structure. The Debye- 
Scherrer equation D = K / Cos θ [12]. was used to compute the crystal 
size of 14.12 ± 0.02 nm of the produced nanoparticles. An XRD pattern 
shows that the bio-route iron oxide nanoparticles are crystalline. 

A VSM technique was used to analyse the magnetic behaviour of 
synthetic FMPM NPs made with an aqueous flower extract of Murraya 

paniculata (L) Jack. Fig. 3b shows the magnetization curve for the pro
duced FMPM NPs. With a saturation magnetization (Ms) value of 
(0.5831) 58 emu/g at room temperature, the magnetization curve dis
plays superparamagnetic behaviour with a sigmoidal shape and no 
hysteresis loop [33]. 

In the TGA/DTA study, when heated from 40 to 750 ◦C the FMPM 
NPs produced with an aqueous flower extract of Murraya paniculata (L) 
Jack lost 10 % of their weight overall. There were two stages to the 
weight loss process. At 40 to 170 ◦C, surface water and volatile com
ponents were removed from the nanoparticles (2.7 % loss). Weight loss 
of 7.30 percent was recorded in the second phase from 170 to 750 ◦C as 
shown in Fig. 3c which showed that biomolecules around the nano
particles degraded rapidly [34,35]. 

Pore volume and surface area of FMPM NPs were determined using 
liquid nitrogen temperature, N2 adsorption and desorption isotherms 
with exact pore size determination (Brunauer-Emmett-Teller, BET). The 

Fig. 1. A Murraya paniculata flower b Dried grounded flower powder of Murraya paniculata c. Aqueous extract of Murraya paniculata flower powder.  

Fig. 2. A. UV–Visible Spectra of Murraya paniculata (L) Jack flower aqueous extract and FMPM NPs. b. UV–Vis diffuse reflectance (%R) spectra of FMPM NPs. c. 
FTIR spectra of FMPM NPs. 
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graphs of BET analysis are shown in Fig. 3d. TYPE IV indicates meso
porous adsorption–desorption isotherm is seen for the produced iron 
oxide nanoparticles [36]. The surface area, pore volume, and pore 
diameter of the synthesised FMPM NPs were determined to have a large 
surface area of 70.31 m2/g, 0.27 cm3 /g, and 3.35 nm, respectively. The 
adsorption–desorption isotherm shows that at maximum relative pres
sure (P/P0), about 76.01 cm3/g of nitrogen was adsorbed which shows 
slit-shaped pores [37]. The hysteresis pattern reveals that the 

condensation took place between a value of 0.5 and a value of 0.99. 
To determine more about the morphology of FMPM NPs, FE-SEM and 

TEM were used. FE-SEM images are shown in Fig. 4 (a-c), showing the 
FMPM NPs indicating uniformly dispersed small spherical-shaped par
ticles as well as intriguing rod-shaped particles. 

The elemental composition and stoichiometry of the produced 
FMPM NPs were determined by EDS analysis, as shown in Fig. 4 d. The 
presence of elemental Iron (Fe) and Oxygen (O)confirms the formation 

Fig. 3. A XRD powder diffraction pattern b. Room temperature magnetization curve c. TGA and derivative TGA d. Brunauer–Emmett–Teller (BET) surface area 
analysis plot of FMPM NPs. 

Fig. 4. A-c SEM images at different magnifications and d. EDX spectrum of FMPM NPs.  
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of FMPM NPs [20]. The presence of additional Carbon peaks in the EDS 
spectrum ascribed that the phytochemicals act as capping agents for 
FMPM NPs. 

TEM images Fig. 5 clearly reveal that the spherical shaped FMPM 
NPs with average size of 11.58 nm. FMPM NPs show a ring-like 
diffraction pattern which demonstrates (Fig. 5e) the polycrystalline 
nature. 

XPS spectrum of prepared FMPM NPs. seen in Figure Fig. 6. As re
ported above Fig. 6a, shows wide scan XPS spectra. In contrast, the Fe2p 
XPS spectrum depicts a prominent peak at 708 eV in Fig. 6b, which 
corresponds to the FMPM NPs generated utilising the green synthesis 
method including extracts from Eichhorniacrassipes [38], Magneto
spirillummagneticum Strain RSS-1 [39], and agro-waste [40]. The XPS 
spectra of FMPM NPs are shown in Fig. 6 b, spectral lines at 708 eV 
correspond to Fe2+ and Fe3+ [41]. 

Iron exhibits peaks in the energy range of about 706 to 708 eV, hence 
the absence of these peaks demonstrates the purity of magnetite nano
particles. Fig. 6 (c-d) of O(1 s) peaks observed at 533.3 eV corresponds 
to O–H and C–O bonds and peaks detected at 283 eV signature peak in 
the Murraya paniculata (L) Jack flower extract could be attributed to 
C––O linkage in the phenyl ring of biomolecules. The presence of Fe2p 
and O(1 s) indicates a Fe-O bond in magnetite nanoparticles. The out
comes are in line with those obtained by employing mango peel extract 
to generate iron nanoparticles [38]. 

3.1. Plausible mechanism for synthesis of FMPM NPs 

The green source, Murraya paniculata (L) Jack flower has been found 
to contain 60 different chemicals. Chemical components of the flower 
were discovered by chromatographic methods, and their structures were 
clarified by spectroscopic methods [42]. The Murraya paniculata (L) Jack 
flower has a flavone called 3,5,7,3′,4′,5′- hexamethoxyflavone [43]. Root 
bark and flower extracts of Murraya paniculata (L) Jack produced the 
indole alkaloids murrayacarine and murrayaculatine [44]. Eight flavo
noids were found in M. paniculata leaves [45]. 

Fig. 7 depicts a potential process for the generation of FMPM NPs 
utilising the flower extract Murraya paniculata (L) Jack. It’s composed of 
Murraya paniculata (L) Jack aqueous flower extract, Fe (II) and Fe (III). 

3.2. Investigation of antimicrobial activity of FMPM NPs 

The Agar well diffusion method was used to test the antibacterial 
activity of FMPM NPs by employing 24 h cultures with medium 
(Nutrient Agar) in an autoclave set to 120 ◦C. Each sterilised petri dish 
was filled with 20 mL of the medium, which had been seeded aseptically 
with the strains of bacteria for that dish. Various amounts of the test 
substances were tested after they had been reconstituted with the sol
vent. Samples, distilled water, and Ciprofloxacin were all put into a well 
with a diameter of 6 mm. A petri dish was kept at 37 ◦C for 12 h. As a 
positive control, used a standard solution that had 5 μg/mL in it. The 
HiMedia antibiotic zone scale was used to figure out the zone (Table 2). 

The Agar well diffusion method was carried out to determine the 
antifungal activity of FMPM NPs by employing 24 h cultures with me
dium (Potato Dextrose Agar). This was sterilized by autoclaving at 
120 ◦C (15 psi) for 30 min. Then medium with fungi strains was asep
tically transferred into the sterilized petri dish. The FMPM NPs were 
freshly soluble in distilled water and tested at different concentrations 
along with standard (Fluconazole) were placed in a 6 mm diameter well 
and Results are represented in Table 3. 

The antimicrobial activity of the FMPM NPs were concentration 
dependent, the inhibition activity increase in concentration and the 
activity was also increased (Fig. 8) which is compared with standard 
antibiotic Ciprofloxacin. The FMPM NPs showed a moderate zone of 
inhibition (ranging 10 − 15 mm) against the tested pathogens at 2.5, 5 
and 10 μg/mL concentrations. FMPM NPs inhibition (ranging 10–15 
mm) was observed at 2.5 μg/mL for gram positive concentration of iron 
oxide nanoparticles. 

Similarly, the inhibition activity of the FMPM NPs was compared 
with standard Fluconazole. The FMPM NPs showed moderate to high 
zones of inhibition (ranging from 9 to 26 mm) observed for pathogens at 
2.5, 5 and 10 μg/mL concentrations. Inhibition (ranging 11–26 mm) was 
observed at 10 μg/mL of FMPM NPs. 

3.3. Removal of Fast sulfan black F from contaminated water by using 
FMPM NPs 

Contaminated water containing FSB removed by FMPM NPs. 

Fig. 5. A-d TEM images e SAED pattern and f Size distribution histogram of FMPM NPs.  
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Removal efficiency was investigated by varying dye, FMPM NPs con
centrations and pH. Langmuir and Freundlich adsorption isotherms 
were used as model equilibrium adsorption isotherms, results from two 
typical kinetic models were examined for improved understanding of 
the adsorption process. 

3.4. Effect of FSB concentration 

It is note that the effect of FSB concentration is dependent on the 
close relationship between dye concentrations and porous nature of 
FMPM NPs surface. The FSB dye was made at various doses (5, 10, 15, 
and 20 mg/L). 50 mg of FMPM NPs were added to the dye solution and 

Fig. 6. XPS spectra of synthesized FMPM NPs.  

Fig. 7. A proposed mechanism of synthesized FMPM NPs.  
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the mixture was agitated until equilibrium was reached. A UV–Visible 
spectrophotometer was used to measure the amount of dye that 
remained after centrifugation. As the original dye concentration was 
increased, the dye removal effectiveness declined. This could be because 
the adsorption sites on the FMPM NPs surface were saturated [46] as 
shown in Fig. 9a. 

3.5. Effect of pH 

When it comes to the adsorption of FSB on the surface of FMPM NPs, 
it was decided to test the influence of pH on dye removal by making dye 
solutions with a pH range of 2 to 7. The adsorption of FSB dye on FMPM 
NPs was examined at dosages of 50 mg and contact times of 40 min. 
Fig. 9 b shows that lowering the pH of the dye solution improved 
effectiveness in FSB dye removal. To remove 93 % of the initial dye 
concentration (5 mg/L), the dye removal efficiency was set at pH = 4. 
The electrostatic attraction between the positively charged FMP Fe3O4 
NPs adsorbent and the anionic FSB dye is thought to be responsible for 
FSB dye adsorption on FMPM NPs. 

3.6. Effect of adsorbent dosage on adsorption 

A dye concentration of 5 mgL-1, pH = 4 was maintained to study the 
impact of adsorbent dose on dye adsorption. The starting adsorbent 
concentration was varied from 10, 20, 30, 40 and 50 mg, with all other 
experimental parameters being constant. Results (Fig. 9 c) showed that 
as the adsorbent dosage rose, dye removal efficiency improved. More 
surface area means increased binding sites for the adsorption of the 
target FSB dye on FMPM NPs, which could be explained by more surface 
area being available. 

3.7. Adsorption isotherms 

When testing adsorbents for the removal of FSB from contaminated 
water, adsorption isotherms were used to see how effective they were. 
Langmuir and Freundlich’s isotherms were used to interpret the quan
titative results. 

3.8. Langmuir isotherm 

Adsorbed molecules on the same side can’t interact with each other 
after adsorption equilibrium is attained. The Langmuir isotherm is 
mathematically defined by Eq. (1). 

Ce/qe = 1/KLqmax+Ce/qmax (1) 

“Ce” stands for the equilibrium concentration of the FSB in the 

Table 2 
Antibacterial activity comparison results of synthesized FMPM NPs.  

Name Enterococcus faecalis Pseudomonas aeruginosa 

Shape Round Rod 
Gram Reaction Gram positive Gram - negative 
MTCC No. MTCC 439 MTCC 424 
FMP Fe3O4 NPs 10 μg/mL 11 mm 10 mm 
FMP Fe3O4 NPs 5 μg/mL 11 mm 0 
FMP Fe3O4 NPs 2.5 μg/mL 12 mm 0 
Ciprofloxacin 30 mm 24 mm  

Table 3a 
Antifungal activity synthesized FMPM NPs.  

Name Aspergillus niger Penicillium chrysogenum 

MTCC No. MTCC 282 MTCC 5108 
FMP Fe3O4 NPs 10 μg/mL 11 mm 26 mm 
FMP Fe3O4 NPs 5 μg/mL 9 mm 16 mm 
FMP Fe3O4 NPs 2.5 μg/mL 0 mm 10 mm 
Fluconazole 18 mm 32 mm  

Table 3b 
Langmuir, Freundlich adsorption isotherms parameters.  

Isotherm models Parameters 

Langmuir Isotherm Q0 (mg/g) bL(L/mg) R2 

6.62 0.105 0.9583 
Freundlich Isotherm 1/n kf (mg1-1/n L1/n g− 1) R2 

0.179 10.39 0.8948  

Fig. 8. A-b antimicrobial activity for the two bacterial strains and c-d antifungal activity for the two fungal strains.  
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aqueous solution (mg/L), and “KL” stands for Langmuir equilibrium 
constant (L/mol), maximum adsorption capacity “qmax” is of the 
adsorbent, i.e. FMPM NPs (mg/g), and “qe” stands for the amount of the 
FSB adsorbed. Eq. (2) can also express the Langmuir isotherm as an 
equilibrium parameter, a dimensionless constant. 

RL = 1/ (1 + KLC0) (2)  

where ‘KL’ stands for Langmuir constant and ‘Co’ stands for the highest 
initial concentration of the dye (mgL− 1). 

3.9. Freundlich isotherm 

Freundlich isotherm establishes an empirical relationship between 
the concentrations of a solute on the adsorbent surface and the con
centration of that same solute in the liquid with which the adsorbent 
comes into contact. Eq. (3) is the Freundlich isotherm linear equation. 

logqe = logKF + 1/nlogCe (3) 

There is a constant ’KF’ in the Freundlich equation and ’n’ is the 
adsorption intensity that indicates the amount of dye adsorbed per unit 
weight of adsorbent (mg/g). FSB is more readily adsorbed on FMPM NPs 
adsorption intensity ’n’ value exceeds 1[47]. 

Fig. 10 a shows that the ability of aqueous flower extract of Murraya 
paniculata (L) Jack capped Fe3O4 NPs to remove dye depends on the 
concentration of FSB at the beginning of the reaction, as the initial dye 
concentration rises, so the removal capacity also increases. As shown in 
Fig. 10 b, c, data analysis shows that the Langmuir model fits better than 

the Freundlich model for FSB dye adsorption on aqueous flower extract 
of Murraya paniculata (L) Jack capped Fe3O4 NPs, as the R2 values in the 
Langmuir model are considerably closer to one. 

3.10. Recyclability experiment 

The reusability of magnetite for the removal of FSB was carried out 
five times. Removed the FSB from the FMPM NPs that had been attached 
to the dye adsorption. An external magnet was employed to collect an 
aqueous flower extract of Murraya paniculata (L) Jack capped Fe3O4 NPs, 
which were then used for up to five cycles of the FSB adsorption 
experiment. After five cycles the removal efficiency was found to be 79 
% shown in Fig. 11. 

4. Conclusion 

There were no harmful compounds used as capping agents during the 
synthesis of FMPM NPs, which made them extremely stable. This has 
been confirmed by UV–Vis spectroscopy, FT-IR, XRD, SEM with EDS, 
VSM, XPS, BET and thermo gravimetric analysis. FMPM NPs band gap 
was 2.57 eV. The average crystal size of iron oxide nanoparticles, as 
determined by XRD, was 14.12 nm and 11.58 nm using TEM. The 
extremely large surface area of the synthesized nanoparticles was 
determined to be 70.31 m2/g by the BJH method showing H4 type of 
hysteresis loop. The elemental analysis performed by the XPS technique 
confirmed the oxidation states and elements of synthesised magnetite 
nanoparticles. Furthermore, the saturation magnetization (Ms) value of 

Fig. 9. A Percent of dye removal by FMPM NPs at an initial concentration of FSB dye b pH of solution c Dose of FMPM NPs adsorbent.  
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58 emu/g for Murraya paniculata (L) Jack capped Fe3O4 NPs revealed by 
VSM indicated superparamagnetic behaviour. FMPM NPs are more 
potent for adsorption studies of FSB dye removal within 40 min. The iron 
oxide nanoparticle’s antibacterial and antifungal activities were found 
to be highly effective. According to the findings of this study, Murraya 
paniculata (L) Jack capped Fe3O4 NPs could be an effective treatment for 
gram-positive Enterococcus faecalis bacteria and Penicillium chrysogenum 
fungi of synthesized magnetite nanoparticles. Novel plant extracts 
follow additional advantages of outstanding adsorption for removal of 
FSB and effectively inhibit the gram-positive and antifungal microbes. 
It’s possible to expand the research to include preclinical studies in 
relevant animal models, as well as nanomedicine applications. 
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Abstract
A sturdy eco-friendly synthesis technique was applied, utilizing leaf extract from the Buddha Belly plant (Jatropha podag-
rica) as a capping agent, to produce copper oxide nanorods (CuO NRs). Analysis of HR-TEM and SEM images confirmed 
that these NRs exhibit a rod-like shape and possess a monoclinic crystalline structure with an average size of 8–14 nm. 
The FT-IR spectrum displayed characteristic vibration modes related to the Cu–O bond between 433 and 526 cm−1. The 
photocatalytic efficiency of the NRs was tested by exposing them to sunlight in the presence of Rhodamine B (RhB) and 
Crystal Violet (CV) dyes. Remarkably, the NRs degraded 95–97% of the dyes within 1–2 h. When employing 150 µL of the 
NRs in a well diffusion method, inhibitory zones measuring 14, 16, 13, and 11 mm were noted against Bacillus coagulans, 
Staphylococcus aureus, Escherichia coli, and Klebsiella pneumoniae, respectively. This study demonstrates that JP-CuO 
NRs effectively remove dyes from aqueous solutions and kill bacteria.
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Introduction

In today's world, there has been a consistent rise in indus-
trial activity and population numbers, leading to the intro-
duction of various new pollutants into water bodies. Nota-
bly, industries such as textiles, paper, leather, and printing 
are major sources of harmful dye effluents, posing serious 
ecological and health risks [1]. Dyes like Rhodamine B 
(RhB) and Crystal Violet (CV) are particularly concerning 
due to their potential ingestion hazards for both humans 
and animals, as well as their ability to cause skin, eye, and 
respiratory irritation [2]. Additionally, the reemergence 
of infectious diseases and the increasing prevalence of 
antibiotic resistance in various pathogenic bacteria are 
significant global public health challenges. Enterococ-
cus, Staphylococcus, and Streptococcus, closely related 
species of harmful microorganisms, are responsible for a 
wide range of infections and diseases, contributing to the 
urgency of addressing these issues [3].

In recent decades, there has been notable progress 
in nanotechnology. A key focus in material science has 
been the development of nanoparticles (NPs) with adjust-
able morphology, allowing for precise control over their 
shape, size, and arrangement [4]. Extensive research has 
been dedicated to exploring their wide-ranging applica-
tions, spanning chemical and biological sensing, medi-
cal therapeutics, antimicrobial and antibacterial agents, 
and drug delivery systems [5]. Additionally, these NPs 
hold promise in fields like wastewater treatment, energy-
efficient devices, optics, optoelectronics, electrochemistry, 
and catalysis [6]. Among the various types of antioxidant 
metal oxide NPs, CuO NPs have garnered considerable 
interest due to their cost-effectiveness, ready availability 
of copper salt, potent antioxidant properties, and low tox-
icity towards living cells, ensuring the safety of CuO NPs 
[7]. The antioxidant effectiveness of CuO NPs is influ-
enced by various factors, including their inherent char-
acteristics, crystal structure, chemical composition, sur-
face charge, particle size, surface coating, and how they 
are dispersed. Additionally, CuO NPs exhibit a range of 
valuable physical attributes, including electron correlation 
effects, spin dynamics, a high dielectric constant, and the 
potential for high-temperature superconductivity [8–10]. 
In the industrial field, they are commonly employed as 
p-type semiconductors with a specific bandgap range of 
1.21–2.51 eV, contributing to the design and manufacture 
of batteries, solar cells, gas sensors, and catalysts [11–13]. 
In today's context, CuO NPs serve as heterogeneous cata-
lysts and play roles in biomedicine, functioning as antioxi-
dants, drug delivery carriers, and imaging agents [14–17]. 
In the past, various physical and chemical processes have 
been employed in the synthesis of CuO NPs, offering the 

ability to produce particles tailored to specific preferences 
[18]. Nevertheless, these production techniques come with 
several drawbacks, including potentially harmful organic 
solvents, expensive reagents, challenges in isolating the 
NPs, and lengthier processing times [19]. Plant-mediated 
synthesis has emerged as a promising alternative within 
this range of methods due to its straightforwardness, envi-
ronmentally friendly nature, user-friendliness, cost-effec-
tiveness, adaptability for large-scale industrial produc-
tion, and applicability in the biomedical field [20]. Plant 
extracts contain phytochemicals that serve dual roles as 
both reducing and capping agents, enabling the creation 
of CuO NPs with precise control over size and shape, and 
the prevention of aggregation, all without the necessity for 
external oxidizing, reducing, or capping agents [21, 22].

This study aimed to demonstrate the antioxidant activity 
of CuO nanorods (NRs) synthesized using Jatropha podag-
rica leaf extract (JP) as a sustainable source for the effective 
removal of organic dye pollutants. JP is a widely recognized 
native medicinal plant with a history of being employed to 
address a range of health conditions, such as ulcers, scabies, 
injuries, and fever. It also has beneficial properties such as 
anti-tumorigenic, antioxidant, and antibacterial capabilities 
[23]. The study first examined the JP leaves for specific phy-
tochemical components, such as tannins, glycol flavones, 
proanthocyanidins, and phenolic acids [24, 25]. The leaf 
extract of Jatropha podagrica is safe, a critical considera-
tion in the formulation of nanorods [24]. We have recently 
published an article outlining the incorporation of this plant 
extract in the synthesis of ZnO and Fe3O4 nanoparticles [26, 
27]. These phytochemicals play a vital role in synthesizing 
JP-CuO NRs, acting as both capping agents and stability 
enhancers, surpassing what conventional chemical syn-
thesis methods can achieve [24]. Additionally, the various 
phenolic acids in these phytochemicals help achieve well-
defined sizes and shapes for the JP-CuO NRs, surpassing 
green-synthesized nanoparticles (As illustrated in Table 1). 
To harness the full potential of undiscovered plant species, 
it is crucial to identify fresh and distinctive plants for syn-
thesizing nanorods. This strategy enables researchers to 
broaden the spectrum of nanorods that can be efficiently 
stabilized by uncovering new proteins and phytochemicals 
from plant sources that have not been investigated before. 
Additionally, these newfound plant species might present 
supplementary benefits, such as enhanced productivity, low-
ered costs, or specialized characteristics suitable for specific 
applications. The JP-CuO NRs were notable for having a 
negatively charged surface, which gave them outstanding 
degrading abilities for removing the dyes Rhodamine B 
(RhB) and Crystal Violet (CV). The antibacterial activity 
of these JP- CuO NRs was tested against both Gram-positive 
(Bacillus coagulans, Staphylococcus aureus) and Gram-
negative (Escherichia coli, Klebsiella pneumoniae) bacteria.
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Materials and methods

Materials

Preparation of CuO NRs using JP leaf extract

Jatropha podagrica (JP) plant leaves were freshly collected, 
washed with warm water, and rinsed with deionized. The 
leaves were then dried in the shade for 25 days until com-
pletely dehydrated. The dried leaves were then ground into a 
fine powder. One gram of the powder was added to a 500 mL 
glass beaker with 200 mL of deionized water. The mixture 
was heated at 80 °C for 30 min on a heating mantle, result-
ing in a deep golden-yellow solution. The solution was first 
filtered to remove solid particles, and then it underwent cen-
trifugation to obtain a pure extract solution. This extract was 
subsequently stored in a refrigerator at a temperature of 4 °C 
for future use.

Synthesis of JP‑CuO NRs

A conventional environmentally friendly method was 
used to synthesize CuO nanorods (NRs). First, 1 g of 
Cu(SO4)2·5H2O was dissolved in 90 mL of distilled water. 
After thorough mixing for 25–30 min at room tempera-
ture, the solution turned a clear blue color. Then, 10 mL 
of aqueous leaf extract was added, increasing the volume 
to 100 mL and turning the solution green. This mixture 
was sonicated vigorously for 10–15 min to ensure proper 
mixing. Next, the temperature was raised to 80 °C and 
maintained for up to 1 h, resulting in a deep green color. 
Then, 1 M NaOH (10 mL) was gradually added dropwise, 
causing the mixture to turn a dark brown color. To remove 
suspended particles, the mixture was dispersed in deion-
ized water and centrifuged at 7000 rpm. The dark brown 
particles obtained were washed repeatedly with deionized 
water to eliminate impurities and achieve the ultimate 

product. The resulting dark brown solid was subsequently 
subjected to vacuum drying at 70 °C for 8 h in an oven. 
Lastly, the material underwent fine grinding with a mortar 
and pestle, preparing it for subsequent characterization 
[34].

JP‑CuO NRs as efficient photocatalysts 
for Rhodamine B (RhB) and crystal violet (CV) dye 
degradation

The evaluation of the photocatalytic efficiency of JP-CuO 
NRs in degrading RhB and CV dyes was carried out uti-
lizing naturally available UV radiation from sunlight. Ini-
tially, solutions of 100 mL containing 1 ppm of RhB and 
CV dyes were prepared and mixed with 0.01 g of JP-CuO 
NRs in separate containers. These mixtures were then 
stirred in darkness for an hour to stabilize the solutions 
and prevent any adsorption–desorption processes. After 
stabilization, the solutions were exposed to sunlight for 
4 h, specifically from 11 AM to 3 PM, with outdoor tem-
peratures ranging from 33 to 35 °C. Continuous magnetic 
stirring was employed to maintain a pH level of 10 dur-
ing this time. At predefined intervals, consistent samples 
were collected from each dye solution, and the NRs were 
separated by centrifugation at 8000 rpm. The absorption 
of RhB and CV dyes at 540 nm and 580 nm was deter-
mined using a UV–visible spectrophotometer. The extent 
of photocatalytic degradation and the corresponding rate 
constants were calculated based on these measurements.

In this context, "A0" denotes the starting concentration, 
"A" represents the concentration after the degradation pro-
cess, "k" stands for the degradation rate constant, and "t" 
indicates the duration of exposure to sunlight. [35, 36].

Degradation rate (%) =
((

A0 − A
)

∕A0

)

× 100

ln A0∕A = kt

Table 1   Contrasting the average size and structure of JP-CuO NRs in this study about findings from prior research

Material of plants Average particle size Structure Implementation References

Jatropha podagrica leaf extract 8–14 nm Rod-like shape Dye degradation and antibacterial applica-
tions

Present work

Eucalyptus globoulus leaf extract 88 nm Spherical shape Dye degradation [28]
Abelmoschus esculentus fruit extract 20 nm Spherical shape Cytotoxicity and photocatalytic applications [29]
malva sylvestris leaf extract 19–26 nm Spherical shape Thermal decomposes kinetics [30]
Calotropis procera leaf extract 20–80 nm Spherical shape Photodegradation, antibacterial and antioxi-

dant
[31]

Syzygium alternifolium fruit extract 17.5 nm Spherical shape Antiviral activity [32]
Panicum sumatrense grains extract 20 nm Rectangular in shape Biological applications [33]
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Exploration of antibacterial activity of JP‑CuO NRs

The antibacterial properties of JP-CuO NRs were evaluated 
in 24 h bacterial cultures (Bacillus coagulans, Staphylococ-
cus aureus, Escherichia coli, and Klebsiella pneumoniae) 
using the Agar-Well diffusion method. The nutrient agar 
medium was sterilized for approximately 30 min at 120 °C 
using an autoclave to prepare it. Each sterile petri dish was 
then filled with 20 mL of the medium, and the respective 
bacterial strains were introduced under aseptic conditions. 
The plates were left at room temperature until the agar solid-
ified. A sterile borer created a single 6 mm diameter well in 
each plate. Test substances, control (distilled water), and 
a standard drug were added to the 6 mm wells after being 
freshly dissolved in distilled water at concentrations of 1, 2, 
and 3. The petri plates were then incubated at 37 °C for 12 h, 
and the inhibition results are depicted in Fig. 8. A standard 
solution with a concentration of 5 g/mL served as a positive 
control. The diameter of the inhibitory zone was determined 
using the HiMedia antibiotic zone scale. All experiments 
were conducted in triplicate, yielding consistent results [37].

Characterization of JP‑CuO NRs

Various analytical methods were utilized to ascertain the 
crystalline structure of CuO nanorods. To investigate the 
optical properties, UV–Vis diffuse reflectance/absorbance 
spectroscopy was conducted on the synthesized samples. 
A Shimadzu (2450—SHIMADZU) spectrophotometer 
equipped with a diffuse reflectance accessory was used at 
room temperature, with BaSO4 serving as a reference mate-
rial. Measurements were taken over the wavelength range 
of 200–800 nm. Fourier transform infrared spectra (FT-IR) 
for the samples were obtained using a Thermo Nicolet 
iS50 spectrometer, covering a frequency range from 4000 
to 400 cm−1 in transmission mode with high-quality KBr 
pellets. X-ray diffraction (XRD) measurements were car-
ried out using a Bruker Kappa Apex II instrument over a 
2θ range of 0 to 90°. This instrument employed CuKα radi-
ation (with a wavelength of λ = 1.54060 Å) at 40 kV and 
35 mA, with a scanning rate of 0.2 s. The CuO nanorods 
were characterized using scanning electron microscopy 
(SEM) and high-resolution transmission electron micros-
copy (HRTEM) to investigate their surface morphology, 
elemental composition, and microstructure. SEM analyses 
were conducted using a Jeol 6390LA/ OXFORD XMX N 
apparatus equipped with energy-dispersive X-ray (EDX) 
spectroscopy. The acceleration voltage for SEM imaging 
ranged from 0.5 to 30 kV. For a more in-depth examination 
of the nanorods' microstructure and particle size, HRTEM 
was employed. HRTEM analyses were performed using a 
JEOL/JEM 2100 instrument operated at an applied volt-
age of 200 kV. Carbon-copper grids were used for sample 

preparation, allowing for precise particle size determina-
tion. Furthermore, SAED images were acquired using the 
HRTEM instrument to further elucidate the nanorods' 
crystal structure.

Results and discussions

UV–Vis spectroscopy studies

Figure 1 displays the UV–Vis absorption spectra of the 
leaf extract of JP and synthetic CuO NRs. The leaf extract 
contains various phytochemicals, such as alkaloids, flavo-
noids, phenolic acids, tannins, glycol flavones, and proan-
thocyanidins, which absorb light at 280 nm and 351 nm 
(π-π* and n-π* transitions) [23]. The JP-CuO NRs have 
a distinct absorption peak at 273 nm, but not at 280 or 
351 nm. This suggests that the phytochemicals in the leaf 
extract play a key role in reducing, binding, and encapsu-
lating JP-CuO NRs during the synthesis process [38, 39].

FTIR analysis of the synthesized JP‑CuO NRs

The functional groups included in the synthesized JP-
CuO NRs were identified, and their chemical composi-
tion was ascertained, using Fourier transform infrared 
(FTIR) spectroscopy. The FTIR analysis of the plant 
extract (Fig. 2) shows a significant peak at approximately 
3500 cm−1, indicating the presence of phenolic groups. 
Moreover, observable peaks at 1178 and 1042 cm−1 cor-
respond to vibrational characteristics of polyphenolic 
molecules within the plant extract [24]. The FTIR spec-
trum of the CuO NRs (Fig. 2) shows absorption peaks in 
the range of 4000–400 cm−1. The peaks between 433 and 
526 cm−1 correspond to the stretching frequency of the 
Cu–O bond [28]. Furthermore, the emergence of peaks 
between 1117 and 1032 cm−1 underscores aspects related 
to chemical bonding, the crystalline nature of the material, 
and the relative intensities of IR bands linked to polyphe-
nolic compounds [40]. The symmetric stretching of the 
aliphatic amino group is suggested by the presence of a 
peak at 1384 cm−1 [41]. Notably, the peak observed at 
1630 cm−1 corresponds to the C=C stretching indicative of 
aromatic compounds [42]. Additionally, the peaks between 
2852 and 2923 cm−1 are characteristic of –CH stretch-
ing vibrations typically associated with aldehyde groups 
[43]. Finally, the absorption band at 3432 cm−1 signifies 
the –OH stretching vibration inherent to phenolic groups 
[44]. These distinctive peaks within the IR spectrum pro-
vide valuable insights into the purity and compositional 
characteristics of the biosynthesized CuO NRs.
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XRD analysis of JP‑CuO NRs

The XRD analysis, as depicted in Fig.  3, unveiled dis-
cernible peaks that are indicative of CuO NRs at various 
angles. These angles include 32.67°, 35.66°, 38.85°, 48.77°, 

53.87°, 58.21°, 61.65°, 66.24°, 68.19°, 75.23°, and 77.18°. 
These particular peaks corresponded to distinct crystal lat-
tice planes, specifically (100), (002), (111), (202), (020), 
(-202), (113), (311), (-113), (-311), and (004) respectively. 
According to earlier studies, the presence of diffraction 

Fig. 1   UV–Vis Spectra of JP-
CuO NRs and JP leaf extract

Fig. 2   FTIR spectra of JP-CuO 
NRs and JP extract
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peaks falling within the range of 35 to 39° is indicative of 
CuO NRs formation (JCPDS Standard No. 01–080-0078). 
It's worth noting that the intensity of the (002) and (111) 
peaks suggested a monoclinic crystalline structure [45]. The 
sharp and well-defined diffraction peaks in the XRD pattern 
of the JP-CuO NRs indicate that they have a strong crystal-
line structure. The absence of other peaks confirms that the 
NRs are pure. The most prominent peaks observed between 
35 and 39 °C for JP-CuO NRs were utilized to calculate the 
average crystallite size, which was determined to be 8.2 nm 
employing the Debye–Scherrer equation [46].

where D is the crystal size, λ is the wavelength of X-ray 
radiation (0.15406 nm for Cu Kα), k is the shape factor (usu-
ally assumed to be 0.9), β is the full width at half maximum 
(FWHM) of the diffraction peak, and θ is the diffraction 
angle.

SEM–EDX analysis of JP‑CuO NRs

The surface properties of the generated CuO NRs were ana-
lyzed using a SEM. As shown in Fig. 4a and b, the particles 
exhibited a predominantly rod-like shape, forming clusters 
and appearing well-dispersed [44]. Some particle clustering 

D = k�∕�cos�

was evident, likely due to the presence of phenolic com-
pounds derived from the JP plant, which acted as a capping 
agent. Furthermore, the high surface energy of JP-CuO NRs 
resulted in minimal aggregation, which was attributed to the 
water medium serving as the synthesis source. To identify the 
chemical elements, present in the CuO NRs, an EDX analy-
sis was performed on a densely populated area of the sam-
ple (Fig. 4c). The EDX spectrum showed significant peaks at 
0.9, 8, and 8.9 keV, corresponding to copper atoms. A single 
peak at 0.5 keV was also observed, corresponding to oxygen 
atoms. Figure 4c exhibited distinct and strong signals for Cu 
and O atoms, with a weight percentage of 84.57% and 15.43%, 
respectively. The absence of other peaks indicates that the CuO 
NRs are of high purity.

TEM analysis of JP‑CuO NRs

High-resolution transmission electron microscopy (HR-TEM) 
was used to study the size, shape, and structure of the JP-CuO 
NRs in detail. HR-TEM images showed the nanorod structure 
at different magnifications are shown in Fig. 5a–c. HR-TEM 
images revealed CuO nanorods with a diameter of around 
10–14 nm and a length of 100–200 nm (Fig. 5a and b). The 
selected area electron diffraction pattern (SAED) of the JP-CuO 
NRs is portrayed in Fig. 5d. The SAED pattern indicated the 
presence of polycrystalline NRs in the JP-CuO sample [47].

Fig. 3   XRD patterns of CuO 
NRs using an aqueous leaf 
extract of Jatropha podagrica 
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A photocatalytic degradation of RhB and CV dyes 
by the fabricated JP‑CuO NRs

The JP-CuO catalyst was utilized to illustrate the photocata-
lytic removal of RhB and CV dyes in an environment of bright 
sunlight. RhB and CV dye degradation are shown in Figs. 6 
and 7 across two distinct periods of 120 min and 60 min, 
respectively. These results also show that these dyes have sepa-
rate wavelength ranges at 540 nm and 580 nm. The UV–Vis-
ible spectrometer was used to measure the RhB and CV dye 
degradation at regular intervals of 30 min and 15 min respec-
tively. Degradation efficiencies of 95% and 97% were achieved 
for RhB and CV dyes, respectively. The degradation efficiency 
of the as-prepared JP-CuO NRs was compared with that of 
recently reported CuO nanoparticles in Tables 2, 3. The results 
of this work suggest that JP-CuO NRs have a lot of potential 
as a catalyst for rapidly breaking down organic contaminants 
by photocatalysis. The significant rates of degradation shown 
together with the apparent impact of different pH settings on 
the removal process spotlight the potential utility of JP-CuO 

NRs in resolving a variety of problems with water pollution 
brought on by organic pollutants. As a result, our findings sug-
gest promising opportunities for using JP-CuO NRs to address 
environmental contamination problems.

The method shown below demonstrates how electrons and 
holes affect dye deterioration [35, 48].

CuO + h� → e− + h+

Absorption of O2 ∶ O2 + e− → O−.
2

Water Ionization ∶ H2O → OH− + H+

Superoxide protonation ∶ O−.
2
+ H+

→ HOO.

HOO. + e− → HO−
2

HOO− + H+
→ H2O2

Fig. 4   a and b SEM images of JP-CuO NRs various magnifications and c EDX spectra of JP-CuO NRs
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The OH radical stated is a very strong oxidant that is quite 
successful in causing a variety of dyes, including RhB and 
CV, to degrade.

Anti‑bacterial activities of synthesized JP‑CuO NRs

JP-CuO NRs were evaluated for their efficacy against both 
Gram-positive (Bacillus coagulans and Staphylococcus 
aureus) and Gram-negative (Escherichia coli and Kleb-
siella pneumoniae) bacteria using the well diffusion method. 

H2O2 + e− → OH− + OH.

H2O + h+ → H+ + OH.

Dyes + OH.
→ Removal product

Figure 8 illustrates the results of the zone inhibition test, 
displaying the diameters of the inhibition zones (in mm) sur-
rounding each well containing the JP-CuO NRs. The most 
positive outcomes were noted with inhibition zones meas-
uring 14, 16, 13, and 11 mm against Bacillus coagulans, 
Staphylococcus aureus, Escherichia coli, and Klebsiella 
pneumoniae, respectively, at a concentration of 150 µL, in 
comparison to the standard drug, as outlined in Table 4. [50, 
51].

The results of the study showed that Gram-positive bacte-
ria were more susceptible to JP-CuO NRs than Gram-nega-
tive bacteria. The variation in sensitivity can be explained by 
the significant presence of a dense peptidoglycan layer in the 
cell wall of Gram-positive bacteria, providing a small physi-
cal barrier that offers protection. In contrast, Gram-negative 
bacteria possess both lipopolysaccharide and peptidoglycan, 
rendering them more resistant to the effects of JP-CuO NRs.

Fig. 5   a–c HR-TEM images JP-
CuO NRs, and d SAED patterns
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Conclusions

We have developed a green method for making copper 
oxide nanorods (CuO NRs) using Jatropha podagrica leaf 
extract as a capping agent. The NRs were also effective 
photocatalysts, breaking down Rhodamine B (RhB) and 
Crystal Violet (CV) dyes in sunlight with degradation rates 
of 95–97% within 120 and 60 min, respectively. We also 

tested the NRs against Gram-positive (Bacillus coagulans 
and Staphylococcus aureus) and Gram-negative (Escheri-
chia coli and Klebsiella pneumoniae) bacteria, and they 
produced inhibition zones of 14, 16, 13, and 11  mm, 
respectively, at a concentration of 150 µL. These results 
suggest that JP-CuO NRs could be used to clean up water 
pollution and develop powerful antibacterial agents.

Fig. 6   a UV–vis absorbance spectra of RhB dye under UV (sunlight) 
illumination over JP-CuO NRs as a function of time, b the progres-
sion of RhB dye degradation during consecutive time intervals, c the 

kinetics of RhB dye degradation presented as a first-order linear plot 
with ln A0/A as a function of time, and d a column chart representing 
the distribution of RhB dye degradation across different time intervals
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Fig. 7   a UV–vis absorbance spectra of CV dye under UV (sunlight) 
illumination over JP-CuO NRs as a function of time, b the progres-
sion of CV dye degradation during consecutive time intervals, c the 

kinetics of CV dye degradation presented as a first-order linear plot 
with ln A0/A as a function of time, and d a column chart representing 
the distribution of CV dye degradation across different time intervals

Table 2   Lists the materials required to prepare the JP-CuO NRs

Chemical name Supplier name Purity (%) Usage

Copper (II) sul-
fate pentahydrate 
(Cu(SO4)2·5H2O)

Merk, India 98 Reagent for the preparation of CuO NRs

Sodium hydroxide (NaOH) Merk, India 99 Precipitating agent for the preparation of CuO NRs
Milli Q-water Merk, India 100 Solvent
Bacillus coagulans Aadhya Biosciences Pvt. Ltd Visakhapatnam, 

India
100 Well diffusion method

Staphylococcus aureus Aadhya Biosciences Pvt. Ltd Visakhapatnam, 
India

100 Well diffusion method

Escherichia coli Aadhya Biosciences Pvt. Ltd Visakhapatnam, 
India

100 Well diffusion method

Klebsiella pneumoniae Aadhya Biosciences Pvt. Ltd Visakhapatnam, 
India

100 Well diffusion method

Jatropha podagrica leaves Government Degree College Chodavaram, India 100 Capping and stabilized agent for the CuO NRs
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Table 3   Comparison of the 
photocatalytic degradation of 
JP-CuO NRs in the present 
work with previous works

Green materials Dye Light source Irradiation 
time (min)

Degradation 
efficiency (%)

References

Jatropha podagrica leaf extract Rhodamine B Sunlight 120 95 Present work
Crystal violet 60 97

Ferulago angulate boiss extract Rhodamine B UV light 150 83 [48]
Citrus aurantifolia leaf extract Rhodamine B UV light 120 91 [35]
Ruellia tuberosa root extract Crystal Violet Sunlight 120 90 [36]
Sida acuta leaf extract Crystal Violet Sunlight 100 87 [49]

Fig. 8   Antibacterial activ-
ity of CuO NRs synthesized 
using Jatropha podagrica leaf 
extract for a Bacillus coagulans, 
b Staphylococcus aureus, c 
Escherichia coli, and d Kleb-
siella pneumoniae 

Table 4   Zone of inhibition 
at various concentrations of 
JP-CuO NRs

Name Bacillus coagulans Staphylococcus aureus Escherichia coli Klebsiella pneumoniae

Shape Round Round Round Round
Gram reaction Gram-positive Gram-positive Gram-negative Gram-negative
50 µL 11 mm 14 mm 11 mm 10 mm
100 µL 13 mm 15 mm 12 mm 10 mm
150 µL 14 mm 16 mm 13 mm 11 mm
Antibiotic 30 mm 32 mm 30 mm 26 mm
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An eco-friendly and sustainable method for producing Fe3O4 nanoparticles 
using Jatropha podagrica leaf extract for efficient dye degradation and 
antibacterial uses 
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A B S T R A C T   

A green and efficient method was used to synthesize Fe3O4 nanoparticles using Jatropha podagrica leaf extract 
(JP- Fe3O4 NPs) as a stabilizer. The nanoparticles were characterized using various techniques, including XRD, 
FT-IR, SEM, SEM-EDX, HR-TEM, and UV–visible spectroscopy. The SEM and HR-TEM images showed that the 
nanoparticles were spherical, hexagonal, cubic, and rod-shaped, with sizes ranging from 14 to 16 nm. The FT-IR 
spectrum showed a characteristic peak at 581 cm− 1, corresponding to the Fe O bond. The photocatalytic activity 
of the nanoparticles was tested by degrading Fluorescein sodium (FS) and Crystal violet (CV) dyes in sunlight. 
The nanoparticles could degrade 92–95 % of the dyes within 1–2 h. The nanoparticles also exhibited potent 
antimicrobial activity against both gram-positive and gram-negative bacteria. When 150 μL of the nanoparticles 
were used in a well diffusion method, inhibition zones of 13, 15, 11, and 10 mm were observed against Bacillus 
coagulans, staphylococcus aureus, Escherichia coli, and Klebsiella pneumoniae, respectively. This study demonstrates 
that the synthesized JP- Fe3O4 NPs effectively remove dyes from aqueous solutions and have potent antimicrobial 
properties.   

1. Introduction 

Over the past two decades, nanotechnology has achieved remarkable 
progress, spanning a diverse array of applications across biology, med
icine, and technology [1]. At the heart of nanotechnology lies the art of 
synthesizing nanoparticles in varying shapes and dimensions, unlocking 
a wide spectrum of potential applications. Among the myriad nano
particle types, magnetic Fe3O4 nanoparticles (Fe3O4 NPs) hold a 
distinctive place due to their exceptional characteristics stemming from 
finite-size and surface effects. These encompass high magnetization, 
superparamagnetic, and additional anisotropy contributions [2]. A 
captivating aspect of these Fe3O4 NPs is their capacity to relinquish 
magnetization once an externally applied magnetic field is withdrawn. 
Moreover, they exhibit attributes such as low toxicity, biocompatibility, 
and robust magnetic properties, rendering them remarkably suited for 
deployment in domains such as bioimaging, cancer theragnostic appli
cations, and drug delivery [3]. To optimize the magnetic properties of 
these NPs, their sizes, and size distributions can be tailored, which, in 

turn, are influenced by the synthesis method employed. As a result, 
various synthesis approaches have been developed to produce Fe3O4 
NPs, all aimed at achieving the desired properties for specific 
applications. 

Fe3O4 NPs have been synthesized using various methods, such as 
hydrothermal [4], microemulsion [5], sonochemical [6], electro
chemical [7], sol-gel [8], co-precipitation [4,9], mechanochemical (10), 
solvothermal [10], and emulsion techniques [11]. However, these ap
proaches have proven unsuitable for biomedical applications due to the 
inclusion of toxic chemicals like sodium borohydride, dimethyl form
amide, hydrazine, and carbon monoxide [12]. Consequently, there is a 
pressing need to explore biological synthesis approaches for Fe3O4 NPs. 
Among these, plant-mediated synthesis has emerged as a promising 
option due to its simplicity, eco-friendliness, ease of use, 
cost-effectiveness, scalability for industrial production, and suitability 
for biomedical applications [13]. Plant extracts contain phytochemicals 
that can act as both reducing and capping agents, allowing for the cre
ation of Fe3O4 NPs with controlled size, shape, and absence of 
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aggregates, without needing external oxidizing, reducing, and capping 
agents [14]. Moreover, the bioactive molecules present in plant extracts 
contribute to the capping process, enhancing the biomedical properties 
of the resulting Fe3O4 NPs beyond those obtained through conventional 
methods. This synergy between Fe3O4 NPs and bioactive plant mole
cules improves biomedical activities. As a result, numerous extracts of 
plants have been utilized in preparing Fe3O4 NPs using this approach. 

In this research, we attempted to produce Fe3O4 NPs through a green 
synthesis method, utilizing Jatropha podagrica (JP) plant extract, with a 
dual focus on efficient organic dye pollutant removal and antioxidant 
activities. Jatropha podagrica, a traditional medicinal plant known for its 
historical use in treating various conditions like fever, scabies, ulcers, 
and wounds, exhibits beneficial properties such as anti-tumorigenic, 
antioxidant, and antibacterial activities [15]. The leaves of this plant 
were analyzed and found to contain specific phytochemicals, including 
phenolic acids (such as vanillic, syringic, P-hydroxybenzoic acid, meli
lotic, cis-trans ferulic, p-coumaric acid, and phloretic acids), flavonoids 

(e.g., apigenin, acacetin, and luteolin), tannins, glycol flavones, and 
proanthocyanidins [16,17]. The leaf extract of Jatropha podagrica has 
been demonstrated to be non-toxic, making it a crucial factor to be taken 
into account when preparing nanoparticles [16]. Recently, we have 
published an article detailing the utilization of this plant extract in the 
preparation of ZnO nanoparticles [18]. With this knowledge in mind, the 
study aimed to adopt an eco-friendly approach by utilizing the leaf 
extract of Jatropha podagrica for the bio-green synthesis of Fe3O4 NPs. 
The naturally occurring chemicals in the extract were essential for the 
synthesis of JP- Fe3O4 NPs. They helped to stabilize the nanoparticles 
and make them more effective than those synthesized using traditional 
chemical methods [16]. Additionally, the different types of phenolic 
acids in the extract helped to create nanoparticles that were well-defined 
in terms of their size and shape. This is better than other nanoparticles 
synthesized using green methods (as indicated in Table 1). To fully 
explore the potential of different plant species, it is important to use new 
and unique plants for nanoparticle synthesis. This will allow researchers 
to find new proteins and chemicals from plants that have not been used 
before to stabilize nanoparticles. Additionally, these new plant species 
may offer other advantages, such as higher yields, lower costs, or special 
properties that are useful for specific applications. In this study, the JP- 
Fe3O4 NPs had a negatively charged surface, which made them very 
good at removing Fluorescein sodium (FS) and Crystal violet (CV) dyes 
from water. The antibacterial activity of these JP- Fe3O4 NPs was tested 
against both Gram-positive (Bacillus coagulans, staphylococcus aureus) 

Table 1 
Contrasting the average particle size and structure of Fe3O4 nanoparticles in our 
study with findings from prior research.  

Materials of 
plant 

Average 
particle size 

Structure Applications Reference 

Jatropha 
podagrica leaf 
extract 

14–16 nm Spherical, 
hexagonal, 
cubical, and 
rod shape 

Dye degradation 
and antibacterial 
applications 

Present 
work 

Chlorella vulgaris 
extract 

55.8–172.9 
nm 

Spherical 
shape 

Degradation of 
2,4 dinitrophenol 

[19] 

Spirogyra hyalina 
and Ajuga 
bracteosa 
extracts 

36 nm Spherical 
and rod- 
shaped 

Anti-bacterial 
applications 

[20] 

Prunus serrulata 
leaf extract 

40 nm Spherical 
shape 

Synthesis and 
characterization 
of magnetic 
nanoparticles 

[21] 

Natural tannic 
acid extracted 
from green tea 

23–31 nm Cubical 
shape 

Investigation of 
structural, 
morphological, 
optical 
properties, and 
colloidal stability 
for gas sensor 
application 

[22] 

Menthapulegium 
L. leaf extract. 

22–34 nm Cubical 
shape 

Synthesis and 
characterization 
of magnetic 
nanoparticles 

[23] 

Rhus coriaria 
seed extract 

53 nm Spherical 
shape 

Anti-bacterial and 
anti-fungal 
applications 

[24]  

Fig. 1. (a) UV–Vis Spectra of Jatropha podagrica leaf extract and JP-Fe3O4 NPs and (b) The direct band gap energy of JP-Fe3O4 NPs from using Tauc plot.  

Fig. 2. FTIR spectra of Jatropha podagrica leaf extract and Jatropha podagrica 
leaf extract capped Fe3O4 NPs. 
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and Gram-negative (Escherichia coli, Klebsiella pneumoniae) bacteria. 

2. Materials and methods 

2.1. Materials 

Raw leaves of Jatropha podagrica were collected from the Govern
ment Degree College Garden located in Chodavaram, Andhra Pradesh, 
India. The reagents employed in the experiments, comprising ferric 
chloride hexahydrate (FeCl3⋅6H2O), Ammonium Iron (II) sulfate 
((NH4)2Fe(SO4)2⋅6H2O), Aqueous ammonia (NH3⋅H2O), Fluorescein 
sodium (FS), and Crystal violet (CV), were purchased from Merck in 
India and utilized without the need for further purification. Sources of 
Bacillus coagulans, staphylococcus aureus, Escherichia coli, and Klebsiella 
pneumoniae strains collected from IMTECH, Chandigarh, India. Milli Q- 
water was employed for all the conducted tests. 

2.2. Jatropha podagrica (JP) leaf extract preparation 

The JP plant leaves were cleansed using warm water followed by a 
rinse with Milli-Q water. Subsequently, they were air-dried in shaded 
conditions for a period of 1 month until they were completely devoid of 
moisture. Once dried, the leaves were finely ground into a powder. A 
quantity of 1 g from the powdered sample was then placed in a 250 mL 
glass beaker along with 100 mL of Milli-Q water. The mixture was 
subjected to heating at 80 ◦C for a duration of 30 min, resulting in the 
formation of a solution with a golden-yellow. The solution was first 
filtered to remove solid particles, and then it underwent centrifugation 
to obtain a pure extract solution. This extract was subsequently stored in 
a refrigerator at a temperature of 4 ◦C for future use. 

2.3. Synthesis of Jatropha podagrica capped Fe3O4 nanoparticles (JP- 
Fe3O4 NPs) 

In a standard green synthesis procedure, a solution was prepared by 
dissolving FeCl3⋅6H2O (1.11 g) and (NH4)2Fe(SO4)2⋅6H2O (0.556 g) in a 
2:1 ratio in 90 mL of Milli Q water. The resultant mixture underwent 
sonication for 15–20 min. Subsequently, the solution was subjected to 
heating at 80 ◦C while maintaining continuous stirring for a span of 15 
min. Following this step, 10 mL of a 1 % aqueous extract derived from 
Jatropha podagrica leaves was introduced into the reaction mixture, and 
the reaction was allowed to proceed for 45 min at 80 ◦C under sustained 
stirring. The reaction mixture underwent a steady and controlled addi
tion of 5 mL of aqueous ammonia solution, with continuous stirring. This 
resulted in a change in the mixture, causing the formation of JP-Fe3O4 
NPs, evident from the appearance of a black precipitate. The resultant 
JP-Fe3O4 NPs precipitate was isolated from the mixture using an 
external magnet, followed by intermittent washing steps using ethanol 
and Milli Q water. Finally, the precipitate was dried at room tempera
ture under vacuum conditions [25]. 

2.4. Photocatalytic potential of JP- Fe3O4 NPs for the degradation of FS, 
and CV dyes 

The assessment of the photocatalytic efficacy of JP-Fe3O4 NPs in the 
degradation of FS and CV dyes was conducted using readily available UV 
radiation from sunlight. Initially, 100 mL solutions containing 1 ppm of 
FS and CV dyes were combined with 0.01 g of JP-Fe3O4 NPs in separate 
containers. These mixtures were stirred in the dark for an hour to sta
bilize the solutions and halt any adsorption-desorption processes. 
Following stabilization, the solutions were exposed to sunlight for 4 h, 
specifically from 11 a.m. to 3 p.m., with an outdoor temperature ranging 
from 33 to 35 ◦C. Continuous magnetic stirring was employed to 
maintain a pH level of 10 during this time. At predefined intervals, 
consistent samples were collected from each dye solution, and the NPs 
were separated by centrifugation at 8000 rpm. A UV spectrometer was 
utilized to measure the color intensities at 521 nm and 625 nm for the FS 
and CV dyes, respectively [26]. 

The degradation rate and degradation constant can be determined 
utilizing the subsequent formulas.  

Degradation rate (%) = ((A0 - A) / A0) x 100                                              

ln A0/A = kt                                                                                         

Here, A0 refers to the initial concentration of the substance, while A 
represents the final concentration after the degradation process. The 
degradation constant is denoted by K, and ’t’ indicates the amount of 
time exposed to sunlight. 

2.5. Investigation of antibacterial activity of JP-Fe3O4 NPs 

The study assessed the antibacterial properties of the JP-Fe3O4 NPs in 
24-h bacterial cultures (Bacillus coagulans, staphylococcus aureus, Escher
ichia coli, and Klebsiella pneumoniae) using the Agar-Well diffusion method. 
To prepare the nutrient agar medium, it was sterilized for approximately 
30 min at 120 ◦C using an autoclave. Each sterile Petri dish was then filled 
with 20 mL of the medium, and the appropriate bacterial strains were 
aseptically introduced. The plates were left at room temperature to solidify 
the agar. A sterile borer was utilized to create a single well with a 6 mm 
diameter in each plate. Test substances, control (distilled water), and a 
standard drug were introduced into the 6 mm wells after being freshly 
dissolved in distilled water (at concentrations of 1, 2, and 3). The petri 
plates were incubated at 37 ◦C for 12 h, and the inhibition results are 
shown in Fig. 10. A standard solution with a concentration of 5 g/mL was 
used as a positive control. The diameter of the inhibitory zone was 
determined using the HiMedia antibiotic zone scale. All experiments were 
conducted in triplicate, and consistent results were obtained [27]. 

Fig. 3. XRD patterns of Fe3O4 NPs using an aqueous leaf extract of Jatro
pha podagrica. 

Table 2 
Calculating the average particle size of JP-Fe3O4 NPs.  

Planes 2θ β cosθ Size (nm) 

220 31.98 0.492 0.964649 15.6 
311 34.63 0.615 0.951218 12.3 
400 36.47 0.507 0.928551 14.5 
422 47.75 0.464 0.891481 15.3 
511 56.82 0.526 0.876517 13.2 
440 63.07 0.501 0.851864 13.5 
Average size 14.1  
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2.6. Characterization of JP- Fe3O4 NPs 

Various analytical methods were employed to elucidate the crystal
line structure of JP-Fe3O4 NPs. X-ray diffraction (XRD) analyses were 
conducted using a Bruker Kappa Apex II instrument, operating at 40 kV 
and 35 mA, with CuKα radiation (λ = 1.54060 Å). The measurement 
range spanned from 2θ = 0–90◦, and the scanning rate was set at 0.2 s. 
Fourier transform infrared spectra (FT-IR) were acquired using a 
Thermo Nicolet iS50 spectrometer. The spectra covered a frequency 
range of 4000–400 cm− 1 and employed spectroscopic grade KBr pellets 
in transmission mode. To assess optical properties, UV–vis diffuse 
reflectance/absorbance spectroscopy was performed on the synthesized 
samples. A Shimadzu (2450 – SHIMADZU) spectrophotometer with a 
diffuse reflectance accessory was employed at room temperature. BaSO4 
was utilized as a reference material, and measurements spanned the 
wavelength range of 200–800 nm. The surface characteristics and 
elemental composition of the JP- Fe3O4 NPs were closely examined 
using scanning electron microscopy (SEM). We utilized the Jeol 
6390LA/OXFORD XMX N instrument, which included energy-dispersive 
X-ray (EDX) spectroscopy. The SEM images were captured with an ac
celeration voltage of 20 kV. For a more extensive exploration of the 
microstructure and particle sizes, high-resolution transmission electron 
microscopy (HRTEM) was employed. We employed the JEOL/JEM 2100 
instrument with an operational voltage of 200 kV. The elemental 
oxidation states of the samples were determined using an Axis Ultra X- 
ray photoelectron spectroscopy (XPS) instrument, which utilized a 
monochromatic X-ray source with Al Kα radiation. In addition, we 
conducted magnetization measurements at room temperature under the 
influence of applied magnetic fields using a Lakeshore VSM 7410 
vibrating sample magnetometer (VSM). 

3. Results and discussions 

3.1. UV–vis spectroscopy studies 

The aqueous leaf extract of Jatropha podagrica and synthetic JP- 
Fe3O4 NPs both have UV–Vis absorption spectra that are shown in 
Fig. 1a. Due to the presence of numerous phytochemicals, including 
phenolic acids, alkaloids, flavonoids, tannins, proanthocyanidins, and 
glycol flavones, the leaf extract displays high absorption bands at 280 
and 351 nm [15]. In addition, the distinctive absorption band seen at 
341 nm in the spectra shows the creation of JP-Fe3O4 NPs, principally as 
a result of the absorption and scattering of light by these NPs [28]. 
Notably, the lack of the absorption peaks from the leaf extract of 
Jatropha podagrica at 280 and 351 nm in the spectra of JP-Fe3O4 NPs 
suggests that the previously stated phytochemicals play a vital role in 
reducing and capping the JP-Fe3O4 NPs during their formation. 

The optical band gap plays a pivotal role in determining the effec
tiveness of photocatalytic materials. This is because the transition of 
electronic states from the valence to the conduction band occurs only 
when the incoming photon possesses an energy equal to or higher than 
the band gap energy. Tauc and Menth introduced an expression to 
calculate the optical band gap [29].  

(hνα) = A (hν-Eg)n                                                                                

Here, A represents the absorption constant, α denotes the absorption 
coefficient, and n is a material-dependent constant (in this study, n is 
equal to 0.5). The estimated value was 3.25 eV, and the corresponding 
Tuac plot can be observed in Fig. 1b. 

Fig. 4. (a and b) SEM images of Fe3O4 NPs capped with Jatropha podagrica leaf extract at different magnifications and (c) EDX spectrum of JP-Fe3O4 NPs.  
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3.2. FTIR analysis of the synthesized JP-Fe3O4 NPs 

FTIR spectroscopy was employed for the purpose of identifying the 
functional groups present within the synthesized JP-Fe3O4 NPs and to 
ascertain their molecular composition. Fig. 2 provides a visualization of 
the data pertaining to the identified functional groups present both in 
the plant material and the JP-Fe3O4 NPs. The analysis discloses a broad 
peak appearing around 3322 cm− 1, signifying the presence of a phenolic 
group. Evidenced by the absorption of a broad peak at approximately 

1639 cm− 1, the identification of aromatic compounds is corroborated. 
Additionally, discernible peaks at 1178 cm− 1 and 1042 cm− 1 denote the 
existence of amide functional groups and vibrations associated with 
polyphenolic molecules present in plant extract [16]. Moreover, Fig. 2 
exemplifies the analysis of JP-Fe3O4 NPs, revealing absorption peaks 
spanning the range of 400–4000 cm− 1. Notably, the peak positioned at 
581 cm− 1 suggests the stretching frequency related to Fe–O bonding 
[30]. Peaks residing at 1122 cm− 1, 887 cm− 1, and 795 cm− 1 provide 
insights into the chemical bonding, crystalline nature, and relative 

Fig. 5. (a–d) HR-TEM images, (e) Size distribution Histogram of Fe3O4 NPs Synthesized with aqueous extract of Jatropha podagrica leaves, and (f) SAED pattern.  
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intensities of the IR bands associated with polyphenolic groups. The 
peak at 1400 cm− 1 could potentially be attributed to the symmetric 
stretching of carboxyl side groups within the amino acid residues of 
protein molecules. The presence of a peak in the vicinity of 1627 cm− 1 

likely corresponds to the C––C stretching indicative of aromatic com
pounds. Prominent absorption bands observed at 3405 cm− 1, 2921 
cm− 1, and 2851 cm− 1 are indicative of –OH stretching vibrations in 

phenolic groups and –CH stretching vibrations in aldehyde groups. The 
presence of these distinctive peaks in the IR spectrum serves to confirm 
the purity and composition of the biofabricated JP-Fe3O4 NPs. 

3.3. XRD analysis of the synthesized JP-Fe3O4 NPs 

The X-ray diffraction analysis (Fig. 3) unveiled distinct JP-Fe3O4 NPs 
peaks at varying angles: 30.56◦, 35.94◦, 43.58◦, 47.75◦, 53.88◦, 57.55◦, 
and 63.17◦. These angles corresponded to diverse crystal lattice planes, 
namely (220), (311), (400), (422), (511), and (440), respectively. These 
peaks impeccably matched the reported JCPDS values (File no. 
89–6466) and aligned precisely with the crystal lattice parameters (a =
2.7992, b = 9.4097, c = 9.4832). This alignment indicated the absence 
of any impurity peaks within the patterns [28]. To determine the crystal 
dimensions of the synthesized NPs, the Debye-Scherrer equation D = K 
λ/β cos θ was employed. In this equation, D signifies the crystallite size 
of Fe3O4 NPs, λ stands for the wavelength of the X-ray source (λ =
0.1541 nm), β represents the full width at half maximum of the 
diffraction peak, and θ corresponds to the half-diffraction angle (Bragg 
angle). Using the Scherrer constant (K = 0.9), the computed average 
crystal dimensions of JP-Fe3O4 NPs were ascertained to be 14.98 nm, as 
presented in Table 2 below. 

3.4. SEM-EDX analysis of synthesized JP-Fe3O4 NPs 

Surface characteristics of the Bio-synthesized JP-Fe3O4 NPs were 
investigated using an SEM (scanning electron microscope). The micro
graphs in Fig. 4a and b revealed that the NPs displayed a mixture of 
shapes, including spherical, hexagonal, cubic, and rod-like structures. 
Clustering of particles was observed, which is likely attributed to the 

Fig. 6. Magnetization curve of synthesized Fe3O4 NPs using aqueous leaf 
extract of Jatropha podagrica at ambient temperature. 

Fig. 7. XPS (a) Survey peaks (b) Fe2p peaks (c) C1s peaks (d) O1s peaks of fabricated Fe3O4 NPs using an aqueous leaf extract Jatropha podagrica.  
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presence of phenolic compounds from the JP plant, acting as a capping 
agent [31]. 

To determine the chemical arrangement of the Fe3O4 NPs, an EDX 
(energy-dispersive X-ray spectrum) was obtained from a densely popu
lated area (Fig. 4c). The EDX analysis exhibited prominent signals from 
Iron atoms at 0.6 keV, 6.4 keV, and 7 keV, respectively, in addition to a 
single peak corresponding to oxygen atoms at 0.5 keV. Moreover, there 
were minor peaks indicating the presence of sulfur (S), chlorine (Cl), 
silicon (Si), titanium (Ti), and Manganese (Mn) atoms, suggesting the 
contribution of these elements from the biological components that were 
predominantly associated with the JP-Fe3O4 NPs [32]. 

3.5. TEM analysis of synthesized JP-Fe3O4 NPs 

The size, configuration, and structure of the synthesized JP-Fe3O4 
NPs were explored using HR-TEM (high-resolution transmission electron 
microscopy). TEM images of JP-Fe3O4 NPs are shown in Fig. 5(a–d), 
displaying various magnifications. The TEM image clearly depicts the 
presence of aggregated free JP-Fe3O4 NPs, exhibiting a mixture of 
spherical, hexagonal, cubic, and rod-like shapes [33,34]. The average 
particle size of the aggregated free JP-Fe3O4 NPs was resolved to be 
15.57 nm (Fig. 5e), which aligns with the crystallite size obtained from 
XRD analysis. This aggregation specifies that the surface of JP-Fe3O4 NPs 
was capped by bioactive molecules, which prevented further particle 
aggregation. 

3.6. Vibrating sample magnetometer (VSM) of JP-Fe3O4 NPs 

A vibrating sample magnetometer (VSM) was harnessed to delve into 
the magnetic attributes of the artificially created Fe3O4 NPs, which were 
synthesized through the utilization of an aqueous leaf extract derived 
from Jatropha podagrica. Fig. 6 visually portrays the magnetization curve 
encapsulating the synthesized JP-Fe3O4 NPs. This curve assumes a 
sigmoidal form bereft of a hysteresis loop, thereby signifying a super
paramagnetic nature [35]. At ambient temperature, the JP-Fe3O4 NPs 
manifest a saturation magnetization (Ms) measurement amounting to 
0.5831 (58 emu/g). The robust magnetic characteristics exhibited by 
these JP-Fe3O4 NPs facilitate their adept concentration and isolation 
through the application of a small magnetic force. 

3.7. XPS of JP-Fe3O4 NPs 

X-ray photoelectron spectroscopy (XPS) was engaged to meticulously 
probe into the chemical composition and oxidation states characterizing 
the engineered JP-Fe3O4 NPs. Illustrated in Fig. 7a is the comprehensive 
XPS spectrum, which corroborates the existence of JP-Fe3O4 NPs 
encompassed by organic moieties. This outcome aligns harmoniously 
with the findings derived from the energy-dispersive X-ray (EDX) 
analysis. 

The Fe2p XPS spectrum, showcased in Fig. 7b, prominently exhibits a 
peak at 708 eV, intricately corresponding to Fe3O4 NPs [36–39]. Delving 

Fig. 8. (a) UV–vis absorbance spectra of FS dye under UV (sunlight) illumination over JP-Fe3O4 NPs as a function of time, (b) the progression of FS dye degradation 
during consecutive time intervals, (c) the kinetics of FS dye degradation presented as a first-order linear plot with ln A0/A as a function of time, and (d) a column 
chart representing the distribution of FS dye degradation across different time intervals. 
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further into the JP-Fe3O4 XPS spectra, presented in the same figure, 
discloses spectral lines situated at 708 eV. This spectral characteristic 
unequivocally signals the concurrent presence of Fe2+ and Fe3+ oxida
tion states [40]. 

Notably, the discernible absence of peaks spanning the energy 
spectrum around 706–708 eV, which are conventionally attributed to 
zero-valent iron, serves to underscore the unadulterated nature of the 
JP-Fe3O4 NPs. This observation elegantly concurs with the findings 
obtained from X-ray diffraction (XRD) analysis. Moreover, the lack of 
peaks at 533.8 eV and 534.2 eV serves as additional confirmation, firmly 
establishing the non-existence of hydrous iron oxides such as Fe(OH)3 
[41]. 

Additionally, the perceptible peaks registering at 283 eV and 533 eV 
find their attribution to C 1s and O1s, signifying the presence of poly
phenols. These peaks serve to substantiate the capping of bioactive 
molecules upon the surface of the JP-Fe3O4 NPs, as displayed in Fig. 7c 
and d. The oxygen and carbon signature peaks attributed to the Jatropha 
podagrica leaf extract can be attributed to the polyphenolic molecules. 

3.8. Photocatalytic degradation of FS and CV dyes by the synthesized JP- 
Fe3O4 NPs 

JP-Fe3O4 catalyst used under solar irradiation revealed efficient 
degradation of CV and FS dyes (Figs. 8 and 9), demonstrating high 
photocatalytic activity [42]. Under sunlight exposure, the degradation 
of FS and CV dyes proceeded at various speeds, requiring around 100 
and 80 min, respectively. The deterioration process was monitored using 

a UV spectrometer at intervals of 20 and 25 min for FS and CV, 
respectively, at 521 and 625 nm. The degradation efficiencies for FS and 
CV dyes were 92 % and 95 %, respectively. In Table 3, a comparison was 
made between the CV dye degradation efficiency of the JP-Fe3O4 NPs 
and the Fe3O4 NPs reported in previous studies. Notably, there has been 
no prior successful attempt to degrade the FS dye using Fe3O4 NPs. These 
findings underscore the significant promise held by JP-Fe3O4 NPs as a 
robust catalyst, poised to facilitate the highly efficient photocatalytic 
degradation of organic pollutants. The significant degradation rates 
found and the impact of pH 10 on the process lead to the conclusion that 
JP-Fe3O4 NPs might be used to treat a variety of water and wastewater 
streams polluted with organic contaminants. These findings imply that 
JP-Fe3O4 NPs have intriguing opportunities for resolving the problems 
associated with environmental contamination. 

The mechanism shown below demonstrates how holes and electrons 
contribute to dye deterioration [46].  

Fe3O4 + hν→e− + h+

O2 absorption: O2 + e− →O2
−

Ionization of water: H2O→OH− + H+

Protonation of superoxide: O2
− . +→H+ HOO.                                              

HOO. + e− →HO2
−

HOO− + H+→H2O2                                                                               

H2O2 +e− OH− +→OH                                                                         

Fig. 9. (a) UV–vis absorbance spectra of CV dye under UV (sunlight) illumination over JP-Fe3O4 NPs as a function of time, (b) the progression of CV dye degradation 
during consecutive time intervals, (c) the kinetics of CV dye degradation presented as a first-order linear plot with ln A0/A as a function of time, and (d) a column 
chart representing the distribution of CV dye degradation across different time intervals. 
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H2O + h+→H++OH                                                                              

Dyes + OH→Degradant product                                                              

The aforementioned OH radical is a very strong oxidant that is quite 
successful in breaking down different dyes like FS and CV. 

3.9. Anti-bacterial activities of fabricated JP-Fe3O4 NPs 

The efficiency of JP-Fe3O4 NPs as an antibacterial agent was assessed 
against both Gram-positive bacteria (Bacillus coagulans, staphylococcus 
aureus) and Gram-negative (Escherichia coli, Klebsiella pneumoniae) 
employing the well diffusion method. The results, shown in Fig. 10, 
indicate the diameter of inhibition zones (in mm) surrounding each well 
containing the JP-Fe3O4 NPs. The most favorable results were observed 
with 13, 15, 11, and 10 mm inhibition zones observed against Bacillus 

coagulans, staphylococcus aureus, Escherichia coli, and Klebsiella pneumo
niae at a concentration of 150 μL, comparing the standard drug, as 
presented in Table 4. Interestingly, the JP-Fe3O4 NPs demonstrated 
better antibacterial activity compared to the reference journals [47,48]. 

The antimicrobial effect of NPs may occur through various proposed 
mechanisms, but the primary mechanism by which these particles 
exhibit antibacterial properties appears to be the induction of oxidative 
stress via reactive oxygen species (ROS). ROS, which encompasses su
peroxide radicals (O2− ), hydroxyl radicals (–OH), hydrogen peroxide 
(H2O2), and singlet oxygen (1O2), have the capacity to inflict damage on 
cellular components such as DNA, proteins, and bacterial cell mem
branes [49]. In this study, it is suggested that JP-Fe3O4 NPs serve as a 
source of ROS, thereby inhibiting the growth of most pathogenic bac
teria. This is achieved through the reaction of Fe2+ with oxygen, 
resulting in the production of hydrogen peroxide (H2O2). Subsequently, 
the H2O2 interacts with ferrous irons in what is known as the Fenton 
reaction, giving rise to hydroxyl radicals that are recognized for their 
ability to harm biological molecules [50]. Additionally, the small size of 
JP-Fe3O4 NPs may contribute to their antimicrobial effectiveness, as 
they can interact with bacterial membranes and potentially penetrate 
the bacterial cell, ultimately hindering bacterial growth [51]. 

From Tables 4 and it can be observed that Gram-positive bacteria 

Fig. 10. Antibacterial activity of Fe3O4 NPs synthesized using Jatropha podagrica leaf extract for (a) Bacillus coagulans, (b) Staphylococcus aureus, (c) Escherichia coli, 
and (d) Klebsiella pneumoniae. 

Table 3 
Comparison of the photocatalytic degradation of Fe3O4 nanoparticles in the 
present work with previous works.  

Synthesis method Name of the 
dyes 

Removal 
time (min) 

Removal 
efficiency 
(%) 

Reference 

Green method 
(Jatropha 
podagrica leaf 
extract) 

Crystal violet 
Fluorescein 
sodium 

80 
100 

95 
93 

Present 
work 

Green method 
(Chlorella 
vulgari) extract 

Crystal violet 90 96.2 [43] 

Green method 
(Dolichos lablab L) 
pod extraxt 

Crystal violet 200 95 [44] 

Chemical method 
(Co-precipitation) 

Crystal violet 120 94.7 [45]  

Table 4 
Zone of inhibition at various concentrations of JP-Fe3O4 NPs.  

Name Bacillus 
coagulans 

Staphylococcus 
aureus 

Escherichia 
coli 

Klebsiella 
pneumoniae 

Shape Round Round Round Round 
Gram 

reaction 
Gram- 
positive 

Gram-positive Gram- 
negative 

Gram-negative 

50 μL 10 mm 13 mm 10 mm 9 mm 
100 μL 12 mm 14 mm 10 mm 9 mm 
150 μL 13 mm 15 mm 11 mm 10 mm 
Antibiotic 30 mm 32 mm 30 mm 26 mm  
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(Bacillus coagulans, staphylococcus aureus) showed higher sensitivity to 
JP-Fe3O4 NPs compared to Gram-negative bacteria (Escherichia coli, 
Klebsiella pneumoniae). This variation in susceptibility could be attrib
uted to the substantial peptidoglycan layer present in the cell wall of 
Gram-positive bacteria. This layer serves as a robust physical barrier, 
offering heightened protection. In contrast, Gram-negative bacteria 
possess both lipopolysaccharides and peptidoglycan, making them more 
resistant to the effects of JP-Fe3O4 NPs [52]. 

4. Conclusions 

In summary, we have successfully utilized an environmentally 
friendly approach to synthesize Fe3O4 nanoparticles by employing 
Jatropha podagrica leaf extract (JP- Fe3O4 NPs) as a capping agent. 
Various analytical techniques were employed to characterize these 
nanoparticles, confirming their distinctive features, including shapes 
like spheres, hexagons, cubes, and rods, with sizes ranging from 14 to 16 
nm. The JP-Fe3O4 NPs have displayed impressive photocatalytic effi
ciency, effectively breaking down FS and CV dyes in sunlight. These dyes 
degraded by 92–95 % within 100 and 80 min for FS and CV, respec
tively. We also assessed their antibacterial properties against both Gram- 
positive (Bacillus coagulans, staphylococcus aureus) and Gram-negative 
(Escherichia coli, Klebsiella pneumoniae) bacterial strains, resulting in 
inhibition zones of 13,15,11 and 10 mm using 150 μL of nanoparticles. 
These findings underscore the potential applications of JP-Fe3O4 NPs in 
addressing water pollution challenges and in developing potent anti
bacterial agents. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgment 

The authors express sincere gratitude to Dr. K. Basavaiah, professor 
in the Department of Analytical Chemistry at Andhra University, Visa
khapatnam, Andhra Pradesh, India, for generously facilitating UV–Vis 
spectroscopy for the purpose of characterizations. 

References 

[1] M. Zain, H. Yasmeen, S.S. Yadav, S. Amir, M. Bilal, A. Shahid, M. Khurshid, 
Applications of nanotechnology in biological systems and medicine, in: 
Nanotechnology for Hematology, Blood Transfusion, and Artificial Blood, Elsevier, 
2022, pp. 215–235, https://doi.org/10.1016/B978-0-12-823971-1.00019-2. 

[2] D.G. Actis, I.J. Bruvera, G.A. Pasquevich, P.M. Zélis, Fixed magnetic nanoparticles: 
obtaining anisotropy energy density from high field magnetization, J. Magn. Magn 
Mater. 563 (2022), 169962, https://doi.org/10.1016/j.jmmm.2022.169962. 

[3] H. Alijani, A. Noori, N. Faridi, S.Z. Bathaie, M.F. Mousavi, Aptamer-functionalized 
Fe3O4@ MOF nanocarrier for targeted drug delivery and fluorescence imaging of 
the triple-negative MDA-MB-231 breast cancer cells, J. Solid State Chem. 292 
(2020), 121680, https://doi.org/10.1016/j.jssc.2020.121680. 

[4] A.C.B. Jesus, J.D. Jesus, R.J.S. Lima, K.O. Moura, J.M.A. Almeida, J.G.S. Duque, C. 
T. Meneses, Synthesis and magnetic interaction on concentrated Fe3O4 
nanoparticles obtained by the co-precipitation and hydrothermal chemical 
methods, Ceram. Int. 46 (8) (2020) 11149–11153, https://doi.org/10.1016/j. 
ceramint.2020.01.135. 

[5] G. Asab, E.A. Zereffa, T. Abdo Seghne, Synthesis of silica-coated Fe3O4 
nanoparticles by microemulsion method: characterization and evaluation of 
antimicrobial activity, International journal of biomaterials (2020), https://doi. 
org/10.1155/2020/4783612, 2020. 

[6] M.A. Dheyab, A.A. Aziz, M.S. Jameel, P.M. Khaniabadi, B. Mehrdel, Mechanisms of 
effective gold shell on Fe3O4 core nanoparticles formation using sonochemistry 
method, Ultrason. Sonochem. 64 (2020), 104865, https://doi.org/10.1016/j. 
ultsonch.2019.104865. 

[7] E. Sohouli, E.M. Khosrowshahi, P. Radi, E. Naghian, M. Rahimi-Nasrabadi, 
F. Ahmadi, Electrochemical sensor based on modified methylcellulose by graphene 
oxide and Fe3O4 nanoparticles: application in the analysis of uric acid content in 
urine, J. Electroanal. Chem. 877 (2020), 114503, https://doi.org/10.1016/j. 
jelechem.2020.114503. 

[8] P. Hu, T. Chang, W.J. Chen, J. Deng, S.L. Li, Y.G. Zuo, A.A. Volinsky, Temperature 
effects on magnetic properties of Fe3O4 nanoparticles synthesized by the sol-gel 
explosion-assisted method, J. Alloys Compd. 773 (2019) 605–611, https://doi.org/ 
10.1016/j.jallcom.2018.09.238. 

[9] H. Mohammadi, E. Nekobahr, J. Akhtari, M. Saeedi, J. Akbari, F. Fathi, Synthesis 
and characterization of magnetite nanoparticles by co-precipitation method coated 
with biocompatible compounds and evaluation of in-vitro cytotoxicity, Toxicol Rep 
8 (2021) 331–336, https://doi.org/10.1016/j.toxrep.2021.01.012. 

[10] S.M. Fotukian, A. Barati, M. Soleymani, A.M. Alizadeh, Solvothermal synthesis of 
CuFe2O4 and Fe3O4 nanoparticles with high heating efficiency for magnetic 
hyperthermia application, J. Alloys Compd. 816 (2020), 152548, https://doi.org/ 
10.1016/j.jallcom.2019.152548. 

[11] C.E. Astete, C.S. Kumar, C.M. Sabliov, Size control of poly (d, l-lactide-co-glycolide) 
and poly (d, l-lactide-co-glycolide)-magnetite nanoparticles synthesized by 
emulsion evaporation technique, Colloids Surf. A Physicochem. Eng. Asp. 299 
(1–3) (2007) 209–216, https://doi.org/10.1016/j.colsurfa.2006.11.055. 

[12] G. Bonsignore, M. Patrone, S. Martinotti, E. Ranzato, “Green” biomaterials: the 
promising role of honey, J. Funct. Biomater. 12 (4) (2021) 72, https://doi.org/ 
10.3390/jfb12040072. 

[13] N. Rani, P. Singh, S. Kumar, P. Kumar, V. Bhankar, K. Kumar, Plant-mediated 
synthesis of nanoparticles and their applications: a review, Mater. Res. Bull. 
112233 (2023), https://doi.org/10.1016/j.materresbull.2023.112233. 

[14] J. Singh, T. Dutta, K.H. Kim, et al., ‘Green’ synthesis of metals and their oxide 
nanoparticles: applications for environmental remediation, J. Nanobiotechnol. 16 
(2018) 84, https://doi.org/10.1186/s12951-018-0408-4. 

[15] BHUSHAN Bhaskarwar, PRAKASH Itankar, ABHAY Fulke, Evaluation of 
antimicrobial activity of medicinal plant Jatropha podagrica (Hook), Roumanian 
Biotechnol. Lett. 13 (5) (2008) 3873–3877. 

[16] S. Thomas, Pharmacognostic and phytochemical constituents of leaves of Jatropha 
multifida Linn. and Jatropha podagrica Hook, J. Pharmacogn. Phytochem. 5 (2) 
(2016) 243–246. 

[17] N.N. Panzu, E.M. Lengbiye, A. Domondo, C.L. Inkoto, C.L. Muanyishay, B.Z. Gbolo, 
P.T. Mpiana, A review on the bioactivity and phytochemistry of Jatropha podagrica 
hook (euphorbiaceae), Discov. Phytomed. 7 (4) (2020) 186–194, https://doi.org/ 
10.15562/phytomedicine.2020.150. 

[18] V. Golthi, J. Kommu, A.V. Ramesh, A green and sustainable approach to the 
fabrication of ZnO nanoparticles via Jatropha podagrica leaf extract for effective dye 
degradation and antibacterial applications, Colloid Polym. Sci. (2023) 1–15, 
https://doi.org/10.1007/s00396-023-05187-x. 

[19] T.S. AlGarni, M.H. Ali, A.M. Al-Mohaimeed, Green biosynthesis of Fe3O4 
nanoparticles using Chlorella vulgaris extract for enhancing degradation of 2, 4 
dinitrophenol, J. King Saud Univ. Sci. 35 (1) (2023), 102426, https://doi.org/ 
10.1016/j.jksus.2022.102426. 

[20] M.S. Sharif, H. Hameed, A. Waheed, M. Tariq, A. Afreen, A. Kamal, W. Zaman, 
Biofabrication of Fe3O4 nanoparticles from spirogyra hyalina and ajuga bracteosa 
and their antibacterial applications, Molecules 28 (8) (2023) 3403, https://doi. 
org/10.3390/molecules28083403. 
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Abstract
A robust green synthesis method was employed using Jatropha podagrica (Buddha belly plant) leaf extract as a capping 
agent to prepare ZnO nanoparticles (ZnO NPs). Several analytical techniques such as XRD, SEM, SEM-EDX, HR-TEM, 
FT-IR, and UV-visible spectroscopy were employed to characterize the green synthesized JP-ZnO NPs. The XRD, SEM, 
and HR-TEM images proved the presence of spherical nanoparticles having a wurtzite crystalline structure with a size of 12 
to 18 nm. The characteristic vibration mode of the Zn-O bond was observed at 430 cm−1 in the FT-IR spectrum. The pho-
tocatalytic performance of these NPs was evaluated through the degradation of Rhodamine B (RhB), Fluorescein Sodium 
(FS), and Crystal Violet (CV) dyes in sunlight. Degradation rates of 90–95% were achieved in a time span of 1–2 h. The 
synthesized ZnO nanoparticles were efficient antimicrobial agents against gram-positive (Staphylococcus aureus, Bacillus 
coagulans) and gram-negative (Klebsiella pneumoniae, Escherichia coli) bacterial strains. Using the well diffusion method, 
with 150 µL of JP-ZnO nanoparticles, inhibition zones measuring 17, 15, 11, and 10 mm were formed. The current study 
highlights the efficiency of synthesized JP-ZnO nanoparticles in removing the dyes from aqueous solutions and their effi-
cient antimicrobial properties.

Keywords  ZnO nanoparticle · Jatropha podagrica plant · Dye degradation · Antioxidant activity

Introduction

In the contemporary world, there has been a continuous 
increase in industrialization and population growth, leading 
to the release of various new pollutants into aquatic environ-
ments. Specifically, the discharge of noxious dye effluents 
from industries like textile, paper, leather, and printing poses 
grave ecological and health hazards [1, 2]. Dyes such as 

Rhodamine B (RhB), Fluorescein Sodium (FS), and Crys-
tal Violet (CV) pose ingestion risks to humans and animals 
and induce skin, ocular, and respiratory irritation [3]. In a 
different context, the recurrence of contagious illnesses and 
the ongoing evolution of antibiotic resistance in numerous 
disease-causing bacteria present a significant global public 
health concern. Enterococcus, Staphylococcus, and Strepto-
coccus, which are closely related species, are harmful micro-
organisms that are attributed to a diverse range of infections 
and diseases [4].

In the realm of recent advancements in nanotechnology, 
nanomaterials play a crucial role due to their significant sur-
face area and volume ratio [5]. This characteristic makes 
them valuable for applications such as water purification and 
the creation of novel biocidal substances. Among various 
types of nanoparticles, zinc oxide nanoparticles (ZnO NPs) 
possess exceptional optical and electrical characteristics, 
making them an outstanding choice for n-type semiconduc-
tor materials [6]. These NPs demonstrate remarkable effi-
cacy in dye degradation [6, 7] and also exhibit antibacterial 
properties [8, 9], further highlighting their distinctiveness. 
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Numerous techniques have been documented for the produc-
tion of ZnO NPs, including hydrothermal [10], precipita-
tion [11], microwave [12], microemulsion [13], solvother-
mal [14], supercritical water [15], and sol-gel methods [16]. 
Recent progress in nanotechnology has spurred the rise of 
sustainable synthesis approaches for generating ZnO NPs 
[17, 18]. These environmentally synthesized ZnO NPs have 
garnered substantial interest for their prospective utilization 
across diverse domains, encompassing dye degradation and 
antibacterial functionalities. The utilization of these NPs 
offers a promising solution for addressing environmental 
challenges associated with dye pollution and combating the 
spread of drug-resistant bacteria. By harnessing the unique 
properties of green-synthesized ZnO NPs, researchers aim 
to explore their efficacy in degrading dyes and inhibiting 
the growth of pathogenic bacteria, presenting a sustainable 
and effective approach for environmental and healthcare 
applications [17–19]. This article delves into the dye deg-
radation and antibacterial activity of ZnO NPs synthesized 
through green methods, shedding light on their potential as 
eco-friendly alternatives in addressing pressing global con-
cerns [20–23].

Jatropha podagrica (JP), a traditional medicinal plant, 
has a history of being utilized for treating various ailments 
like fever, scabies, ulcers, and wounds. Additionally, it 
exhibits several beneficial properties including antitumo-
rigenic, antioxidant, and antibacterial activities [24]. The 
leaves of Jatropha podagrica have been analyzed and found 
to contain specific phytochemicals, namely, flavonoids (such 
as apigenin, acacetin, and luteolin), phenolic acids (includ-
ing vanillic, syringic, P-hydroxybenzoic acid, melilotic, 

cis-trans ferulic, P-coumaric, and phloretic acids), tannins, 
proanthocyanidins, and glycol flavones [25, 26]. ZnO NPs 
were successfully produced using leaf extract from the Jat-
ropha podagrica plant for the first time. The phytochemicals 
found within the extract played a crucial and multifaceted 
role in the Jatropha podagrica-capped ZnO nanoparticle 
(JP-ZnO NP) synthesis, serving both as capping agents and 
enhancing stability, surpassing that achieved through con-
ventional chemical synthesis methods [25]. Moreover, the 
presence of diverse phenolic acids within these phytochemi-
cals contributes to achieving well-defined sizes and shapes 
of ZnO NPs, outperforming analogous green-synthesized 
counterparts (as depicted in Table 1). To unlock the full 
potential of unexplored plant species, the selection of new 
and unique plants for nanoparticle synthesis is imperative. 
This approach allows researchers to diversify the spectrum 
of nanoparticles that can be effectively stabilized, achieved 
through the discovery of novel proteins and phytochemi-
cals derived from previously uninvestigated plant sources. 
Additionally, these novel plant species may offer additional 
advantages such as heightened productivity, reduced costs, 
or specialized attributes suitable for specific applications. 
In the present research, JP-ZnO nanoparticles displayed a 
surface with a negative charge, providing them with out-
standing adsorption properties for efficiently eliminating 
Rhodamine B (RhB), Fluorescein Sodium (FS), and Crys-
tal Violet (CV) dyes. Additionally, the antibacterial effec-
tiveness of these manufactured JP-ZnO NPs was evaluated 
against both Gram-positive bacteria (Staphylococcus aureus, 
Bacillus coagulans) and Gram-negative bacteria (Klebsiella 
pneumoniae, Escherichia coli).

Table 1   Comparison of the average size and morphology of ZnO nanoparticles in the present work with previous publications

Plant materials Precursor name Average size and morphology Applications Reference

Jatropha podagrica leaf extract Zn(OOCCH3)2.2H2O 12–18 nm and spherical shape Dye degradation and antibacterial 
applications

Present work

Calotropis procera extract Zn(NO3)2.6H2O 24 nm and spherical shape Photodegradation of methyl orange [17]
Solanum torvum L. leaf extract Zn(NO3)2.6H2O 28.24 and spherical shape Toxicological studies [27]
Simarouba glauca leaf extract Zn(NO3)2.6H2O 17–37 nm and hexagonal shape Antioxidant and antimitotic proper-

ties
[28]

Aegle marmelos fruit juice Zn(NO3)2.6H2O 17 nm and hexagonal shape Photodegradation, antibacterial and 
antioxidant

[29]

Punica granatum leaf extract Zn(NO3)2.6H2O 20 nm and spherical shape Photocatalytic degradation [30]
Pelargonium zonale leaf extract Zn(NO3)2.6H2O 50–60 nm and spherical in shape Antibacterial activities [31]
Azadirachta indica leaf extract Zn(NO3)2.6H2O 100–200 nm and triangular shape Antimicrobial activity [32]
Tetraselmis indica extract Zn(OOCCH3)2.2H2O 20–40 nm and spherical shape Antibacterial, antioxidant, and 

hemolytic activity
[33]

Aesculus hippocastanum extract Zn(OOCCH3)2.2H2O 40 nm and hexagonal shape Antibacterial activities [34]
Sechium edule leaf extract Zn(OOCCH3)2.2H2O 36.2 nm and spherical shape Antibacterial and anticancer studies [35]
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Materials and methods

Materials

Fresh Jatropha podagrica leaves were picked from the 
garden of the Government Degree College in Chodavaram, 
Andhra Pradesh, India. The initial source, zinc acetate 
dihydrate Zn(OOCCH3)2.2H2O (98% purity), sodium 
hydroxide (NaOH), Rhodamine B (RhB), Fluorescein 
Sodium (FS), and Crystal Violet (CV) were acquired from 
Merck in India and utilized without purification. Milli-Q 
water was utilized in all of the experiments.

Jatropha podagrica leaf extract preparation

Fresh JP plant leaves were collected and meticulously 
cleansed using warm water, followed by thorough rinsing 
with Milli-Q water. These leaves were then dried under 
shaded conditions for a duration of 25 days until com-
pletely dry. Once dry, the leaves were ground into a fine 
powder using a grinder. Subsequently, 1 g of the powdered 
sample was placed in a 250-mL glass beaker, and 100 mL 
of Milli-Q water was added. The blend was subsequently 
warmed using a heating mantle at 80 °C for 30 min, yield-
ing a brilliant golden-yellow solution. The solution was 
meticulously sieved using Whatman grade 1 filter paper 
to eliminate any particulate matter and subsequently sub-
jected to centrifugation at 8000 rpm for 5–10 min to attain 
a pristine extract solution. The resultant extract was then 
carefully stored in a refrigerator at 4 °C for subsequent 
processing [36].

Synthesis of Jatropha podagrica‑capped ZnO 
nanoparticles

In a standard eco-friendly synthesis procedure, 10 mL of  
the aqueous extract derived from JP leaves was blended  
with 100 mL of a 2 mM aqueous solution containing zinc 
acetate dihydrate. The amalgamation was subjected to stir-
ring at 80 °C for 30 min, leading to the creation of a vivid 
yellow solution. Following this, a 1 M solution of sodium 
hydroxide was meticulously introduced dropwise into the 
mixture, with uninterrupted agitation at ambient tempera-
ture. As a result, the yellow color of the mixture gradually 
transformed into a yellowish-white suspension, reaching a 
pH of 12. To purify the suspended particles, they were dis-
persed in Milli-Q water and then centrifuged at a speed of 
8000 rpm. The resultant white particles underwent repeated 
washing with Milli-Q water to purge impurities and yield 
the ultimate product. The white solid was then subjected 
to vacuum drying at 60 °C for 6 h in an oven. Lastly, the 

material was finely pulverized using a mortar and pestle, 
rendering it ready for subsequent characterization [36, 37].

Photocatalytic potential of JP‑ZnO NPs 
for the degradation of RhB, FS, and CV dyes

The photocatalytic effectiveness of JP-ZnO NPs against 
RhB, FS, and CV dyes was assessed using a readily available 
source of UV radiation — sunlight. In separate containers, 
0.01 g of JP-ZnO NPs was blended with 100 mL of 1 ppm 
solutions of RhB, FS, and CV dyes. To ensure the stability 
of the solutions against adsorption–desorption phenomena, 
the reaction mixtures were gently stirred in the absence of 
light for a duration of 1 h. After stabilization, the solutions 
were maintained in the sunshine with constant stirring using 
magnetic stirrers at pH 10. At regular intervals, constant 
samples were taken from each dye solution and the NPs were 
separated in a centrifuge at 8000 rpm. A UV spectrometer 
was used to measure the color intensities at 555 nm, 495 nm, 
and 590 nm for the RhB, FS, and CV dyes, respectively. The 
proportion of photocatalytic degradation and rate constants 
were calculated using the equation below:

In the equation, “A0” symbolizes the initial concentration, 
while “A” denotes the concentration at the culmination of 
the degradation process. The degradation constant is denoted 
by k, and t indicates the duration of sunlight irradiation [38].

Characterization of JP‑ZnO NPs

To ascertain the crystalline arrangement of the JP-ZnO NPs, 
a variety of analytical methodologies were applied. X-ray 
diffraction (XRD) measurements were carried out across a 
2θ range of 0 to 90° using a Bruker Kappa Apex II instru-
ment. The instrument was operated with CuKα radiation 
(λ = 1.54060 Å) at settings of 40 kV, 35 mA, and a scanning 
rate of 0.2 s. Fourier transform infrared spectra (FT-IR) of 
the samples were captured utilizing a Thermo Nicolet iS50 
spectrometer. Spectra were acquired within the frequency 
span of 4000–400 cm−1, using high-quality KBr pellets in 
transmission mode. For an in-depth investigation of the 
optical attributes, UV-Vis diffuse reflectance/absorbance 
spectroscopy was conducted on the synthesized samples. 
A Shimadzu (2450 – SHIMADZU) spectrophotometer, 
equipped with a diffuse reflectance accessory, was deployed 
under room temperature conditions. BaSO4 was utilized as 
a reference material, and measurements were executed over 
the wavelength range of 200–800 nm. The surface topog-
raphy and elemental composition of the JP-ZnO NPs were 

Degradation rate (%) =
((

A
0
− A

)

∕A
0

)

× 100

lnA
0
∕A = kt
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scrutinized through scanning electron microscopy (SEM). 
The specific apparatus employed was the JEOL 6390LA/
OXFORD XMX N, which featured energy-dispersive X-ray 
(EDX) spectroscopy. SEM images were recorded with an 
acceleration voltage of 20 kV. For a more comprehensive 
exploration of the microstructure and particle dimensions, 
high-resolution transmission electron microscopy (HRTEM) 
was engaged. The JEOL/JEM 2100 instrument was utilized 
at an operational voltage of 200 kV. Carbon-copper grids 
were used for sample preparation, enabling the acquisition of 
micrographs that facilitated particle size determination. Fur-
thermore, selected area electron diffraction (SAED) images 
were captured utilizing the HRTEM instrument.

Results and discussions

UV‑Vis spectroscopy studies

Figure 1 illustrates the UV-Vis absorption spectra of both 
JP leaf extract and JP-ZnO NPs. The leaf extract comprises 
a diverse array of phytochemicals, encompassing alkaloids, 
phenolic acids, flavonoids, tannins, proanthocyanidins, and 
glycol flavones. These compounds contribute to pronounced 
absorption bands at 280 and 351 nm [24]. Additionally, a 
well-defined absorption peak at 372 nm in the spectra sig-
nifies the presence of JP-ZnO NPs, predominantly arising 
from their capacity to absorb and scatter light [39]. Notably, 

the absence of absorption peaks at 280 and 351 nm in the 
JP-ZnO NPs spectra, which were originally observed in the 
JP leaf extract, implies that these phytochemicals play a piv-
otal role in the reduction and encapsulation of JP-ZnO NPs 
during the synthesis process [40].

FTIR analysis of the synthesized JP‑ZnO NPs

FTIR spectroscopy was employed to discern the specific 
functional groups existing within the synthesized NPs 
and to ascertain their molecular composition. To exam-
ine the data concerning functional groups found in the 
plant (as depicted in Fig. 2), it is evident that a wide 
peak detected at approximately 3500 cm−1 signifies the 
presence of a phenolic group. Additionally, the identifica-
tion of aromatic compounds is supported by the absorp-
tion of a broad peak around 1639 cm−1. Furthermore, 
the peaks observed at 1178.39 cm−1 and 1042.36 cm−1 
indicate the existence of amide functional groups and 
carbonated functional group vibrations within the plant. 
JP-ZnO NPs were analyzed (as shown in Fig.  2), and 
their absorption peaks were found to be in the range 
of 400–4000 cm−1. The peak at 429.08 cm−1 indicates 
the stretching frequency of Zn-O bonding [41]. Peaks 
observed at 917.20, 901.10, and 795 cm−1 can be assigned 
to carbonate moieties. The occurrence of the symmetric 
stretching of carboxyl side groups within the amino acid 
residues of protein molecules is potentially ascribed to 

Fig. 1   UV-Vis spectra of 
Jatropha podagrica (JP) leaf 
extract and Jatropha podagrica 
leaf extract-capped ZnO NPs
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the peak at 1410.06 cm−1 [42]. The presence of a peak 
within the 1550- to 1450-cm−1 range is likely linked to 
the C=C stretching of aromatic compounds [43]. Evident 
and robust absorption bands at 3397.10 and 2923.56 cm−1 
were identified, signifying the −OH stretching vibration 

intrinsic to phenolic groups and the −CH stretching vibra-
tion characteristic of aldehyde groups [44, 45]. These dis-
tinctive peaks within the IR spectrum serve as indicators 
of the purity and compositional makeup of the biofabri-
cated JP-ZnO NPs.

Fig. 2   FTIR spectra of Jatropha 
podagrica leaf extract and 
Jatropha podagrica leaf extract-
capped ZnO NPs

Fig. 3   XRD patterns of ZnO 
NPs using an aqueous leaf 
extract of Jatropha podagrica 
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XRD analysis of the synthesized JP‑ZnO NPs

The X-ray diffraction analysis, as shown in Fig. 3, revealed 
distinctive peak characteristic of JP-ZnO at various angles: 
31.98°, 34.63°, 36.47°, 47.75°, 56.82°, 63.07°, 66.68°, 
68.17°, 69.28°, 72.76°, and 77.18°. These peaks corre-
sponded to different crystal lattice planes, including (100), 
(002), (101), (102), (110), (103), (200), (112), (201), (004), 
and (202), respectively. The congruence of these peaks 
with the established JCPDS Card No. 89–0510 indicated 
the presence of ZnO NPs in the wurtzite crystalline struc-
ture. The well-defined and narrow diffraction peaks attested 
to a robust crystalline structure, while the absence of other 
signals verified the purity of the synthesized JP-ZnO NPs. 
Notably, the intensity of the (002) peak indicated the 

Table 2   The structure and geometric parameters of JP-ZnO NPs

Planes 2θ β cosθ Size (nm)

100 31.98 0.53635 0.96131 14.23869
002 34.63 0.41516 0.954683 18.26832
101 36.47 0.52835 0.949781 14.28094
102 47.75 0.71887 0.914431 10.10545
110 56.82 0.59138 0.879566 11.81562
103 63.07 0.67663 0.852321 10.00707
200 66.68 1.30914 0.835424 5.069625
112 68.17 0.6336 0.828207 10.38434
201 69.28 0.74629 0.82274 8.7581
004 72.76 0.37226 0.805101 17.18142
202 77.18 0.40693 0.781629 15.25936
Average size 12.30627

Fig. 4   a and b SEM images ZnO NPs capped with Jatropha podagrica leaf extract different magnifications and c EDX spectrum of ZnO NPs
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spherical morphology of the particles [46]. To calculate the 
average grain size of the samples, the Debye-Scherer equa-
tion was employed: D = kλ/βcosθ. Here, D represents the 
crystal size, λ stands for the wavelength of X-ray radiation 
(λ = 0.15406 nm) for Cu Kα, k is the shape factor (typically 
taken as 0.9), β denotes the full width at half maximum 
(FWHM), and θ represents the diffraction angle.

Table 2 represents the structure and geometric parameters 
of JP-ZnO NPs.

Employing the Debye-Scherer equation, the average size 
of the crystallites within the JP-ZnO NPs was computed 

to be 12.30627 nm (Table 2), confirming their nanoscale 
dimensions.

SEM‑EDX analysis of synthesized JP‑ZnO NPs

The surface characteristics of the produced JP-ZnO NPs 
were examined using a scanning electron microscope 
(SEM). As depicted in Fig. 4(a), (b), the particles exhib-
ited predominantly wurtzite crystalline structure and a 
spherical shape [47]. Some clustering of particles was 
observed, likely attributed to the presence of phenolic 

Fig. 5   a–d HR-TEM images, e 
size distribution histogram of 
using aqueous Jatropha podag-
rica leaf extract of ZnO NPs, 
and f SAED patterns
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compounds from the JP plant, which acted as a capping 
agent. To determine the chemical constitution of the ZnO 
NPs, an energy-dispersive X-ray spectrum (EDX) was 
obtained from a densely populated region (Fig.  4(c)). 
The EDX spectrum revealed significant signals from 
zinc atoms at 1 keV, 8.7 keV, and 9.6 keV, respectively, 
along with a single peak corresponding to oxygen atoms 
at 0.5 keV. The presence of a negligible amount of carbon 
atoms confirmed the high purity of the NPs. Additionally, 
minor peaks representing calcium (Ca), magnesium (Mg), 
and silicon (Si) atoms were detected, indicating the contri-
bution of these elements from the biological components.

TEM analysis of synthesized JP‑ZnO NPs

The dimensions, arrangement, and architecture of the 
synthesized JP-ZnO NPs underwent meticulous scrutiny 
through high-resolution transmission electron microscopy 
(HR-TEM). HR-TEM images at varying magnifications 

are showcased in Fig. 5(a–c). Scrutinizing these images 
unveiled that the average size of the JP-ZnO NPs resides 
within the range of 12–18 nm. Impressively, a measured 
“d” spacing of 0.22 nm harmonized with the d values 
derived from X-ray diffraction (XRD), thereby affirming 
the ZnO NPs’ wurtzite crystalline structure and spherical 
morphology [48], as visualized in Fig. 5(d). Significantly, 
Fig. 5(e) underscores that the particle size deduced from 
the HR-TEM analysis exhibited commendable concurrence 
with outcomes from the XRD analysis. The selected area 
electron diffraction pattern (SAED) of the JP-ZnO NPs 
is portrayed in Fig. 5(f). The SAED pattern indicated the 
presence of polycrystalline NPs in the JP-ZnO sample.

Plausible mechanism for fabrication of JP‑ZnO NPs

Figure  6 provides an illustrative representation of a 
potential procedure aimed at producing ZnO NPs uti-
lizing a water-based solution derived from the leaves of 

Fig. 6   A proposed mechanism 
of synthesized ZnO NPs using a 
Jatropha podagrica leaf extract
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JP. The procedure involves combining an aqueous leaf 
extract obtained from JP with zinc acetate hexahydrate 
(Zn(OOCCH3)2.6H2O) within a single aqueous phase. 
The leaf extract from JP contains a range of constituents, 
including phenolic acids, flavonoids, tannins, terpenoids, 
and carbohydrates. These components serve a dual purpose 
as both reducing and capping agents in the reaction. Nota-
bly, a remarkable chemical within the leaf extract is luteo-
lin, which complexes with zinc in the form of Zn+2 ions.

This initial complexation is followed by the sequen-
tial progression of events. First, there is the conception of 
zinc hydroxide (Zn(OH)2) via hydrolysis. Subsequently, 
through a process of calcination, the complex undergoes 
decomposition [49]. This decomposition process strongly 
favors the generation of JP-ZnO NPs.

A photocatalytic degradation of RhB, FS, and CV 
dyes by the fabricated JP‑ZnO NPs

To evaluate the photocatalytic activity of prepared JP-ZnO 
NPs, they were employed as catalysts in the photodegrada-
tion of RhB, CV, and FS dyes in sunlight. Figures 7, 8, and 
9 demonstrate the degradation of the dyes RhB, FS, and 
CV under sunlight, occurring at time intervals of 180 min, 
90 min, and 60 min, respectively. The UV-visible spectrom-
eter was used to measure the RhB, FS, and CV dye degra-
dation at regular intervals of 30 min, 20 min, and 15 min, 
respectively. Degradation efficiencies of 95%, 94%, and 90% 
were achieved for RhB, FS, and CV dyes, respectively. The 
degradation efficiency of the as-prepared JP-ZnO NPs was 
compared with that of recently reported ZnO NPs in Table 3.

Fig. 7   a UV-Vis absorbance spectra of RhB dye under UV (sunlight) 
illumination over JP-ZnO NPs as a function of time, b the progres-
sion of RhB dye degradation during consecutive time intervals, c the 

kinetics of RhB dye degradation presented as a first-order linear plot 
with ln A0/A as a function of time, and d a pie chart representing the 
distribution of RhB dye degradation across different time intervals
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The results of this study strongly suggest that JP-ZnO 
NPs possess significant promise as a material for effec-
tively catalyzing the degradation of organic pollutants 
through photocatalysis. The remarkable rates of degrada-
tion observed, coupled with the observable impact of vary-
ing pH conditions on the degradation process, highlight the 
potential application of JP-ZnO NPs in addressing a wide 
spectrum of water and wastewater pollution challenges stem-
ming from organic contaminants. These results suggest that 
JP-ZnO NPs offer promising prospects for addressing envi-
ronmental pollution challenges.

The following mechanism illustrates how electrons and 
holes contribute to dye degradation [56]:

ZnO + hν → e− + h+

O2 absorption: O2 + e− → O2
−

The aforementioned OH radical is an extremely potent 
oxidant, highly effective in the degradation of numerous 
dyes such as RhB, FS, and CV.

Ionization of water: H2O → OH− + H+

Protonation of superoxide: O2
− + H+

→ HOO

HOO + e− → HO
2

−

HOO− + H+
→ H

2
O

2

H
2
O

2
+ e− → OH− + OH

H
2
O + h+ → H+ + OH

Dyes + OH. → Degradant product

Fig. 8   a UV-Vis absorbance spectra of FS dye under UV (sunlight) 
illumination over JP-ZnO NPs as a function of time, b the progres-
sion of FS dye degradation during consecutive time intervals, c the 

kinetics of FS dye degradation presented as a first-order linear plot 
with ln A0/A as a function of time, and d a pie chart representing the 
distribution of FS dye degradation across different time intervals
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Antibacterial activities of synthesized JP‑ZnO NPs

The antibacterial effectiveness of JP-ZnO NPs was assessed 
against both Gram-positive bacteria (S. aureus, B. coagu-
lans) and Gram-negative bacteria (K. pneumoniae, E. coli) 

through the utilization of the well diffusion method. The 
outcomes of the zone inhibition technique are depicted in 
Fig. 10, illustrating the diameters of inhibition zones (meas-
ured in millimeters) encompassing each well containing the 
JP-ZnO NP solution. The JP-ZnO NPs prepared for this 

Fig. 9   a UV-Vis absorbance spectra of CV dye under UV (sunlight) 
illumination over JP-ZnO NPs as a function of time, b the progres-
sion of CV dye degradation during consecutive time intervals, c the 

kinetics of CV dye degradation presented as a first-order linear plot 
with ln A0/A as a function of time, and d a pie chart representing the 
distribution of CV dye degradation across different time intervals

Table 3   Comparison of the photocatalytic degradation of ZnO nanoparticles in the present work with previous works

Green materials Dye Light source Irradiation time 
(min)

Degradation  
efficiency (%)

Reference

Jatropha podagrica leaf extract Rhodamine B
Crystal Violet
Fluorescein Sodium

Sunlight
Sunlight
Sunlight

150
60
90

95
94
90

Present work

Alchemilla vulgaris leaf extract Rhodamine B Sunlight 120 75 [50]
Hibiscus sabdariffa L. petal extract Rhodamine B Sunlight 300 80.13 [51]
Paraserianthes lophantha leaf extract Rhodamine B UV light 180 83 [52]
Moringa oleifera peel extract Crystal Violet UV light 70 94 [53]
Delonix elata leaf extract Crystal Violet UV light 90 86 [54]
Sageretia thea aqueous extract Crystal Violet UV light 8 h 40.65 [55]
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study exhibited substantial antibacterial potency against S. 
aureus, B. coagulans, K. pneumoniae, and E. coli. Particu-
larly favorable outcomes were witnessed against S. aureus 

(17 mm), B. coagulans (15 mm), K. pneumoniae (11 mm), 
and E. coli (10 mm) at a concentration of 150 µL, surpassing 
the performance of conventional drugs. The plant extract 

Fig. 10   Antibacterial efficacy of ZnO NPs synthesized using Jatropha podagrica leaf extract for a S. aureus, b B. coagulans, c K. pneumoniae, 
and d E. coli 

Table 4   Zone of inhibition 
at different concentrations of 
JP-ZnO NPs

Name S. aureus B. coagulans K. pneumoniae E. coli

Shape Round Round Round Round
Gram reaction Gram positive Gram positive Gram negative Gram negative
50 µL 15 mm 12 mm 10 mm 10 mm
100 µL 16 mm 13 mm 11 mm 10 mm
150 µL 17 mm 15 mm 13 mm 11 mm
Antibiotic 40 mm 27 mm 40 mm 32 mm
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exhibited commendable activity against both Gram-positive 
and Gram-negative bacteria, resulting in an inhibition zone 
of 6 mm. At various JP-ZnO NP concentrations, Table 4 
shows the zone of inhibition.

From the aforementioned results, the susceptibility of 
Gram-positive bacteria (S. aureus, B. coagulans) exhib-
ited a heightened degree of susceptibility to JP-ZnO NPs 
in contrast to Gram-negative bacteria (K. pneumoniae, E. 
coli). This discrepancy in sensitivity can be attributed to the 
substantial presence of a thick peptidoglycan layer within 
the cell wall of Gram-positive bacteria, which serves as a 
robust physical barrier offering shielding and protection. In 
contrast, Gram-negative bacteria possess both lipopolysac-
charide and peptidoglycan, rendering them more resistant to 
the effects of JP-ZnO NPs [57–59].

Conclusions

In summary, we have successfully employed an eco-
friendly method for synthesizing ZnO nanoparticles, using 
Jatropha podagrica leaf extract as a capping agent. Dis-
tinct analytical techniques were employed to characterize 
the nanoparticles which confirmed their wurtzite crystal-
line structure, spherical shape, and size in the range of 12 
to 18 nm. The JP-ZnO nanoparticles have demonstrated a 
remarkable photocatalytic efficiency, effectively breaking 
down RhB, FS, and CV dyes under sunlight. The degrada-
tion rates of 90–95% were achieved within a time frame 
of 150, 90, and 60 min for RhB, FS, and CV dyes. We 
evaluated their antibacterial properties against both gram-
positive (S. aureus, B. coagulans) and gram-negative (K. 
pneumoniae, E. coli) bacterial strains. Using 150 µL of 
nanoparticles, inhibition zones measuring 17, 15, 11, and 
10 mm were obtained. These findings highlight the poten-
tial applications of JP-ZnO nanoparticles in addressing 
water pollution challenges and formulating potent anti-
bacterial agents.
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Abstract
The present study reports the trace elemental and heavy metal (24 elements) levels in six (Capsicum frutescence L., Carica 
papaya L., Momordica charantia L., Moringa oleifera Lam., Musa sapientum L., and Solanum melongena L.) vegetables. 
The vegetable samples are collected from the three villages and are subjected to ICP-MS analysis, to test a group of 24 ele-
ments, viz., Li, Be, Al, Sc, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Rb, Sr, Ag, Cd, Cs, Ba, TI, Rb, and U, for their levels. 
The obtained levels of each element were compared with the WHO/FAO permissible values. Out of the tested 24 elements, 
16 elements may cause kidney problems and the remaining 8 (Mn, Co, Ni, Cu, Zn, Se, Sr, and TI) may cause other health 
problems when they are in high concentration (FAO/WHO, 18; ATSDR, 19; Drake and Hazelwood in Ann Occup Hyg 
49:575–585, 20; US EPA, 21; FAO/WHO, 22; Choudhury et al., 23; Food Safety and Standards, 24). The results reveal that 
Ba is in high concentration (2.51 times) in all the tested vegetable samples and Pb is in high concentration (1.28 times) in 11 
vegetable samples; Ag and Fe are high in one vegetable sample each. Among the three locations highest Ba concentration 
is observed in S1 (Capsicum) of L2 followed by S5 (Musa) and S1 (Capsicum) of L1. The higher Pb concentration is present 
in S1 (Capsicum) of L3 followed by S1 (Capsicum) of L2. The results reveal that out of the six vegetables tested, Capsicum 
shows high concentrations of Ba and Pb. The variation in the levels of trace elements and heavy metals with regard to loca-
tion and vegetable samples may be due to soil and or due to groundwater.

Keywords  Chronic kidney disease · ICP-MS · Trace elements · Vegetables · Uddanam area

Introduction

Vitamins and minerals are micronutrients; they play vital 
role in various physiological processes and are necessary 
for maintaining overall health. Vegetables are vital compo-
nent of healthy diet; they provide important minerals that are 
essential for human health. Consuming vegetables ensures 
an adequate intake of these minerals, which are often found 
in higher amounts in plant-based foods than the animal-
based food sources. However, it is important to note that 
excessive intake of certain minerals through vegetables or 
any other way may cause adverse health effects; for example, 
excessive consumption of potassium-rich vegetables without 
proper monitoring can be problematic for individuals with 

kidney disorders. Similarly, many heavy metals are poten-
tially toxic to humans (WHO) [1].

Studies on trace elemental analysis of plant edible parts 
are not fully explored in the present study area (Uddanam); 
hence, the present study is taken up. According to the 
World Health Organization (WHO), Uddanam is one of 
three regions in the world with a high CKD incidence of 
18.23% [2]; the other two are one in Sri Lanka and other 
in Nicaragua. In 2015, it is estimated that more than 4500 
people have died in the Uddanam area over the past decade, 
with about 34,000 people suffering from kidney disease. 
Nearly every family in the region has at least one person 
diagnosed with the disease. These cases were first recog-
nized in early 1990s, and the phenomenon was discussed 
at the International Nephrology Conference in Hong Kong 
(2013) and named Uddanam Nephropathy [3]. In 2016, the 
Indian Council of Medical Research partnered with Harvard 
University, Baba Atomic Research Center (Mumbai), Health 
University (Andhra Pradesh), and Andhra Medical College 
(Vishakapatnam) to study the causes of CKD.
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Few studies that have been done on the analysis of trace 
elements in edible plant parts from the Uddanam area, 
such as rice and finger millet using the EDXRF technique, 
explored that Cu and Zn elements are in high concentration 
in both the samples and phosphorus is more in rice and Se 
is more in finger millet [4, 5]. Studies on analysis of trace 
elements of soil and water samples in this area have been 
carried out [6–8] and showed that the water and soil in the 
villages of Uddanam contain high concentration of miner-
als like ferrous, manganese, copper, and zinc [8]. Khandare 
et al. [9] identified excessive concentrations of Li, Si, and Sr 
in the groundwater of Uchapally village of Nellore district, 
Andhra Pradesh, India, which is also a CKD-prevalent vil-
lage, indicating presence of some elements and heavy metals 
in high concentration. K. Lal et al. [10] found that approxi-
mately 35% of Uddanam villages had acidic groundwater, 
while it is only 3% villages in other districts. High lead lev-
els were detected during the dry season and the lead levels 
exceeded permissible limits in 55% of villages. The study 
recommends treating groundwater with reverse osmosis 
(RO) for drinking and cooking purposes. Gowrishankar S. 
et al. [11] found recent evidence of dysmorphic lysosomes 
in renal biopsies and suggest a toxic cause for CKD. The 
etiology of the disease remains unknown.

Banerjee et al. [12] noticed excess lead content in all fruit 
and vegetable samples collected from the districts of West 
Bengal [12]. Mamatha et al. [13] identified excessive levels 
of cadmium and lead in leafy vegetables used by local peo-
ple in Pulivendula, Kadapa district of Andhra Pradesh [13]. 
Priya et al. [14] identified high levels of copper, chromium, 
iron, and lead in leaves of Sorrel (Rumex spp.) in the Musi 
River basin of Hyderabad [14]. Sapana Gupta et al. [15] 
found high levels of chromium, zinc, copper, and lead in 
leafy vegetables collected in the city of Raipur [15]. So far, 
many studies indicate that the water and soil of the Uddanam 
region contain trace elements in high concentration than per-
missible values. There are no attempts on trace elemental 
analysis in all the local plant vegetable parts that are fre-
quently consumed by the people of this region.

Materials and Methods

Study Area

Uddanam is a region covering few parts of the seven rev-
enue mandals or tahasils (Ichhapuram, Kanchili, Kaviti, 
Mandasa, Palasa, Sompeta, and Vajrapukothuru) in the 
Srikakulam district of Andhra Pradesh, India. The area is 
a lush green environment with rich coconut and cashew 
nut orchards along the coastline of the Bay of Bengal. 
However, it is known as the region with high incidence 
of CKD. Ravi Raju et al. [2] reported 15.9% CKD in their 

pilot study and 18.23% in their final study of age group 
above 18 years in Uddanam area, which is high incidence 
of CKD. Thousands of people are still suffering from this 
disease; till now, the reasons behind the cases of kidney 
failure are unknown and many investigations are being 
conducted to explore the cause(s) of this CKD, which is 
specific to this area. Worldwide, 697.5 million people are 
suffering from chronic kidney disease, of which 115.1 
million are Indians [16].

Geographically, Uddanam is located at 19.0167°N lati-
tude and 84.6833°E longitude, with an average elevation of 
41 m above sea level. It consists of 7 revenue mandals; we 
have chosen Kaviti revenue mandal because of high preva-
lence of CKD. We selected three revenue villages out of 21 
revenue villages in Kaviti mandal based on the patients num-
ber and data obtained from the Community Hospital Som-
peta. These three villages are Kusumapuram (L1), Varaka 
(L2), and Borivanka (L3) (Fig. 1A, B, C, D).

Sample Collection and Preparation

We identified six locally cultivated vegetables for trace ele-
mental and heavy metal analysis (Table 1), which are grown 
in their coconut orchards as intercrops and are frequently 
consumed. Samples from three selected villages are ana-
lyzed for the levels of trace elements and heavy metals by 
using ICP-MS instrument. Among the tested vegetable sam-
ples, 2 belong to the family Solanaceae, and one each from 
Caricaceae, Cucurbitaceae, Moringaceae, and Musaceae 
(Table 1).

The fresh samples of the selected vegetables collected 
from the farm fields directly from the three villages are kept 
in zip-locked bags and are brought to the laboratory. The 
samples are washed twice with distilled water and then sub-
jected to acid digestion process; that is, fast and accurate 
wet digestion method [17] is followed for the digestion of 
vegetable samples to digest all organic matter present in the 
vegetable samples and placed in ICP-MS to obtain the trace 
elemental levels.

Procedure

We used the ICP-MS instrument (Agilent Technologies, 
model 7700) available in Centre for Studies on Bay of Ben-
gal, Andhra University, Visakhapatnam. The sample prepa-
ration for ICP-MS analysis followed here is based on the 
oxidation and solubility of organic matter in plants when 
H2O2 (33%) is added directly to the concentrated HNO3 and 
heated for a short time. The instrument was switched on and 
is first run with the Standard Reference Materials of 0 ppb, 
0.5 ppb, 1 ppb, 5 ppb, 10 ppb, 25 ppb, 50 ppb, and 100 ppb, 
then the samples were ran, and the levels of 24 elements 
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Fig. 1   Study area

Table 1   Frequently consumed 
local vegetables used in the 
study

Sample no Botanical name Family English name Vernacular name

S1 Capsicum frutescence L Solanaceae Chilli Pachchi mirapa kaya
S2 Carica papaya L Caricaceae Papaya Boppayi kaya
S3 Momordica charantia L Cucurbitaceae Bitter gourd Kakara kaya
S4 Moringa oleifera Lam Moringaceae Drumsticks Munaga kada
S5 Musa sapientum L Musaceae Plantain Arati kaya
S6 Solanum melongena L Solanaceae Brinjal Vanga kaya
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were obtained (Li, Be, Al, Sc, V, Cr, Mn, Fe, Co, Ni, Cu, 
Zn, Ga, As, Se, Rb, Sr, Ag, Cd, Cs, Ba, TI, Rb, and U). The 
instrument conditions and parameters are stated in Table 2.

Wet Digestion

Modified HNO3/H2O2 wet digestion method (Pequerul et al. 
1993) [17] was followed. Two grams of vegetable sample 
is taken, kept in a Teflon beaker, mixed with 8 ml HNO3, 
and left overnight. The solution was heated on a hot plate at 
120–125 °C for 1 h and 4 ml H2O2 (33%) was added once or 
twice until the organic matter was completely digested. Then 
we added H2O2 until the solution is clear or colorless (indi-
cating complete digestion of organic matter). The residual 
solution was placed on a dry place at 80 °C, shaken well, 
cooled to room temperature, and filtered through Whatman 
filter paper. The solution is then diluted to a known volume 
(50 ml) with Milli-Q water. The digested filtrate solutions 
are stored in high-density polyethylene bottles (100 ml) at 
room temperature for further use.

Results and Discussion

Ten milliliters of digested solution was taken into centrifuga-
tion tubes, 20 μl of ISTD solution and 100 μl of HNO3 were 
added, and elemental content was analyzed with ICP-MS 
instrument. The levels of elements present in the vegetable 
samples are calculated with the help of the following for-
mula in ppb levels and then converted to ppm.

where X (μg) is the concentration of element in ppb, IR(S) is 
the instrument reading for sample, and IR(B) is the instrument 
reading for blank.

The obtained values are compared with the permissible 
values recommended by FAO/WHO (1990, 1995, 1997, 
2006, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015, 

X(�g) =
IR(S) − IR(B)

Weight of the sample (g)
× Dilution Factor

2016, 2017, 2018, 2019) and the Food Safety and Stand-
ards (Contaminants, Toxins, and Residues) Regulations 
(2011) [18–24]. A total of 24 elemental levels in 18 veg-
etable samples from 3 different locations (L1, L2, and L3) 
are obtained and presented in Table 3. Out of the 18 tested 
samples, all samples are found to have high levels of Ba 
and 11 samples had high levels of Pb. Fe and Ag are high 
in one sample each and the remaining are within the per-
missible levels. The study analyzed 18 vegetable samples 
from three different locations (L1–L3) for elemental levels. 
The levels of 24 elements are measured, and the results are 
presented in Table 3.

In 3 tested locations in Capsicum frutescence raw 
fruit, Ba is found in high concentration in 3 locations 
(36.67—L1, 43.92—L2, and 27.65 mg/kg—L3), and Pb is 
also present in high concentration in 3 locations (0.372—
L1, 0.798—L2, and 0.972—L3). Carica papaya raw fruit 
showed high concentration of Fe in one location (216.3 
mg/kg—L3), Ba in all three locations (30.12—L1, 33.73—
L2, and 21.8 mg/kg—L3), and Pb in one location (0.327—
L3). In Momordica charantia raw fruit, Ba is high in 3 
locations (31.6—L1, 32.29—L2, and 26.95 mg/kg—L3) and 
Pb is in 2 locations (0.415—L1, 0.511—L2). In Moringa 
oleifera raw fruit Ba is high in 3 locations (32.44—L1, 
29.23—L2, and 23.82 mg/kg—L3), Pb is high in one loca-
tion (0.416—L3), and Ag is high in one location (L2—
0.388). Musa sapientum contained high concentrations of 
Ba in 3 locations (42.22—L1, 33.34—L2, and 33.85 mg/
kg—L3) and Pb is also in 3 locations (0.353—L1, 0.304—
L2, and 0.460—L3). Solanum melongena had high concen-
trations of Ba in 3 locations (30.07—L1, 33.64—L2, and 
26.89 mg/kg—L3) and Pb is in one location (0.316—L2).

The results reveal that out of the 18 tested samples, bar-
ium (Ba) is present in high concentration in all samples, and 
lead (Pb) is present in 11 samples. Iron (Fe) and silver (Ag) 
are high in one sample each, and the remaining elements did 
not exceed the limits.

The high concentration of Ba is found in Carica papaya 
of Borivanka, followed by Capsicum frutescence of Var-
aka and Musa sapientum of Kusumapuram. The high 

Table 2   Instrument conditions and parameters

Serial no Parameter Value

1
2
3
4
5
6
7
8

RF power
Sampling depth
Carrier gas flow rate
Makeup gas
Spray chamber temperature
Collision gas
Water filter
Elements/isotopes measured

1550 W
8.0 mm
0.95 l min−1

0.20 l min−1

2 °C
He, 3.4 ml min−1 (99.999% purity)
 < 100-μm particle size
7Li, 9Be, 27Al,45Sc, 51 V, 52Cr, 55Mn, 56Fe, 59Co, 60Ni, 63Cu, 66Zn, 71 Ga, 75As, 78Se, 85Rb, 88Sr, 107Ag, 

111Cd, 133Cs, 137Ba, 205TI, 208Pb, and 238U
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concentration of Pb is observed in Capsicum frutescence 
of Borivanka, followed by Varaka. Pb levels are low in veg-
etable samples of Solanum melongena. Overall, the average 
high concentrations of elements were identified in Borivanka 
(L3) village, followed by Varaka (L2) and Kusumapuram 
(L1).

Discussion

Adeloju S. B. et al. [25] stated that some heavy metals are 
potentially toxic, resulting to cause renal toxicity, multiorgan 
toxicity, gastrointestinal irritation, etc. Fritz Pragst et al. [26] 
found lead and barium in high concentration in hair samples 

Table 3   Trace elemental and heavy metal levels (ppm) in vegetable samples by ICP-MS analysis

S1–S6 = samples 1–6; P.V. = permissible values (mg/kg or ppm) as per WHO/FAO; L1 (location 1) = Kusumapuram; L2 (location 2) = Varaka; L3 
(location 3) = Borivanka
*Trace elements and heavy metals in more concentrations than the WHO/FAO standards that are harmful to kidney

Element Li Be Al Sc V Cr Mn Fe Co Ni Cu Zn
P.V 5.6 8.4 60 22 50 2.4 15 50 0.14 5.0 3.5 50
S1 L1 0.043 0 9.96 5.547 0.035 0.535 0.376 9.082 0.013 0.348 0.644 10.19

L2 0.046 0 56.03 5.106 0.103 1.139 3.245 30.33 0.025 0.434 1.227 15.62
L3 0.019 0 44.63 6.810 0.029 0.454 1.035 27.32 0.025 2.013 0.895 18.77

S2 L1 0.007 0 8.76 5.108 0.018 0.613 0.523 7.31 0.01 0.297 0.02 6.83
L2 0.01 0 7.68 3.228 0.016 0.439 0.562 6.64 0.011 0.329 0.234 7.52
L3 0.016 0 10.25 6.735 0.429 0.65 0.865 216.3* 0.02 0.314 0.099 6.41

S3 L1 0.022 0 34.86 4.926 0.027 0.509 0.426 10.33 0.005 0.295 0.45 5.96
L2 0.011 0 7.82 4.279 0.016 0.392 0.26 6.199 0.005 0.237 0.135 5.22
L3 0.014 0 43.46 7.720 0.017 0.542 2.51 6.22 0.01 0.419 0.031 8.65

S4 L1 0.014 0 7.31 5.192 0.019 0.504 0.874 5.76 0.009 0.455 0.082 7.09
L2 0.005 0 11.05 2.114 0.016 0.483 0.359 5.89 0.01 0.283 0.132 4.30
L3 0.024 0 16.85 3.340 0.049 0.878 0.693 27.41 0.005 0.458 0.214 10.39

S5 L1 0.068 0 15.26 7.183 0.029 0.482 13.59 13.95 0.042 0.376 0.339 23.59
L2 0.032 0 9.66 3.82 0.029 0.419 0.424 7.53 0.006 0.2 0.045 3.90
L3 0.026 0 9.4 6.83 0.018 0.525 0.428 6.24 0.014 0.23 0 8.45

S6 L1 0.023 0 7.57 3.708 0.014 0.498 0.484 4.51 0.011 0.26 0.0008 11.58
L2 0.017 0 8.54 6.06 0.021 0.557 16.20 8.78 0.02 0.407 0.973 8.78
L3 0.02 0 24.94 6.02 0.014 0.461 0.747 5.61 0.003 0.568 0.196 8.89

Element Ga As Se Rb Sr Ag Cd Cs Ba Tl Pb U
P.V 3.0 0.18 1.5 5.0 10 0.175 1.5 90 12.6 1.5 0.3 7
S1 L1 0.003 0.01 0.006 0.587 1.395 0.048 0.006 0.0005 36.67* 0 0.372* 0

L2 0.013 0.031 0.133 1.107 2.832 0.124 0.013 0.002 43.92* 0 0.798* 0.01
L3 0.005 0.008 0.039 0.587 0.887 0.047 0.026 0.0001 27.65* 0 0.972* 0.0008

S2 L1 0.001 0.005 0.036 0.735 0.574 0.057 0.009 0.0001 30.12* 0 0.2 0
L2 0.002 0.002 0.037 0.823 0.63 0.122 0.011 0.0004 33.73* 0 0.28 0
L3 0.014 0.011 0.039 0.92 0.552 0.027 0.032 0.0003 21.80* 0 0.327* 0.0001

S3 L1 0.005 0.005 0.028 0.54 0.605 0.026 0.01 0 31.60* 0 0.415* 0.003
L2 0.002 0.003 0.007 0.489 0.72 0.033 0.011 0 32.29* 0 0.511* 0
L3 0.003 0.004 0.037 0.879 0.617 0.026 0.004 0 26.95* 0 0.252 0

S4 L1 0.002 0.005 0.017 0.531 1.137 0.035 0.008 0.0001 32.44* 0 0.254 0
L2 0.003 0.004 0.005 0.949 0.842 0.388* 0.009 0.0003 29.23* 0 0.214 0
L3 0.007 0.013 0.043 1.158 1.143 0.172 0.015 0.0003 23.82* 0 0.416* 0

S5 L1 0.006 0.009 0.03 1.92 1.847 0.048 0.018 0.001 42.22* 0 0.353* 0
L2 0.002 0.005 0 0.463 0.882 0.056 0.005 0 33.34* 0 0.304* 0
L3 0.003 0.005 0.015 0.266 0.705 0.087 0.019 0 33.85* 0 0.460* 0

S6 L1 0.002 0.007 0.007 0.504 0.698 0.104 0.007 0 30.07* 0 0.177 0
L2 0.002 0.015 0.021 2.356 3.258 0.04 0.01 0 33.64* 0 0.316* 0
L3 0.003 0.005 0.027 1.01 0.928 0.066 0.004 0.0001 26.89* 0 0.299 0
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of the population in South Sudan. They found significant 
health risk due to the deposition of toxic industrial waste 
in the affected area. Environmental barium and its poten-
tial health effects, including kidney diseases, neurological 
disorders, cardiovascular issues, and metabolic disorders, 
are well explained by Peana M. et al. [27]. They suggest 
for further research to understand its geographical variation, 
intake levels, and potential biochemical functions in humans.

The results of the study indicate that the vegetable sam-
ples contained high concentrations of certain elements, par-
ticularly Ba and Pb. These are excess than the limits recom-
mended by FAO/WHO and the Food Safety and Standards 
(Contaminants, Toxins, and Residues) Regulations of India 
(2011). The presence of these elements in high amounts 
raises concerns about the safety and potential health risks 
associated with frequent consumption of these vegetables.

The presence of elevated levels of Ba and Pb in the tested 
vegetable samples may be because of various factors, like 
environmental, agricultural practices, and may be presence 

of these elements in the irrigated soil or in irrigation water. It 
is important to know the possible sources of contamination 
and to take appropriate measures to mitigate their presence 
in the agricultural ecosystem.

Conclusion

In this study we analyzed 18 vegetable samples in 3 loca-
tions (villages), six vegetables in each for trace elemental 
levels. In all the three villages, Ba and Pb are in high concen-
trations. Fe and Ag are in high concentration in one sample 
each, and their excessive consumption may influence the 
functioning of kidneys [18–23]. On an average lead concen-
trations are 1.28 times higher and Ba is 2.51 times higher 
than the permissible values in the tested locations (Table 3).

These high concentrations of elements in the studied veg-
etable samples may be absorbed from soil and groundwater 
(naturally present in some locations) or may be due to usage 
of chemical pesticides and fertilizers. The study reveals that 
the extent of trace elements in local vegetables may enhance 
the risk of disease intensity, by consuming these vegetables 
frequently, and further research is to be needed in this area 
to find out the cumulative or additive affects of soil, ground-
water, and local plant edibles and or a single exact reason for 
CKD in Uddanam area. Among the three locations, average 
Ba and Pb concentrations are more (Fig. 2a, b) in Borivanka 
(L3), followed by Varaka (L2) and Kusumapuram (L1), and it 
reflects with the CKD patient intensity.

The studies on soil, groundwater, and all local plant edi-
bles will help in understanding the serological, urological, 
nutritional, and genetic studies of the CKD. The present 
study opens a new dimension to understand the role of trace 
elements behind the CKD by analyzing the trace elemental 
analysis of all local frequently consumed plant edible parts 
coupled with soil and irrigation water analysis. The stud-
ies [2, 3, 16] on soil and groundwater in Uddanam area 
reveal that Fe, Mn, Cu, and Zn metals are in high concen-
tration. Providing safe water to drinking, establishing more 
dialysis centers, and giving pensions to patients affected 
by CKD are a huge financial burden for governments in 
many areas where CKD is prevalent. This can be reduced 
by taking studies on the irrigation soils, irrigation water, 
and all edible local plants. The present study opens a new 
dimension to understand the impact of trace elements and 
heavy metals on CKD by analyzing the trace element and 
heavy metal content of all commonly consumed plant parts 
of local food crops along with soil and groundwater.
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Fig. 2   a Comparison of Ba levels with WHO/FAO permissible val-
ues in all samples in three locations. b Comparison of Pb levels with 
WHO/FAO permissible values in all samples in three locations. 
P.V. = permissible values; L1 = Kusumapuram; L2 = Varaka; L3 = Bori-
vanka
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A B S T R A C T   

Studies on elemental levels in frequently consumed local edibles in any region with a localized disease are 
meaningful. The present study has identified the levels of 24 elements in nine (6 cultivated and 3 wild) frequently 
consumed local leafy vegetables from three chronic kidney disease prevalent villages (a total 27samples) using 
ICP-MS. The comparison of obtained levels of these elements with WHO/FAO permissible values reveals the 
levels of Ba in all the tested samples, Pb in 15 samples is in excess, whereas Fe and Zn levels are below the 
required levels, and the other elements are in the permissible levels. Among the 27 tested samples, a high level of 
Ba was found in Allium cepa of L3, and Pb was in Amaranthus viridis of L2. Among the leafy vegetables Allium cepa 
from L3 and Amaranthus viridis from L2 showed high levels of Ba and Pb, respectively. In the three locations 
studied, average Ba and Pb levels are found more in Borivanka (L3) followed by Kusumapuram (L1) and Varaka 
(L2). Ba levels are excess in both cultivated and wild leafy vegetables, while Pb levels are slightly higher in 
cultivated than the wild leafy vegetables, which may be due to the usage of chemical pesticides and fertilizers. 
The present study signifies that frequent consumption of such leafy vegetables may influence the renal func
tioning in this area, along with other factors like drinking water, other edibles.   

1. Introduction 

The biological, chemical and physical properties of soil, water and 
air are generally localized and dynamic. They influence health that 
could result in any localized diseases in humans and all other organisms 
by means of edibles also. Any one, two, or all of these may cause diseases 
like Fluorosis, Goiter, Osteoporosis, Thyroid, etc. due to the excess or 
low levels of elements in water, soil, air and edibles. Studies on the 
elemental levels of local plant edibles in any region with a regional 
disease are of great relevance to find out the solution. Uddanam is one 
such area in Srikakulam District, Andhra Pradesh, India known for its 
high prevalence of Chronic Kidney Disease (Gadde et al., 2017; Tatapudi 
et al., 2018). Thousands of people are still suffering from this disease, 
and the cause(s) are still unclear. The problem of CKD is not only 
confined to the Uddanam area; it is also a global issue, affecting 697.5 
million people in the world, amongst them 115.1 million are Indians 
(Cockwell and Fisher, 2020). 

The World Health Organization (WHO) has identified the Uddanam 
area, along with two other regions (one in Sri Lanka and the other in 
Nicaragua), as having a high incidence of CKD (Ganguli, 2016). This 

phenomenon was discussed at the International Congress of Nephrology 
in Hong Kong (2013) and named Uddanam Nephropathy (Gadde et al., 
2017). Hence in 2016, the Indian Council for Medical Research joined 
with Harvard University, Bhabha Atomic Research Center, Mumbai, and 
Andhra Medical College, Visakhapatnam, to explore the cause(s) of CKD 
in this area.In the early 1990 s, kidney diseases were identified in the 
Uddanam area and in 2015, an estimated 4500 deathsand about 34,000 
people were affected over the last decade (Tatapudi et al., 2018). Nearly 
every family in this area has been impacted by this disease (Ganguli, 
2016). 

Among the different fields of study to know the reasons for CKD in 
this area, the identification of elemental levels in edible plant parts is 
one of the important directions which are not much explored except on 
rice and finger millet using the EDXRF technique, indicate both have 
excess levels of Cu and Zn, and also excess levels of P and Se in rice and 
finger millet (Raju et al., 2015, 2016), respectively. Cu, Cr, Fe, and Pb 
levels are reported high in leafy vegetable Sorrel (Rumex sps.) from the 
Musi River basin of Hyderabad (Swapna Priya et al., 2014), and Cd and 
Pb were found more in leafy vegetables from Pulivendula town, YSR 
Kadapa district of Andhra Pradesh, India (Mamatha et al., 2014). Pb was 
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Fig. 1. Area of the study.  

G.N. Murthy and P.B.S. Yadav                                                                                                                                                                                                              



Journal of Food Composition and Analysis 126 (2024) 105868

3

found in excess in fruits and vegetables from Kolkata and South 24 
Parganas (Banerjee et al., 2010); Cr, Zn Cu, and Pb are high in leafy 
vegetables from Raipur city (Gupta et al., 2013). The above studies 
reveal that plants accumulate elementsat excessive levels in their edible 
parts as well.The role of environmental Ba and its potential health ef
fects including kidney diseases were reviewed (Peana et al. 2021). The 
levels of Cr, Zn, Ni, Cd, Cu, Pb, and As were identified in leafy vegetables 
amaranth and spinach (Zhou et al., 2016; Sobur Ahmed et al., 2022). 
Elemental levels of Cr, Zn, Ni, Cd, and Fe were reported in amaranth 
(Affum et al., 2020). 

WHO (1973) categorized the trace elements into three distinct 
groups: i. Essential (Zn, Cu, Se, Cr, Co, I, Mn, Mo, Fe, B, etc.), ii. Probably 
essential (Cr, Ni, Se, Va, F, etc.), and iii. Toxic (Ag, As, Cd, Hg, Ni, Pb, 
etc). There are no previous attempts on elemental levelsin all the 
frequently consumed local leafy vegetables in Uddanam area; hence, the 
present study is takenup, which is an attempt to explore one of the 
causes of CKD, a local chronic health problem over decades, by knowing 
the levels of 24 elements to contribute something in understanding the 
reasons for CKD. 

2. Materials and methods 

2.1. Study area 

Uddanam is a region comprises some villages of seven Revenue 
Mandals or Tahasils, i.e., Ichapuram, Kanchili, Kaviti, Mandasa, Palasa, 
Sompeta, and Vajrapukotturu in the Srikakulam District of Andhra 
Pradesh State in India. It is located at 19.0167◦ N and 84.6833◦ E and 
has an average elevation of 41 m above the mean sea level (Fig. 1). It is 
dotted with lush coconut and cashew nut orchards along the coast of the 
Bay of Bengal. Among the seven Mandals, Kaviti, has a high prevalence 
of CKD. Based on the data on the number of CKD patients, obtained from 
the Community Hospital, Sompeta, three adjacent villages, i.e., Kusu
mapuram (L1), Varaka (L2), and Borivanka (L3), (Fig. 1) in Kaviti mandal 
have been chosen for the present study. 

2.2. Collection and preparation of samples 

We identified nine frequently consumed local leafy vegetables, and 

the details are given in Table 1. Fresh leafy vegetable samples are 
collected from the fields in the three adjacent villages (3 Locations) in 
Zip-locked bags and brought to the laboratory. The samples are washed 
twice with distilled water, then they are subjected to fast and accurate 
open wet digestion by hot plate method (Pequerul et al., 1993) to digest 
all the organic material in the samples. 

2.3. Methodology 

The ICP-MS instrument (Agilent Technologies Model 7700) available 
at the Centre for Studies on Bay of Bengal, Andhra University, Visa
khapatnam, is used to obtain the elemental levels, and its conditions and 
parameters are mentioned in Table 2. The ICP-MS converts complexes 
and/or residuals into ionomic form because of the high temperature 
(>6000 ◦C), which enables an accurate estimation of the concentration 
of each element. The ICP-MS instrument we used can measure the 
elemental levels in four Standards i.e., Standard-1, 2 A, 3, and 4 at parts 
per billion level. 

Under Standard-1, the elemental levels of 16 (Ce, Dy, Er, Eu, Gd, Ho, 
La, Lu, Nd, Pr, Sc, Sm, Tb, Tm, Y, and Yb), in Standard-3, 10 (Sb, Au, Hf, 
Ir, Pd, Pt, Rh, Ru, Te, and Sn) and in Standard-4, 12 (B, Ge, Mo, Nb, P, 
Re, S, Si, Ta, Ti, W, and Zr) can measure simultaneously, which are 
present in very small quantities in biological samples. Under standard- 
2A, the levels of 24 (Ag, Al, As, Ba, Be, Cd, Co, Cr, Cs, Cu, Fe, Ga, Li, 
Mn, Ni, Pb, Rb, Sc, Se, Sr, TI, U, V, and Zn.) elements can be measured 
simultaneously. Most of these are abundantly present in Earth’s crust 
and in biological samples and also are very essential for the growth and 
development. The presence of either excess or low levels of these ele
ments can lead to various health problems in humans. Hence, we have 
chosen the Standard-2A to findout the levels of these 24 elements. 

2.4. Wet digestion 

The improved HNO3/H2O2 wet digestion method (Pequerul et al., 
1993) was followed for the Plant sample preparation. 2 g of the plant 
sample was taken and placed in Teflon beakers, to which 8 mL of HNO3 
was added and left overnight. The solution was then heated on a hot 
plate at 120–125 ◦C for one hour, with one or two additions of 4 mL of 
H2O2 (33%) was continued until the solution became clear or colorless, 

Table 1 
List of frequently consumed local Leafy Vegetable samples tested for Elemental levels.  

Sample No. Botanical Name Family English name Vernacular (Telugu) name Vegetable 
type 

S1 

S2 

S3 

S4 

S5 

S6 

S7 

S8 

S9 

Allium cepaL. 
Alternantherasessilis(L.)R. Brex DC 
AmaranthusviridisL. 
Basella alba L. 
Hibiscus cannabinusL. 
MoringaolieferaLam. 
Murrayakoenigii(L.) Sprenge 
PremnalatifoliaRoxb. 
Randia aculeate L. 

Liliaceae 
Amaranthaceae 
Amaranthaceae 
Basellaceae 
Malvaceae 
Moringaceae 
Rutaceae 
Verbanaceae 
Rubiaceae 

Onion (young bulb with centric leaves) 
————— 
Amaranth 
Malabar Spinach 
Sorrel/Kenaf 
Drumstick (leaves) 
Curry leaf 
————— 
————— 

Ulli koora 
Ponnagantikoora 
Thotakoora 
Bachalikoora 
Gongoora 
Munagaakulakoora 
Karivepaku 
Nellikoora 
Balusukoora 

Cultivated 
Wild 
Cultivated 
〃 
〃 
〃 
〃 
Wild 
〃  

Table 2 
Conditions and Parameters of the used ICP-MS (Agilent Technologies Model 7700) instrument.  

Sl. 
No 

Parameter Conditions/Values  

1 
2 
3 
4 
5 
6 
7 
8 

RF Power 
Sampling depth 
Carrier gas flow rate 
Makeup gas 
Spray chamber temperature 
Collision gas 
Water filter 
Elements/ Isotopes measured 

1550 W 
8.0 mm 
0.95 L min− 1 

0.20 L min− 1 

20C 
He, 3.4 mL min− 1 (99.999% purity) 
< 100 µm particle size 
7Li,9Be,27Al,45Sc,51V,52Cr,55Mn,56Fe,59Co,60Ni,63Cu,66Zn,71Ga,75As,78Se,85Rb,88Sr,107Ag,111Cd,133Cs,137Ba,205TI,208Pb, and238U  
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indicating the complete digestion of organic material in the plant sam
ple. The solution was then kept at 80 ◦C for 10–15 min. After cooling to 
room temperature, it was shaken well and filtered through Whatman 
filter paper. The filtrate solution was diluted with ultrapure water to a 
fifty-dilution factor, and stored in 100 mL high-density poly ethylene 
bottles for elemental analysis. 

The instrument was calibrated using certified reference materials 
(CRM) at 0, 0.5, 1, 5, 10, 25, 50, and 100 µg kg− 1 concentrations prior to 
running the samples. After calibrating (Calibration values are given in 
table 5 and supplied as supplementary information) the ICP-MS 

instrument with CRM, we ran the samples and obtained the levels of 24 
(Li, Be, Al, Sc, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Rb, Sr, Ag, Cd, Cs, 
Ba, Ti, Rb, and U) elements. 10 mL of filtrate solution was taken, and 
20 µL of ISTD (Internal Standard Spiking Solution) solution and 100 µL 
of HNO3 were added in a centrifuge tube. The levels of elements in each 
sample of each location were measured using the following formula in 
µg kg− 1 level and then converted to mg kg− 1 level. 

X(µg) =
IR(S)− IR(B)

Weight of the Sample(g) × Dilution Factor 
Where; X (µg) = concentration of element in µg kg− 1, I R(S) 

Table 3 
Elemental levels (in mg kg− 1) in all tested samples from the three locations.  

Element Li Be Al Sc V Cr Mn Fe Co Ni Cu Zn 

P.V. 5.6 8.4 60 22 50 2.4 15 50 0.14 5.0 3.5 50 
S1 L1 

L2 

L3 

0.02 
0.01 
0.11 
0.02 
0.00 
0.03 
0.02 
0.03 
0.02 
0.02 
0.01 
0.02 
0.03 
0.02 
0.03 
0.03 
0.03 
0.05 
0.05 
0.01 
0.11 
0.05 
0.02 
0.03 
0.21 
0.02 
0.04 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

6.28 
10.82 
12.9 
8.21 
62.45* 
11.42 
13.27 
36.79 
51.00 
14.76 
37.15 
6.20 
12.58 
11.28 
39.59 
19.77 
5.74 
122.5* 
12.78 
10.34 
16.21 
7.64 
11.67 
17.22 
11.42 
6.64 
13.20 

5.42 
3.94 
17.23 
4.87 
3.22 
6.78 
10.24 
3.36 
6.58 
4.89 
4.01 
4.97 
5.12 
4.03 
9.89 
5.24 
4.65 
6.33 
5.86 
4.79 
7.71 
5.10 
4.21 
7.07 
5.19 
3.32 
6.11 

0.01 
0.02 
0.02 
0.02 
0.02 
0.04 
0.04 
0.04 
0.04 
0.03 
0.02 
0.01 
0.04 
0.03 
0.07 
0.07 
0.01 
0.02 
0.03 
0.02 
0.04 
0.02 
0.03 
0.04 
0.03 
0.01 
0.04 

0.48 
0.39 
0.92 
0.51 
0.46 
0.59 
0.61 
0.54 
0.62 
0.49 
0.45 
0.50 
0.49 
0.61 
0.67 
0.75 
0.31 
0.46 
0.49 
0.43 
0.74 
0.46 
0.44 
0.60 
0.48 
0.48 
0.62 

1.11 
0.96 
11.06 
7.46 
0.85 
12.04 
3.92 
3.82 
4.02 
1.33 
1.37 
0.46 
32.95# 

11.92 
27.68# 

5.91 
13.15 
1.52 
2.57 
5.83 
4.65 
15.67# 

8.50 
3.30 
18.82# 

0.53 
34.63# 

4.45 
6.63 
21.25 
8.75 
16.09 
14.58 
12.08 
19.00 
27.79 
16.58 
20.13 
5.04 
18.16 
12.57 
40.69 
35.39 
5.21 
13.32 
15.37 
9.72 
24.27 
21.02 
15.73 
23.63 
16.07 
5.47 
14.92 

0.004 
0.01 
0.07 
0.02 
0.01 
0.02 
0.03 
0.06 
0.03 
0.03 
0.01 
0.005 
0.06 
0.06 
0.05 
0.02 
0.01 
0.01 
0.01 
0.03 
0.02 
0.06 
0.03 
0.04 
0.02 
0.00 
0.04 

0.21 
0.44 
5.46# 

0.24 
0.19 
0.35 
0.42 
0.34 
0.33 
0.41 
0.51 
0.23 
0.65 
0.51 
0.54 
0.27 
0.29 
0.41 
0.76 
1.79 
0.68 
0.66 
0.49 
0.55 
0.45 
0.27 
0.63 

0 
0.22 
5.53# 

0.13 
0.19 
0.24 
3.25 
1.45 
0.20 
0.08 
0.22 
0.11 
0.27 
0.91 
0.27 
0 
0.73 
0.27 
0.89 
1.33 
0.78 
0.40 
0.47 
0.32 
0.40 
0.16 
0.32 

5.18 
5.41 
33.65 
8.44 
4.12 
11.49 
21.19 
8.51 
8.58 
6.30 
5.66 
5.47 
10.83 
7.25 
9.08 
6.48 
6.18 
8.82 
9.45 
14.01 
8.68 
6.59 
8.91 
9.81 
7.03 
6.15 
9.99 

S2 L1 

L2 

L3 

S3 L1 

L2 

L3 

S4 L1 

L2 

L3 

S5 L1 

L2 

L3 

S6 L1 

L2 

L3 

S7 L1 

L2 

L3 

S8 L1 

L2 

L3 

S9 L1 

L2 

L3  

Element Ga As Se Rb Sr Ag Cd Cs Ba Tl Pb U 
P.V. 3.0 0.18 1.5 5.0 10 0.175 1.5 90 12.6 1.5 0.3 7 
S1 L1 

L2 

L3 

0 
0 
0.01 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.01 
0 
0 
0 
0 
0 
0.06 
0 
0 
0 
0 
0 
0 

0 
0 
0.01 
0 
0 
0.01 
0.02 
0 
0.01 
0 
0 
0 
0.01 
0.01 
0.01 
0.01 
0 
0.01 
0 
0 
0.01 
0.01 
0 
0.01 
0.01 
0 
0.01 

0.01 
0. 
0.12 
0.01 
0.54 
0.03 
0.01 
0.01 
0.03 
0.02 
0 
0.01 
0.01 
0.06 
0.08 
0.08 
0.01 
0.12 
0.01 
0.22 
0.09 
0.01 
0.01 
0.03 
0.01 
0 
0.03 

0.28 
0.32 
4.67 
1.17 
0.49 
1.45 
3.72 
1.16 
0.97 
1.07 
0.64 
0.66 
0.28 
0.39 
0.25 
0.71 
2.05 
1.46 
1.05 
5.09 
1.43 
0.66 
1.54 
2.10 
1.35 
0.47 
2.32 

2.15 
0.77 
1.34 
3.59 
4.22 
4.85 
6.28 
2.76 
3.68 
1.36 
0.81 
0.58 
3.99 
1.86 
2.41 
3.19 
2.76 
1.03 
5.60 
0.89 
5.82 
2.05 
1.19 
0.85 
4.18 
0.58 
0.99 

0.01 
0.03 
0.29 
0.02 
0 
0.16 
0.02 
0.10 
0.05 
0.06 
0.08 
0.07 
0.02 
0.03 
0.03 
0.02 
0.02 
0.10 
0.04 
0.05 
0.07 
0.06 
0.03 
0.05 
0.04 
0.12 
0.04 

0 
0 
0.05 
0 
0.01 
0.03 
0.02 
0.03 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 
0 
0.01 
0.02 
0.01 
0.01 
0.01 
0 
0.01 
0.01 
0.01 
0 
0.03 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

33.19* 
32.97* 
71.54* 
33.22* 
28.92* 
33.86* 
35.21* 
30.27* 
28.61* 
24.57* 
30.24* 
31.55* 
35.95* 
38.81* 
26.86* 
34.07* 
27.00* 
32.19* 
38.56* 
32.63* 
35.27* 
30.07* 
37.59* 
42.21* 
36.41* 
32.63* 
39.33* 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.14 
0.28 
1.00* 
0.32* 
0.26 
0.77* 
0.22 
1.14* 
0.61* 
0.33* 
0.31* 
0.29 
0.28 
0.27 
0.37* 
0.65* 
0.18 
0.38* 
0.30* 
0.32* 
0.31* 
0.25 
0.36* 
0.28 
0.25 
0.14 
0.51* 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

S2 L1 

L2 

L3 

S3 L1 

L2 

L3 

S4 L1 

L2 

L3 

S5 L1 

L2 

L3 

S6 L1 

L2 

L3 

S7 L1 

L2 

L3 

S8 L1 

L2 

L3 

S9 L1 

L2 

L3 

S1-S9: Samples 1–9; P.V.: Permissible Values (mg kg-1) of FAO/WHO 
L1 (Location1) = Kusumapuram, L2 (Location2) = Varaka, L3 (Location 3) = Borivanka 
* Element harmful to kidney if more than the FAO/WHO Values 
# Element causes other health problems if more than the FAO/WHO Values 
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= instrument reading for plant sample, I R (B) = instrument reading for 
blank. 

3. Results and discussion 

3.1. Results 

The obtained levels of 24 elements in 9 local leafy vegetables from 3 
different locations, (a total 27 samples) are presented in Table 3, and 
compared with the FAO/WHO permissible values (FAO/WHO, 1997; 
Choudhury and Cary, 2001; and Food Safety and Standards (contami
nants, toxins and residues) Regulations, 2011). The results reveal that in 
all the tested samples Ba levels are excess and Pb levels are excess in 15 

samples (7 from L3, each 4 from L2 and L1) than the permissible values 
(FAO/WHO, CXS 193–1995) (S1-L3, S2-L1, L3, S3-L2,L3, S4-L1,L2, S5-L3, 
S6-L1,L3, S7-L1,L2,L3, S8-L2, S9-L3). It is observed that Pb levels are more 
in L3 than L2 and L1. It is high in 77.77% samples of L3, and 44.44% in L2 
and L1. So, Pb levels are present in the following manner L3 > L2 > L1. 
The results reveal that there is a strong correlation, reflecting with the 
CKD patient number. The National Institute of Nutrition (NIN, 2011) in 
Hyderabad, India, recommends a minimum intake of Zn of 
10–15 mg/day and Fe of 21–45 mg/day for adults in India. In 22 plant 
samples, Zn is at a low level (S1- L1, L2, S2- L1, L2, S3- L2, L3, S4- L1, L2, L3, 
S5-L2, L3, S6- L1, L2, L3, S7- L1, L3, S8- L1, L2, L3 and S9-L1, L2, L3). Fe is at a 
low level in 20 samples (S1- L1, L2, S2- L1, L2,L3, S3- L1,L2, S4- L1, L2, L3, 
S5-L1,L2, S6- L2,L3, S7- L1,L2, S8- L2 and S9-L1,L2,L3) than the minimum 

Fig. 2. a & b. Comparison of Ba and Pb levels with WHO/FAO Permissible Values in three locations.  
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required level. 
Among the 27 tested samples a high level of Ba was found in Allium 

cepa of L3 (71.54 mg kg− 1 followed by Premna latifolia of L3 
(42.21 mg kg− 1) (Fig. 2a) and Pb was found in Amaranthus viridis of L2, 
(1.14 mg kg− 1) followed by Allium cepa of L3 (1.00 mg kg− 1) (Fig. 2b). 
In the three locations studied, the average excess levels of Ba and Pb 
elements are in Borivanka (L3) village, followed by Varaka (L2) and 
Kusumapuram (L1). The present study reveal that the leafy vegetables 
used Allium cepa from L3 and Amaranthus viridis from L2 showed high 
levels of Ba (average- 45.9 mg kg− 1) and Pb (average- 0.65 mg kg− 1), 
respectively. 

3.2. Discussion 

Mineral ions and vitamins are crucial for human health; and leafy 
vegetables are rich sources of these nutrients. Plant based foods are good 
source of these than animal-based foods. However, excessive con
sumption of certain elements in foods, can lead to health problems; for 
example, excessive consumption of Palak (Spinacia oleracea L.) which is 
rich in Ca, results in stone formation in the kidneys. Moreover, heavy 
metals like Hg, Pb, Ba, etc. are toxic to humans (WHO, 2007), while 
trace elements like Zn, Cu, Fe, Se, etc. are essential. Zn deficiency may 
lead to renal dysfunction, Cu can impact collagen metabolism, Se pro
tects the kidneys from oxidative stress, and Fe is vital for red blood cell 
production and proper kidney function. 

The results of the present study are in line with the work done 
elsewhere on the globe. High levels of Lead (0.1–0.9 mg kg− 1) were 
found in green leafy vegetables in three selected local government areas 
in Osun State, Nigeria (Oyekanmi Adeyinka et al., 2014). High levels of 
various heavy metals (Fe, Zn, Mn, Cu, Pb, Cr, As, Cd, Hg, As, Ni, and Cd), 
were reported in water, soil, and crops in Hamadan, Iran (Ava Kharazi 
et al., 2021). High levels of heavy metals (Cu > Pb > Cd > As > Sn > Hg) 
were reported in spinach, lettuce, and parsley from various regions of 
Turkey by ICP-MS. Spinach had the high Cu (5.1 ± 0.3 mg kg− 1), let
tuce, and parsely had high Pb content (0.106 ± 0.007 mg kg− 1) (Zor and 
Kocaoba, 2023). 

Excess levels of Ba (average of 30.40 mg kg− 1) and Pb (average of 
0.338 mg kg− 1) were found in frequently consumed local vegetable 
samples from the same study area, which is similar study (Murthy and 
Yadav, 2023). Dietary analysis in the Uddanam region, including rice, 
marine and fresh water fish, and amaranth, revealed that heavy metal 
intake exceeding safe levels for Pb, Cr, and Mn (Vidhu Gupta, et al., 
2022). They suggested, to finding out heavy metal levels in other food 
items and vegetables in this region. Excess Ba levels were present in all 
27 samples (average- 34.58 mg kg− 1), while Pb levels were excess in 15 
samples (average- 0.38 mg kg− 1). The determination of limit of 

detection (LOD) and limit of quantification (LOQ) is very crucial for 
assessing the method’s sensitivity; so, these are calculated and provided 
in Table 4. Additionally, the study revealed deficiency of Zn (81.48% 
samples) and Fe (74.07% samples) in the tested leafy vegetables. Low 
levels of Zn and Fe may impact kidney function; so, deficiencies can be 
fulfilled by incorporating foods rich in Zn and Fe, into the diet or by 
using supplements, especially if deficiencies are confirmed through 
serological or urological assessments. 

It also reveals an important finding, that the wild leafy vegetables 
(S2, S8, and S9) (a total of 9 samples), 55% exhibited high Pb levels, and 
44% had low levels. In cultivated leafy vegetables (S1, S3, S4, S5, S6, and 
S7) (a total of 18 samples), 61% had high Pb levels, and 39% had low 
levels. It reveals that elemental levels are slightly higher in cultivated 
leafy vegetables than the wild, it is may be due to over usage of chemical 
fertilizers and pesticides. 

4. Conclusions 

The present study reveals that all samples exceed Ba by 2.74 times, 
and 15 samples contain elevated levels of Pb by 1.3 times, and Al is in 
two samples (L2-S2 and L3-S6) only, which may influence kidney func
tion. It also found that excess amount of Mn in five samples and Ni in one 
sample which may cause health problems other than CKD, remaining 
elements are present within the permissible values. The inconsistency 
observed in elemental levels among and between the leafy vegetable 
samples and locations may be due to the nature of soil or groundwater or 
both. The excess Ba and Pb levels are likely due to absorption from 
natural sources or due to excessive usage of fertilizers and pesticides. Zn 
and Fe are found in low levels; so, along with other risk factors, con
sumption of such leafy vegetables may enhance renal problems. Further 
studies should focus on soil and groundwater analysis in relation to 
edibles and their consumption patterns like quantity, frequency, etc., to 
find out specific cause(s) of CKD in the Uddanam area. 

In CKD-prevalence areas, there are financial burdens on local gov
ernments, such as providing healthcare facilities, safe drinking water, 
pensions, etc.; it can be reduced by conducting studies on the levels of 
elements in soil, groundwater, and all local edibles to understand their 
role in CKD. This study provides a new dimension by assessing 24 ele
ments in all local leafy vegetables, and it suggests soil and water anal
ysis, along with local edibles to find out exact reason for any localized 
disease like CKD. Such research can set an example for studying local 
edibles in areas with localized diseases worldwide. Analysing the 
elemental content of frequently consumed local plant edibles is essential 
for comprehending their role in CKD and other regional diseases in the 
world. Once the elemental levels are identified, consumption and 
accumulation patterns can be determined. This study is useful in future 
studies like knowing the elemental levels in plant edibles, soil, 
groundwater and their comparison in any localized disease like CKD in 
any part of the world. 
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Table 4 
LOD and LOQ Data of the elements determined by ICP-MS.  

Element LOD 
(µg/L) 

LOQ 
(µg/L) 

Be 0.836 2.535 
Al 1.004 3.042 
V 0.845 2.560 
Cr 0.890 2.697 
Mn 0.873 2.645 
Fe 1.400 4.243 
Co 0.885 2.683 
Ni 0.902 2.732 
Cu 1.409 4.268 
Zn 1.035 3.138 
As 0.888 2.690 
Se 0.907 2.747 
Ag 0.797 2.415 
Cd 0.869 2.633 
Ba 0.909 2.753 
Pb 0.862 2.612 
U 0.855 2.592  
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Abstract: Leafy vegetables are rich sources of nutrients including mineral ions, which are essential for proper functioning of body 
organs. Premna is one such wild leafy vegetable, leaves of Premna have been collected from three different villages, these samples are 
analyzed for elemental levels by using Inductively Coupled Plasma - Mass Spectroscopy (ICP - MS), to measure the values of 6 essential 
elements in each sample. Essential trace elements Al, Mn, Fe, Co, Cu, and Zn have been measured for their levels. The concentration of 
each element of this plant is calculated and reported.  
 
Keywords: ICP - MS, Trace elements, Wild plants, Leafy vegetables, Nutrition value 
 
1. Introduction 
 
Wild and cultivated leafy vegetables are rich sources of 
essential nutrients, offering a lot of health benefits, some of 
them are having harmful elements also at high levels 
(Murthy and Yadav, 2024). Wild varieties, found in natural 
ecosystems, include species like Portulaca oleracea, 
Polygonum plebijum, Trianthemamonogyna, etc. (Rekha, 
2018). These plants are characterized by their flexibility and 
adaptability, thriving in diverse environments. On the other 
hand, cultivated leafy vegetables, such as spinach (Spinacia 
oleracea), kale (Brassica oleracea var. acephala), Trigonella 
foenum - graecum, Swiss chard (Beta vulgaris var. cicla) etc. 
are mainly grown for culinary purposes (Kumar, 2020). 
They are all packed with vitamins, minerals, and 
antioxidants, contributing to overall health. They are 
particularly rich in vitamin K, vitamin A, folate, Iron, and 
Calcium; promoting bone health, immune function, and 
vision. This present study is an attempt to estimate the 
elemental values in a wild leafy vegetable.  
 
2. Materials and Methods 
 
2.1 Study area 
 
Study area situated in the Kaviti Revenue Mandal of 
Srikakulam district, Andhra Pradesh, India, where this plant 

is widely used as leafy vegetable. Three villages 
(Kusumapuram, Varaka, and Borivanka) have been 
selectedand the samples are collected from these villages 
and analyzed for elemental values. The details of the study 
area are provided in Fig.1.  
 
2.2 Morphology:  
 
Scientific name: Premna latifolia Roxb.; Family: 
Verbanaceae 
Common name (s): Nellikura (Telugu), Jhatela, Basota 
(Hindi), Jaya, Agimantha, Sriparna (Sanskrit).  
 
Premnaplants are shrubs or small trees nearly 10 - 15 feet 
long with a wide roof, trunk has dark grayish bark, slightly 
polar, black when dried; young parts pubescent and young 
trunks are spinous. Leaves are simple, opposite, lanceolate - 
ovate, elliptic - ovate to rhomboidal, entire and ciliate, apex 
is acute. Leaves are green in colour unpleasant smelling. 
Lateral veins 4 - 8 on either side of lamina, they are 
prominent beneath the lamina. Inflorescence is either apical 
or axillary. It is panicle or compact cyme. Flowers are 
bisexual, many, odorless, creamy white, yellowish green 
(Kumar et al, 2017).  
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Figure 1: Study area 

 
2.3 Sample Collection 
 
Samples have been collected from the fields directly; kept in 
zip locked bags. Shifted to labi. e. CSBoB (Center for 
Studies on Bay of Bengal), Andhra University, 
Visakhapatnam. Samples have been washed twice with 
distilled water, shade dried and then acid digestion process 
was carried out to digest all organic matter in the samples.  
 
2.4 Methodology and Wet digestion:  
 
ICP - MS technique is followed to estimate the elemental 
levels in the sample. There are advantages to ICP - MS 
method for the determination of cations in solution, as high 
temperatures (above 6000 0C), complexes and or residuals 
can be converted into basic form i.e. ionomic form, so we 
can easily estimate element levels accurately. Fast and 
accurate wet digestion method is followed for the digestion 
of plant samples and subsequent analysis of elemental (Al, 
Mn, Fe, Co, Cu, and Zn) levels. Initially0.5 g leaf sample is 
taken into Teflon Beakers.8 ml of HN03 added to this and 
left overnight. The solution was heated on a hot plate at 120 
- 125 0C for one hour, with 1 - 2 additions of 4ml H202 
(33%) until solution is clear/colorless indicates complete 

digestion of material (Pequerul et al., 1993). The residue was 
brought to a dry place on low heat (80 0C), shaken well, after 
cool to room temperature diluted to known volume (50ml) 
with 2D water, and stored in High Density Poly Ethylene 
(HDPE) bottles of 100 ml volume for further use at room 
temperature.  
 
3. Results and Discussion 
 
Many elements are essential for proper functioning 
biological metabolisms, the results of the study reveal that 
the levels of essential trace elements (Aluminum, 
Manganese, Iron, Cobalt, Copper, Zinc) in different 
locations (Kusumapuram, Varaka, Borivanka) is presented 
in Table and Fig.2.  

 
Table: Essential trace element values (ppm) in Premna 

latifolia Roxb. from three villages 
Location Al Mn Fe Co Cu Zn 

Kusumapuram 11.67 8.5 15.73 0.03 0.47 8.91 
Varaka 7.64 15.67 21.02 0.06 0.4 6.59 

Borivanka 17.22 3.3 23.63 0.04 0.32 9.81 
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Figure 2: Essential trace element values (ppm) in Premna latifolia Roxb. from three villages 

 
 Aluminium: The high level of Al is observed in 

Borivanka (17.22), followed by Kusumapuram (11.67) 
and Varaka (7.64). There is an increasing trend in Al 
levels from Varaka, Kusumapuram to Borivanka.  

 Manganese: The high level of Mn is found in Varaka 
(15.67), followed by Kusumapuram (8.5) and Borivanka 
(3.3). There is a decreasing trend in Mn levels from 
Varaka, Kusumapuram to Borivanka.  

 Iron: The high Fe levels are recorded in Borivanka 
(23.63), followed by Varaka (21.02) and Kusumapuram 
(15.73). There is an increasing trend in Fe levels from 
Kusumapuram, Varaka to Borivanka.  

 Cobalt: The levels are very low in all locations, of 
course it requires in minute values. Varaka (0.06) having 
the high values, followed by Borivanka (0.04) and 
Kusumapuram (0.03). There is a minimal fluctuation in 
cobalt levels among the three locations.  

 Copper: The high Cu levels are observed in 
Kusumapuram (0.47), followed by Varaka (0.4) and 
Borivanka (0.32). There is an increasing trend in Cu 
levels from Borivanka, Varaka to Kusumapuram.  

 Zinc: the highest Zn levels are found in Borivanka 
(9.81), followed by Kusumapuram (8.91) and Varaka 
(6.59). There is an increasing trend in Zn levels from 
Varaka, Kusumapuram to Borivanka.  

In summary, there are varying trends in the levels of 
essential trace elements across the three locations, and these 
trends may be influenced by factors such as geological 
composition, environmental conditions, and human activities 
in each area.  
 
The aforementioned elements play important roles in various 
metabolic processes as follows:  
 Aluminium: It may play a role in some enzymatic 

processes, particularly in certain plants.  
 Manganese: Essential for the activation of enzymes 

involved in bone formation, blood clotting, and reducing 
oxidative stress in the body.  

 Iron: Crucial for oxygen transport in hemoglobin, 
electron transport in cellular respiration, and the 
synthesis of certain enzymes and proteins.  

 Cobalt: An essential component of vitamin B12 
(Cobalamin), which is crucial for DNA synthesis, red 
blood cell formation, and neurological function.  

 Copper: Essential for the formation of hemoglobin, 
collagen, and various enzymes involved in antioxidant 
defense and cellular energy production.  

 Zinc: Plays a critical role in the functioning of enzymes 
involved in DNA synthesis, immune function, wound 
healing, and the sense of taste and smell.  

 
4. Conclusion 
 
Previous studies conclude that Premna latifolia Roxb., 
extracts contain bioactive compounds, including flavonoids, 
steroids, terpenoids, tannins, glycosides, alkaloids, reducing 
sugars, Phenols, Quinones, Lignin, and fixed oils. 
Methanolic extracts from leaves and bark exhibit the highest 
phenolic and flavonoid content, indicating strong antioxidant 
and free radical scavenging activity (Pushpa, 2019), and the 
present study reveal that it contains essential trace elements.  
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         नारी शहि 
 

जीवहवज्ञान की दृहि से मनुष्य का नर और नारी के रूप में जन्म िोता िै । अपवादात्मक स्थिती या शारीररक 

व्यंग्य के रूप में तृतीय लिंगी व्यहि का जन्म िोता िै । शारीररक दृहि से नर और नारी में अनेक तरि के व्यत्यास िोते िैं 

। इन व्यत्यासों को िी ढािं बनाकर नर ने नारी को कमजोर बनान ेकी भरसक कोशशश की िै इसमें कोई संदेि निीं  िै ।  
भारतीय पररपे्रक्ष्य में देखा जाये तो नारी के लिंए देवी का थिान ससर्ष  धमष ग्रंिों में िी देखने को हमिंता िै । 

बस्कक वाथतहवकता कुछ और िी िै । भारतीय पुरूर्सत्तात्मक समाज में पुरूर् ने महििंाओं को पर िमेशा अपना अधधकार 

आरोहपत हकया िै । सजसके लिंए उसने महििंाओं को अनेकानेक बंधनों में बााँधकर उसे कमजोर बनान ेकी कोशशश की 

िै । महििंाओं ने नर के इन बंधनों को कभी थवीकार हकया तो कभी इनका हवरोध कर इन बंधन से मुि िो अपने अस्थतत्व 

हनमाषण करने की भरसक कोशशश की । वतषमान स्थिधत को ध्यान में रखकर देखा जाए तो महििंाओं को अस्थतत्व हनमाषण 

की इस जंग में बिुत िद तक सर्िंता भी प्राप्त िुई । 

ऐधतिाससक पररपे्रक्ष्य पर दृहि डािें तो राजमाता सजजाऊ ने सामासजक रूढ़ीवादी बंधनों को तोड़ते िुए पधत की 

मृत्य ुिोने पर सती न िोकर अपना जीवन अपन ेपुत्र छत्रपधत शशवाजी मिाराज की शशक्षा-हदक्षा िेतु समर्पपत कर थवतंत्र 

हिद ूसाम्राज्य के हनमाषण में अिम भूहमका हनभाई ।  इसमें कोई संदेि निीं हक छत्रपधत शशवाजी मिाराज के वीरता परक 

यशस्वी जीवन यापन में वीरमाता जजजाऊ का अत्यंत महत्त्वपूर्ण योगदान रिा है । 

स्त्री शशक्षा की यहद बात की जाए तो साववत्री बाई रु्ले का योगदान अहवथमरणीय िै । साहवत्री बाई रु्िें ने 

तत्कािंीन पररस्स्िती में अछूतों और मवहलाओं को सक्षम बनाने िेतु शशक्षा को माध्यम बनाया तिा अपन ेपतत महात्मा 

जोततबा रु्ले की मदद से पुर्े शहर में प्रिम मवहला पाठशाला शुरू की और जहााँ से मवहला शशक्षा के द्वार मवहलाओं के 

ललए सदा के लिंए खूल गय े। 

आधुवनक यगु में मवहलाएाँ  पुरूषों के कंधे से कंधा वमला कर चल रही हैं । ऐसा कोई भी क्षेत्र नहीं है जहााँ मवहलाओं 

ने पुरूर्ों के साि अपनी भागीदारी न वनभाई हो भिें िी वि क्षेत्र ववज्ञान और प्रौद्योवगकी, खेिं जगत, सावहत्य जगत, 

राजनीततक जगत अिवा उद्योग जगत िी क्यों न िो । सभी क्षेत्रों में महििंाओं ने अपना अिम योगदान प्रदान हकया ।  

हहदी सावहत्य में मीराबाई, महादेवी वमाण, कृष्णा सोबती, नासीरा शमाण, अलका सरावगी, कात्यायनी, मृदलुा गगण, 

मैत्रेयी पुष्पा, अमृता प्रीतम आवद िेंलखकाओं न ेसावहत्य रर्ना कर अपनी एक अिंग पिर्ान बनाई । महििंा हदवस (08 

मार्ष) के शुभ अवसर पर ‘सावहत्याकाश’ पररवार मवहला शवि को नमन करते िुए यि अंक हवश्व की प्रत्येक मवहला को 

समर्पपत करता है । 
प्रधान संपादक 

        डॉ. संतोष काबंळे 

 

संपादकीय 
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नयी सदी के हिदी उपन्यासों में हकसानों का संघर्ष और आत्मित्याएाँ  
 

डॉ. जयश्री भाथकर वाडेकर, 

श्रीमती दानकंुवर महििंा मिाहवद्यािंय, 

जािंना 431203 (मिारािर) 

ई-मेिं: dr.jbwadekar@gmail.com 

भ्रमणध्वनी : 9923839174, 9405530579 

 

सार : 

हकसानों के संघर्ष हकसी भी समाज की अहितीयता और उसकी अहितीयता का हिथसा िैं । इसके अिंावा, नयी सदी के 

उपन्यासों में हकसानों के संघर्ष उनकी सामासजक, आर्थिक, और राजनीधतक स्थिधतयों को भी दशाषते िैं और इसे उनके जीवन की 

अहितीयता का हिथसा बनाते िैं । आजादी के पििें शोर्कों को हकसान समझ सकता िा । िेंहकन आज उसका र्ािंाकी स ेशोर्ण 

हकया जा रिा िै । इससे शोर्कों को पिर्ानना भी मुस्ककिं िुआ िै ।हकसानों की ददुषशा के लिंए सजम्मदेार तत्व और हकसान 

आत्मित्याओं की जमीनी सच्चाई नई सदी के इन उपन्यासों में यिािष रूप में प्रकट िुई िै ।  

बीज शब्द : मौसम के साि जुआ, औद्योहगक क्ांधत, ऋण, सघंर्ों की हत्रवेणी आहद । 

प्रथतावना : 

धरती और हकसान का अटूट ररकता िै, वि अपनी जमीन से सवाषधधक िंगाव रखता विी उसका सब कुछ िै । दरअसिं 

कृर्क समाजों के लिंए कृहर् कोई धंधा निीं बस्कक उनकी जीवन शिैंी िै ।भारत कृहर् प्रधान देश माना जाता िै । आज भी सत्तर 

र्ीसदी िंोग ने जीवन यापन के लिंए कृहर् को आधार बनाया िै । समय की मांग के अनुसार कृहर् के उत्पादन में पररवतषन िोना 

िंाजमी िै । इग्िंैंड से भारत तक का औद्योहगक क्ांधत का सफ़र और भारत में िररत क्ांधत िोने से कृहर् उत्पादन में कार्ी बदिंाव 

आया िै परन्तु हकसान हकसी न हकसी रूप से शोहर्त और प्रताहड़त रिा िै ।भारतीय अिषव्यवथिा का प्रमुख आधार कृहर् और 

हकसान िै । हकसानों की उन्नधत से िी देश की उन्नधत संभव िै । हकसान पूर ेदेश का अन्नदाता िै । वैश्वीकरण के दौर में उसकी भी 

स्थिधत में सुधार िोगा ऐसा िंगा िा। िेंहकन आज के बाजारवादी दौर में वि िाशशए पर र्िंा गया िै । हिन्दी साहित्य की हवशभन्न 

हवधाओं हकसान जीवन की हवधधक छहवयों का प्रमाशणक अंकन समय-समय पर िुआ िै । प्रेमर्ंद ने अपने रर्नाओं के माध्यम स े

हकसान को साहित्य में एक मुकम्मिं जगि प्रदान की। उन्िोंने हकसान जीवन को बिुत करीब से दखेा और हर्र उसको अपने िेंखन 

का केन्र बनाया। प्रेमर्ंद के पश्चात् ग्रामीण जीवन पर बिुत िेंखकों ने उपन्यास और किाहनयां लिंखी जो उल्लेखनीय रिी िै । साि 

िी हिन्दी कहवता में भी हकसान जीवन की हवहवध छहवयां अंहकत िै ।हकसानों का संघर्ष एक व्यापक हवर्य िै जो भारतीय समाज में 

गिर ेरूप से अपेधक्षत िै । 

आजादी के इतने सािं बीत जाने पर भी हकसानों को न्याय निीं हमिं पा रिा िै । वि समथयाओं के मकड़ जािं में धघरा 

िुआ िै । कभी प्राकृधतक आपदाएं तो कभी सरकारी नीधतयों स ेवि परशेान िो रिा िै । उसकी फ़सिं को उधर्त मकूय न हमिंना 

भी आज एक गंभीर समथया िो र्ुकी िै । अच्छे बीजों की उपिंब्धता और हवतरण की असमानता की समथया ने भी हकसानों का 

जीना मुस्ककिं हकया िै । हकसानों के लिंए सार ेिािंात ऐसे िैं हक “जजदा कैसे रिा जाए ?” इस स्थिधत में वि र्ासंी के रं्दे को 
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अपनाकर आत्मित्या कर रिा िै । अब तक तीन िंाख से अधधक हकसानों ने आत्मित्याएं की िैं । हकसान आत्मित्या आज चर्ता 

का हवर्य बना िै और वि भी हवशेर्कर कृहर् प्रधान देश में । 

आत्मित्या के कारण: 

1. आर्थिक संघर्ष: बजट की कमी, हकसानों के लिंए अधधकाशं बजट में कमी िोती िै, सजससे उन्िें उधर्त मकूय हमिंने में मुस्ककिं 

िोती िै ।ऋण की बढ़ती ब्याज दरें: ऋण िेंने के लिंए ब्याज दरें बढ़ गई िैं, सजससे हकसानों को उधर्त िंाभ निीं हमिं पा रिा िै । 

2. तकनीकी संघर्ष: बुहनयादी तकनीक की कमी: हकसानों के पास अधधकांश बुहनयादी तकनीक निीं िै, सजससे वे अधधक उत्पादन 

निीं कर पा रिे िैं । 

3 अभाव और अद्यतन तकनीक: अधधकांश हकसान अद्यतन तकनीक के अभाव में िैं, सजससे उन्िें अधधक उत्पादन निीं कर पा रिे 

िैं । 

4 भूहम संघर्ष: हकसानों के पास अधधकांश भूहम निीं िै, सजससे वे अधधक उत्पादन निीं कर पा रिे िैं । 

5 शशक्षा और जागरूकता: अधधकांश हकसान शशधक्षत निीं िैं, सजससे उन्िें अधधक उत्पादन निीं कर पा रिे िैं । 

6 राजनीधतक संघर्ष: अधधकार की कमी: हकसानों के पास अधधकांश अधधकार निीं िैं, सजससे वे अधधक उत्पादन निीं कर पा रिे 

िैं । 

हकसान प्रत्येक यगु में शोर्णकारी व्यवथिा के लिंए ‘नरम र्ारा’ रिा िै । कभी वि सामन्ती शहियों के कू्र शोर्ण का 

शशकार बना तो कभी साम्राज्यवादी ताकतों ने अपने पोर्ण के लिंए उसे आिार बनाया। पूाँजीवादी सभ्यता उसे बेघर करने की सजद 

पािें बैठी िै । खेत-खलिंिान उजाड़े जा रिे िैं । ऊपर से प्रकृधत की हनमषम मार ने उसे असिाय बना हदया िै । िाड़ -तोड़ मिेनत 

करने के बाद भी अधपेट सोना और छोटी-छोटी खशुशयों के लिंए तरसत ेरिना उसकी हनयधत सी बन गई िै । उसका जीवन अभावों 

की भेंट र्ढ़ता िुआ दखु की मिागािा बन जाता िै ।हृदयिीन व्यवथिा उसे हनरन्तर हनगिंती जा रिी िै । ऊपर से शान्त हदखन े

वािंी नदी की तरि सजसकी भाँवरें भीतर-िी -भीतर मनुष्य को दबाकर तिंिटी में िंगा दतेी िैं और दसूरों को वि तभी हदखाई 

देता िै जब उसकी िंाश उतराती िुई बिने िंगती िै । 

हकसान जीवन पर केस्न्रत शशवमूर्तत का ‘आलिरी छिंांग’ उपन्यास िै । जो प्रेमर्दं की परपंरा की िी एक कड़ी हदखती िै 

। ‘आलिरी छिंांग’ उपन्यास का किानक परथपर उिंझी िुई हकसान जीवन की अनेक समथयाओं का जंजािं िै । किानक का 

आधार पूवी उत्तर प्रदशे का ग्रामारं्िं िै । इसका नायक पििंवान एक हकसान िै । उसके सामन ेहवरासत में हमिंी तिा नयी हवकास 

नीधतयों के कारण हनर्पमत अनेक समथयाएाँ  िैं । वि अपनी सायानी बेटी के लिंए दो सािं से वर खोज रिा िै , बेटे की इंजीहनयररग 

की र्ीस का जुगाड़ निीं िो रिा िै, तीन सािं से गन्ने का बकाया निीं हमिं रिा िै, सोसायटी से खाद के लिंए लिंया गया कजष 

रु्कता निीं िुआ िै । िर दसूर ेमिीने में टू्यबवेिं के हबिं की तिंवार ससर पर िंटक जाती िै । ऐसी कई समथयाओं को पििंवान 

हकसान के माध्यम से उपन्यासकार ने अपने उपन्यास में उठाया िै । शशवमूर्तत ग्रामीण रर्नाकार िैं । उन्िोंने हकसानों की समथयाओ ं

को समझा तिा उनकी समथयाओं को मिसूस हकया िै । पििंवान मिसूस करता िै हक जैसे निर के पेट भीतर ससकट भर जाती िै 

उसी तरि हकसान की तकदीर में भी सािं दर सािं ससकट भरती जा रिी िै । अपनी हकसान जीवन की समथयाओं से तंग आकर 

वि इस व्यवथिा से प्रश्न करता िै हक “सर ेिािंत तो मर जाने के िैं । जजदा कैसे रिा जाए। ”1 आज िेंखन के क्षेत्र में हकसान धीर-े

धीर ेगायब िोता जा रिा िै । ऐसे भीर्ण समय में प्रेमर्ंद आज भी िमार ेलिंए प्रासंहगक और समकािंीन िै क्योंहक न हकसानों और 

जमीन की समथया ििं िुई िै न भूहमिीन मजदरूों को श्रम शोर्ण से मुहि हमिंी िै, बस्कक उसमें लियों, दलिंतों, आहदवाससयों और 

अकप संख्यकों के नये आयाम और जुड़ गए। प्रेमर्ंद की संवेदना, सरोकार और दृहि िी उनकी परम्परा िै । सजसे िम आज जिं, 
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जमीन और जंगिं के असमान हवतरण के संघर्ष के रुप में देख रिे िै । उपन्यासकार संजीव ने अपने उपन्यास ‘र्ांस’ में हकसान 

जीवन की हवशभन्न समथयाओं को उजागर हकया िै । उन्िोंने हकसानों की मूिंभूत समथया खाद, पानी, बीज, हबजिंी की समथया, 

प्राकृधतक समथया, र्सिं का उधर्त मकूय न हमिंने की समथया, कजष की समथया तिा आत्मित्या के कारणों को बड़े िी बेबाकी 

के साि अपने उपन्यास में हदखाया िै । उपन्यासकार ने कजष की समथया को अपने उपन्यास में इस तरि व्यि हकया िै- “अगिें 

मिीने बैंक का २५ िजार का कजष अदा करना िै । आज गुढ़ी पाडवा िै-मराठी नववर्ष। ... “र्थटष क्लास धडनर िै आई ।”... “ये जो 

भात िै न आई, इसमें थटार्ष िै, इसका माड न र्ें को तो र्ाविं की सारी ताकत बर्ी रिती िै, हर्र मावा ! मेवा िै मेवा ! ताकत िी 

ताकत ! मजबूती िी मजबूती !”... “इसके सामने नाससक का हकसहमश रे्िं, रत्नहगरर का िापुस रे्िं और किंमी के साग में 

आयरन िी आयरन । और थवाद?... शुभा सामने आकर खड़ी िो गयीं तो झपे गया पूरा  पररवार ! शुभा ने तरस खाती जुबान स े

किा –“आज नववर्ष िै । आज तो कुछ कायदे की र्ीज बना िेंती ! र्िंो मैं दतेी पूरण पोिंी !” निीं वहिणी कोई तो हदन आएगा, 

िम भी पूरण पोिंी और ढेर सारा पकवान बनाएाँ गे। आज रिने दो। ”“मगर क्यों ?”‘वो सुनीिं काका ने किा िै न हक जब तक कजष 

न उतार िंो....।“समझी। अर ेतुम हमयां – बीवी ! तुम्िें तपथया करनी िो, शौक से करो, मगर मुिंहगयों को तो बख्श दो ।”2 

हकसानों की समथयाएं औपहनवेशशक शासन की शोर्णपरक व्यवथिा से जुड़ी िुई िैं जो प्रमुख रुप से जमींदारों के अत्यार्ार, िंगान, 

इजार्ा, बेदखिंी, बेगारी के रूप में सामने आती िै (प्रेमर्दं: प्रमेाश्रम, कमषभूहम, रगंभूहम, गोदान)आजादी के तुरन्त बाद जमींदारी 

प्रिा के अतं की तिाकशित घोर्णा और जंमीदारों के जोड़-तोड़, तीन-धतकड़म से अपनी ठसक को कायम रखने की प्रयास हदखाई 

देता िै,सजसके शशकार अन्तत: हकसान-मजदरू िी िोते िैं. (नागाजुषन:बिंर्नमा, बाबा बटेसरनाि). सत्तर के दशक में िररत क्ांधत 

के िंाभ और उसके बंटवार ेके सवािं जैसे-बड़े हकसान बनाम छोटे हकसान, हकसान बनाम खेत-मजदरू, क्षेत्रीय असन्तिुंन जैसे 

मुद्दों ने हकसान समथयाओं को जहटिं और गधतशीिं बना हदया।हकसान जीवन को िी कें र में रखकर पंकज सुबीर ने ‘अकािं में 

उत्सव’ उपन्यास की रर्ना की िै ।अकािं में उत्सव’ में हकसान जीवन की छोटी- छोटी समथयाओं को भी किाकार ने जगि दी 

िै । हकसानों की मूिंभूत समथया के.सी.सी. समथया, प्राकृधतक समथया तिा सरकारी मुआवजा जैसी समथयाओं को किाकार ने 

बड़े िी गिराई के साि धर्हत्रत हकया िै । हकसानों की र्सिं नि िोने पर मआुवजा न हमिंने की समथया को सुबीर जी ने अपन े

उपन्यास में बड़े िी मार्पमक ढंग से प्रथततु हकया िै - “िेंहकन सर हकसान तो सरकार के िी भरोसे िै न ? अगर सरकार उसको 

मदद निीं करगेी तो कौन करगेा ? खेतों में खड़ी फ़सिं अगर बरबाद िो गई, तो हकसान क्या कर,े क्या मर जाए ?” आगे सरकारी 

अर्सरों के माध्यम से हकसानों के प्रधत सरकार का धघनौना रे्िरा भी इस उपन्यास में प्रथतुत िोता हदखाई पड़ता िै-“तो मर जाए 

? सरकार के भरोसे बैठा िै क्या ? दहुनया में सब अपने-अपने भरोसे बैठे िैं । आपको हकसने किा िै खेती करो ? मत करो अगर 

नुकसान का इतना िी डर िै तो। जब किा िी जाता िै हक खेती तो मौसम के भरोसे खेिंा जाने वािंा जुआ िै, तो क्यों खेिंते िो 

इस जुए को? हकसी ने किा िै क्या आपसे? मत करो खतेी कोई दसूरा काम करो ।”3 

देश की अिषव्यवथिा के हवकास में हकसानों का अिम योगदान िै । आज हकसानों की उत्पादन क्षमता बिुत बढ़ गयी िै । 

िेंहकन सरकार उनके र्सिंों को उधर्त समिषन मूकय निीं बस्कक न्यनूतम समिषन मूकय दे रिी िै । र्सिं नुकसान िोने पर पखु्ता 

सरकारी प्रावधान निीं िै । र्सिं बीमा का िंाभ केविं कुछ बड़े हकसान िी िें पा रिे िैं । िंघु और सीमांत हकसान के लिंए सरकार 

की कोई योजना निीं िै । जबहक आकड़ों के अनुसार- “भारत में 60 करोड़ अनुमाहनत हकसान िैं सजसमें से 80% हकसान छोटे 

हकसान िैं, शेर् 20% बड़े हकसान िैं ।....हकसान के्धडट काडष कजष में र्सानें का एक तरीका िै । हकसान कजष में डूबना निीं र्ािता 

िेंहकन सरकार उसे कजष देकर डूबा रिी िै । हर्क्की (एर्.सी.सी.आई.) और एसोरे्म ठेके पर खेती कराने में िंगे िुए िैं ।”4 रणेंर 

का ‘गायब िोता देश’ दरअसिं हवकास के नाम पर आहदवासी हकसानों को िंूटने और उन्िें जबरन हवथिाहपत करते जाने का करुण 



 साहित्याकाश 

 

वर्ष-1, खंड-3, अंक-3, मार्ष- 2024 6 

 

आख्यान िै जो धीर-ेधीर ेिाशशए पर िोते िुए िंपु्त िोने की कगार पर िैं । मुख्य धारा में इसको िेंकर कोई हवशेर् ििंर्िं या हवक्षोभ 

निीं हदखता िै पर इन सबके लखिंार् आहदवासी अपन ेजीवन की सबसे कहठन िंड़ाई िंड़ रिे िैं । हवकास की कीमत वे अकेिें िी 

कब तक र्ुकाएगें जबहक उनका अस्थतत्व िी खतर ेमें िै इसलिंए आहदवाससयों का संककप अटिं िै हक ‘जान देगें पर जमीन निीं 

देगें’। 

उपन्यास सवाषधधक िंोकहप्रय साहिस्त्यक हवधा िै । इसके यगु जीवन सापेक्ष थवरुप तिा हनरन्तर बढ़ती िुई िंोकहप्रयता 

को देखते िुए इसे आधुहनक साहित्य की केन्रीय हवधा भी किा जा सकता िै ।आज का समय तीव्रता, गधत, पररवतषन तिा अस्थिरता 

का िै । उपन्यास अशान्त और अस्थिर यगु की उपज िै, जिााँ िंोगों के साि कुछ न कुछ घटनाएं घटती रिती िैं और िंोग पररवर्ततत 

िोते रिते िैं । अत:इस अस्थिर और गधतशीिं यगु में हनरन्तर पररवर्ततत िोते िुए मनुष्य की किा किने तिा उसकी बदिंी िुई 

मानससकता को अशभव्यहि दनेे के लिंए उपन्यास हवधा सवाषधधक उपयिु हवधा के रुप में थिाहपत िुई िै । यूरोप में उपन्यास का 

जन्म भिें िी मध्यवगीय जीवन की मिागािा के रुप में िुआ िो िेंहकन भारतीय उपन्यासों हवशरे् कर हिदी पट्टी के िेंखकों ने हकसान 

जीवन और िी दखुों को अपने उपन्यासों की हवर्य वथतु बनाया. प्रेमर्ंद ऐसे हकसान-केस्न्रत उपन्यासों की श्रृंखिंा के पििें और 

सशि िेंखक िैं जो आगे र्िंकर नागाजुषन, रणुे, भैरव प्रसाद गुप्त, माकेन्डेय, हववेकी राय से िोती िुई रामदेव शकु्ल, 

हमशििेंश्वर,रामदरश हमश्र, शशव प्रसाद जसि, जगदीश र्ंर, संजीव और पंकज सुबीर तक हवथतार पाती िै । इनके उपन्यासों में 

हकसान संघर्ष के कई शडे्स िैं क्योंहक न हकसानों की जमीन की समथया ििं िुई, न भूहमिीन मजदरूों को श्रम-शोर्ण से मुहि 

हमिंी, बस्कक उसमें लियों, दलिंतो,आहदवाससयों और अकपसंख्यकों के नए आयाम और जुड़ गये। कजष में रं्से हकसानों की 

आत्मित्यायें, हवकास के नाम पर हृदयिीन हवथिापन, रोजगार के लिंए िोरी की सन्तधतयों का शिरों में पिंायन,कृर्क महििंाओ ं

का शोर्ण, आहदवाससयों पर हनमषम अत्यार्ार, हमिंों -रै्स्क्टरयों और कोयिें की खानों में खटते हकसान-पुत्रों की व्यिा-किा और 

शोर्ण तिा इसके लखिंार् पनपते आक्ोश और सघंर्ष की रे्तना से इनके उपन्यास मित्वपूणष िो गये िैं । 

हकसान प्रत्येक यगु में शोर्णकारी व्यवथिा के लिंए ‘नरम र्ारा’ रिा िै ।कभी वि सामन्ती शहियों के कू्र शोर्ण का 

शशकार बना तो कभी साम्राज्यवादी ताकतों ने अपने पोर्ण के लिंए उसे आिार बनाया। पूाँजीवादी सभ्यता उसे बेघर करने की सजद 

पािें बैठी िै । खेत-खलिंिान उजाड़े जा रिे िैं, ऊपर से प्रकृधत की हनमषम मार ने उसे असिाय बना हदया िै । िाड़ -तोड़ मिेनत 

करने के बाद भी अधपेटे सोना और छोटी-छोटी खशुशयों के लिंए तरसत ेरिना उसकी हनयधत सी बन गई िै । उसका जीवन अभावों 

की भेंट र्ढ़ता िुआ दखु की मिागािा बन जाता िै । हृदयिीन व्यवथिा उसे हनरन्तर हनगिंती जा रिी िै । ऊपर से शान्त हदखन े

वािंी नदी की तरि सजसकी भाँवरें भीतर-िी -भीतर मनुष्य को दबाकर तिंिटी में िंगा दतेी िैं और दसूरों को वि तभी हदखाई 

देता िै जब उसकी िंाश उतराती िुई बिने िंगती िै । 

हनष्कर्ष: 

नयी सदी के उपन्यासों का मुख्य उद्देकय यि िै हक वे समाज को उनके संघर्ों और आत्मित्याओं के बार ेमें जागरूक करें 

और उन्िें समाज की ध्यान में िंाएं। इन उपन्यासों में हकसानों के जीवन की वाथतहवकता, उनके संघर्ों की गिराई और उनके 

आत्मित्या के कारणों को हवथतार से प्रथतुत हकया गया िै । इन उपन्यासों के माध्यम से हकसानों के संघर्ों और आत्मित्याओं की 

वाथतहवकता को समझाने का प्रयास हकया गया िै ताहक समाज को इस बारे में जागरूक हकया जा सके।सत्तर के दशक में िररत 

क्ांधत के िंाभ और उसके बटंवार ेके सवािं जैसे-बड़े हकसान बनाम छोटे हकसान, हकसान बनाम खेत-मजदरू, क्षेत्रीय असन्तिुंन 

जैसे मुद्दों ने हकसान समथयाओं को जहटिं और गधतशीिं बना हदया। पंर्ायती राज्य व्यवथिा न ेसत्ता के हवेकेन्रीकरण के साि -

साि हकसानी -दहुनया में सत्ता के प्रतीकों में भी मूिंभूत पररवतषन हकया। यि वि दौर िै जब िंगान, बेदखिंी, बेगारी जैसे मुद्दे या 
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तो समाप्त िो गये अिवा िाशशए पर आ गये। मडंिं-कमंडिं के दो हकनारों के बीर् बिती भारतीय राजनीधत ने गांवों में एक नई 

सुगबुगािट जरूर पैदा की सजसने जातीय पिर्ान को और पुख्ता हकया। दलिंतों और हपछड़ों की सत्ता में बढ़ती भागीदारी ने सामन्ती 

तत्वों को र्नुौती दनेा प्रारम्भ हकया। ये ग्राम केस्न्रत उपन्यासों में व्यि संघर्ष के नये आयाम िैं । नई आर्थिक नीधत, मकटी नशेनिं 

कंपहनयों के खेिं,भूहम अधधग्रिण, कजष का बढ़ता दषु्र्क्,उत्पाद का उधर्त मकूय न हमिं पाना और हकसानों की बढ़ती आत्मित्याओं 

ने एक बार हर्र उपन्यासकारों का र्िंने देगें, न खदु इसमें काम करगेें, न औरों को करने देगें. ‘की अनुगूाँज इस सघंर्ष की व्यापकता 

का प्रमाण िै । 

 

संदभष सरू्ी: 

1) शशवमूर्तत- आिरी छिंांग, पृष्ठ सं.- 79 

2). संजीव- ‘र्ासं’ पृष्ठ सं. - 61-62 

3). पंकज सुबीर- अकािं में उत्सव, पृष्ठ सं.-170 

4) अलखिं अलखिेंश- मीधडया वेकया या दिंािं, ििंकान हकसान, पषृ्ठ-288-289 
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‘हिदी उपन्यासों में हकन्नर हवमशष’ 

(यमदीप और जजदगी 50 -50 उपन्यासों के संदभष में) 
 

समाधान शशवाजी नागणे 

शोध छात्र 

कमषवीर भाऊराव पाटीिं मिाहवद्यािंय, पंढरपुर 

दरूभार् - 9975753381 

ई मेिं - snagane06@gmail.com 

 

साराशं: 

हवश्व के सभी समाजों में हकन्नरों का भी एक वगष िै-सजसे िडष जेंडर, हिजड़ा, तृतीय लिंगी, उभयलिंगी, यूनक, खोजवा, 

मौगा, छक्का, पावयैा, खसुरा,जनखा, अनरावनी, शशखण्डी, ख्वाजासरा आहद नामों से सम्बोधधत हकया जाता िै । आज िम 21 वीं 

शती के मशीनी यगु में जी रिे िैं जिााँ िर काम बटन दबाने से िी र्ुटहकयों में संपन्न िो जाते िैं । मगर मन व मस्थतष्क आज भी 

दहकयानसूी हवर्ारों की संकीणषता की बेहड़यों में जकड़े िुये िैं । हकन्नर समुदाय की स्थिधत अत्यन्त दयनीय िै,उनकी झोिंी में असीम 

पीड़ा िै,सजससे िमारा समाज कोसों दरू िैं । संसद में पेश िुए हवधेयक के जररये हकन्नरों के अधधकारों के संरक्षण के लिंए केन्रीय 

कैहबनेट ने ‘टर ासंजेंडर पसषन’हबिं 2016 को मंजूरी दे दी । 

हिन्दी साहित्य में ‘हकन्नर हवमशष’ अभी अपररपक्व अवथिा में सामासजक, शारीररक,मानससक भेद शोर्ण के दौर में से गुज़र 

रिा िै । हकन्नर समाज को थवय ंअपने प्रधत संवदेनशीिं िोने की भी आवकयकता िै । हकन्नर समाज के बच्चों को सामान्य बच्चों के 

समान वातावरण प्रदान करना समाज की सजम्मेदारी िै ताहक हकन्नर समाज का आर्थिक,राजनीधतक व सामासजक दृहि से उत्िान 

संभव िो सके।  

बीज शब्द: हिजड़ा, शधैक्षक सशहिकरण, शारीररक भेद, यमदीप, बुहनयादी िक, असरदार पैरवी, जजदगी, संवेदनशीिंता । 

उद्दकेय: 

1) हकन्नर समदुाय का यिािष समाज के सामने िंाना । 

2) हकन्नर समदुाय के द:ुख एवं ददष को धर्हत्रत करना । 

3) समाज और पररवार का हकन्नरों के प्रधत देखने का रवयैा हदखाना । 

प्रथतावना : 

साहित्य और समाज का घहनष्ठ संबंध िोता िै । इसलिंए साहित्यकार समाज में जो कुछ घहटत िोता िै, उसकी अशभव्यहि 

साहित्य में साहित्यकार करता िै । वथतुत: समाज में जो कुछ भी व्याप्त िैं, वि साहित्यकार की संवेदना और चर्तन का हवर्य िोता 

िै । सजसकी अशभव्यहि साहित्य में कर साहित्यकार समाज में अपनी भूहमका का हनवाषि करता िै । आज हवश्व धरातिं पर मानव 

अधधकारों की र्र्ाष ने आंदोिंन का रुप धारण कर लिंया िै । िाशशए के समाज को मखु्यधारा में िंाने की कोशशशें िो रिी िैं । जैसे 

िी हवमशष, दलिंत हवमशष, आहदवासी हवमशष, अकपसंख्याक हवमशष, हकसान हवमशष आहद। समाज के कई उपेधक्षत वगों पर समकािंीन 

साहित्य में चर्तन िो रिा िै, परतंु समाज बहिष्कृत, लिंग हनरपेक्ष ‘हकन्नर’ समुदाय के हवर्य में कोई बड़ी र्र्ाष निीं हदख रिी िै । 
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ऐसा निीं हक साहित्य में हकन्नर समुदाय पर पििंी बार लिंखा गया िै । इसके पूवष मिाभारत कािं में भी शशखंडी नामक ऐसा िी पात्र 

िा, जो हकन्नर िा । अजुषन ने भी अपने अज्ञातवास कािं में बिृनल्ला का रूप धारण कर लिंया िा। ऐधतिाससक तथ्यों के अनसुार 

हिद ूऔर मुस्थिंम राजाओं ने राहनयों की पिरदेारी के लिंए हकन्नरों को रखा िा । कौहटकय के अिषशाि में भी हकन्नरों का उल्लेख 

हमिंता िै । हकन्नर समुदाय को धमष ने, पुराणों ने थवीकारा सजनका इधतिास 4000 सािं पुराना िै, परतंु आज भी हकन्नर समाज 

की व्यिा से पीहड़त िै । 

संसार में केविं दो लिंगो िी और पुरुर् को मान्यता हमिंी िै । िेंहकन इन दोनों के अिंावा एक और वगष भी समाज में 

उपस्थित िै सजसका नाम हकन्नर िै । यि वगष संसार के सभी समाजों में धतरथकार और अवेििंना का शशकार बन गया िै । समाज में 

हकन्नर समदुाय की स्थिधत अत्यतं दयनीय िै । सजसका कारण समाज एवं सरकार िारा हकन्नरों के साि उपेधक्षत व्यविार हकया जाना 

िै । 

हकन्नर से तात्पयष : 

हकन्नर को हिजड़ा, उभयलिंगी, तृतीयलिंगी, खसुरा, मौसी आहद कई नामों से पिर्ाना जाता िै । हकन्नर शब्द हिदी में दो 

शब्दों ‘हक’ और ‘नर’ से हमिंकर बना िै, सजसका तात्पयष हिमार्िं की जनजाधत से निीं िै, बस्कक उस वगष से िै, जो रुपेण न िी 

िै न पुरुर् । वथतुतः सजसे जन सामान्य की भार्ा में हिजड़ा किा जाता िै । हिजड़ों को पररमासजषत भार्ा में हकन्नर किा जाता िै । 

हवमशष का अिष : 

आधुहनक साहित्य में हवमशष की अवधारणा 1960 के बाद दृहिगोर्र िोती िै । शब्द प्रयोग की दृहि से हवमशष शब्द अत्यतं 

प्रार्ीन िै । इसका अिष िै “सोर् हवर्ार कर तथ्य या वाथतहवकता का पता िंगाना, हकसी बात या हवर्य पर कुछ सोर्ना, समझना, 

हवर्ार करना, गुण- दोर् आहद की आिंोर्ना करना या मीमासंा करना, जांर्ना, पर, हकसी से परामशष या सिंाि  करना ।”1 अतः 

हवमशष शब्द का व्यतु्पलत्तपरक अिष हवर्ार - हवमशष, सोर्ना, समझना, आिंोर्ना करना िै । 

हिदी उपन्यासों में हकन्नर हवमशष 

साहित्य के क्षेत्र में वतषमान समय में लिंग हनरपेक्ष, समाज बहिष्कृत हकन्नर या िडष जेंडर समुदाय पर चर्तन और र्र्ाष तेजी 

से िो रिी िै । हिदी साहित्य में नई सदी के आरभं से यि हवमशष प्रभावी रुप से हदखाई देता िै । इसी कारण नीरजा माधव का 

‘यमदीप’, हनमषिंा गुराधडया का ‘गुिंाम मंडी’, प्रदीप सौरभ का ‘तीसरी तािंी’, मिेंर भीष्म का ‘हकन्नर किा’, भगवंत अनमोिं 

का ‘जजदगी 50-50’ आहद उपन्यासों में हकन्नर जीवन का यिािष धर्त्रण हकया िै । हकन्नरों पर लिंखे गए उपन्यासों में उनकी 

व्यिा-किा को धर्हत्रत हकया िै । हिदी किा साहित्य में अभी उतनी मात्रा में हकन्नर हवमशष पर उपन्यास निीं लिंखे गए । िेंहकन 

हर्र भी हिदी साहित्य में हकन्नर हवमशष पर र्र्ाष िो रिी िै । 

नीरजा माधव का ‘यमदीप’ उपन्यास हिदी का हकन्नर समुदाय पर लिंखा िुआ पििंा उपन्यास माना जाता िै । ‘यमदीप’ 

उपन्यास में हकन्नर समदुाय का रिन- सिन, सतंाप, अंधहवश्वास, उनकी हवडंबना, दखु, ददष, अकेिंापन, समाज और पररवार िारा 

उपेक्षा को धर्हत्रत हकया िै । उपन्यास का पूरा किानक हकन्नर समुदाय के इदष-हगदष घमूता िै । उपन्यास की नाधयका नाजबीबी के 

माध्यम से भाई िारा धतरथकार, बेटा- बेटी मोि को धर्हत्रत हकया िै । नाजबीबी इन समथयाओ ंसे िंड़ती िुई, अपने अस्थतत्व को 

थिाहपत करने का प्रयास करती िै । उसके जन्म से िी घरवािें परशेान िोते िैं, क्योंहक बच्चा हकन्नर िै । नाजबीबी पढ़ाई में तेज िी 

। िेंहकन आठवीं कक्षा में पढ़ते समय कुदरत के कररकमे के कारण उसे अपने पढ़ाई छोड़नी पड़ती िै । उसमें िीयोधर्त शरीरागं के 

साि दाढ़ी, मूछ भी आ जाती िै । समाज उसे दखेकर िंसी- मजाक करता िै । 
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नाजबीबी की माता उससे बिुत प्यार करती िै । उसे अपने पास रखना र्ािती िैं, परतंु सभ्य समाज िारा उन्िे हववश 

हकया जाता िै हक वि बचे्च को हकन्नर समुदाय में छोड़ दे । वि उसे पढ़ा-लिंखाकर अपने पैरों पर खड़ा करना र्ािती िी । हकन्नरों 

को शशक्षा िेंना भी नसीब निीं िै, क्योंहक इन्िोंन ेजब भी शशक्षा िेंनी र्ािी उस समय उन्िें अपमाहनत िोना पड़ा िै । इसी वाथतहवकता 

को धर्हत्रत करते िुए मिताब  गुरु किते िैं हक “माताजी हकसी थकूिं में आजतक हिजड़े को पढ़ते-लिंखते देखा िै । हकसी कुसी 

पर हिजड़ा बैठा िै, पुलिंस में, माथटरी में, किेंक्टरी में, हकसी में भी । अर ेइसकी दहुनया यिी िै, माताजी! कोई आगे निीं आएगा 

हक हिजड़ों को पढ़ाओं, लिंखाओं, नौकरी दो जैसे कुछ जाधतयों के लिंए सरकार कर रिी िै ।”2 

नाजबीबी को हकन्नरों की बथती में छोड़ा जाता िै । हकन्नर िंोग नार्-गाकर पैसा कमाते िैं । साधारण िंोग उनसे दरू रिना 

पसंद करते िैं, िेंहकन विी हकन्नर मानवीयता के कारण िंोगों की मदद करते िुए हदखाई देते िैं । एक पागिं औरत प्रसव पीड़ा में 

तड़प रिी िी तब हकन्नर उसकी मदद करते िैं । विी साधारण िंोग उसकी मदद निीं करते । प्रसूधत के बाद उस पागिं औरत की 

मृत्य ुिोती िै । तब उसकी बच्ची को कोई अपनाता निीं तब नाजबीबी किती िै- “अर ेिम हिजड़े िै, हिजड़े... इंसान िै क्या मुंि रे्र 

िें ।”3 नीरजा माधव जी इस उपन्यास के माध्यम से यि बताना र्ािती िै हक साधारण िंोग सवंेदनशून्य िै । इसके हवपरीत हकन्नर 

सभी से िमददी रखते िैं । हकन्नर िंोग हकसी बच्चे को अपने साि निीं रख सकते िैं । समाज में सभी को जीने का अधधकार िै मात्र 

हकन्नरों को छोड़कर क्योंहक वे समाज से धतरथकृत िै । समाज उनको कोसता िै, उन पर िंसी-मजाक करता िै । नाजबीबी जब 

उस बच्ची को थकूिं में भती कराने जाती िै तो उन्िें देखकर थकूिं की अध्याहपकाएं और छात्र कानरू्सी करते िैं । तब वि किती 

िै- “जब िम धंधे पर निीं िोते, बिनजी तो इस तरि का मजाक िमार ेसीने में गोिंी की तरि िंगता िै । िम आसमान से तो निीं 

टपकते िैं न? आपकी तरि हकसी मां की कोख से जन्में िै । िाड-मांस का शरीर लिंए । िमें तो अपने आप द:ुख िोता िै इस जीवन 

पर । आप िंोग भी द:ुखी कर दतेे िो ।”4 

समाज हकन्नर बचे्च को अपने पास रखना पसंद निीं करता िै । पररवार के जो सदथय इन्िे अपने पास रखना र्ािते िैं, 

समाज उन्िें भी मजबूर कर देता िै हक उस बचे्च को हकन्नर समाज को सौंप दें । यहद पररवार के िंोग उसे पढ़ना भी र्ािे या अन्य 

बचे्च की तरि उसकी परवररश भी करना र्ािे हर्र भी समाज में बेइज्जती की डर से उस बचे्च को अपने से अिंग कर दतेे िैं । समाज 

की असंवदेनशीिंता का धर्त्रण मिताब गुरु के माध्यम से हकया िै । 

मिताब गुरु किते िैं “आप इस बथती में रि निीं सकते बाबूजी और आपकी अपनी बेटी को अपने साि रख निीं सकते... 

दहुनया में बदनामी और िंसी िंसारात के डर से । हिजड़ी के बाप कििंाना न आप बदाषकत कर पाएंगे और न आपके पररवार के िंोग 

। िंूिंी, िंंगड़ी िोती यि, कानी कोतरी िोती, तो भी आप िी से अपने साि रख सकते िे, इसलिंए इसे अब इसके िािं पर िी 

छोड़ दीसजए । यिी इसका भाग्य िा, यिी बदा ।”5 मिताब गुरु के माध्यम से वाथतहवकता को धर्हत्रत हकया गया िै । 

हकन्नर समाज अथपि जेंडर और यौहनक पिर्ान के कारण अपने नागररक अधधकारों से वंधर्त रिा िै । िेंहकन आज 

संहवधाहनक सुधार की वजि से हकन्नरों को राजनीधतक क्षेत्र में अधधकार हमिं गए िै । समाज में व्याप्त भ्रिार्ार, शोर्ण से तंग आकर 

हकन्नर राजनीधत में भाग िेंकर समाज में सुधार िंाना र्ाित ेिै । नाजबीबी किती िै- “जरुरत पड़ी तो भ्रि िंोगों के लखिंार् 

िशियार भी उठाऊंगी । िर गंदगी को जड़ से सार् कर दूंगी । दहुनया में शांधत रिे और क्या र्ाहिए हकसी को?”6 इस प्रकार हकन्नर 

ससर्ष  तािंी बजाना निीं र्ािता, तो समाज में सुख –शांधत रिे इसलिंए वि कुछ भी करने को तयैार िै । 

भगवत अनमोिं ‘जजदगी 50-50’ उपन्यास हकन्नर जीवन का यिािष धर्त्रण करता िै । उपन्यास का नायक अनमोिं का 

भाई िर्ाष और बेटा सूयाष दोनों हकन्नर िै । िर्ाष के हकन्नर िोने के कारण हपता िारा मारपीट और उपेक्षा हमिंती िै । घर और पररवार 

से वि प्रताहड़त िोता रिता िै । वि जैसे-जैसे बड़ा िोता िै समाज में उसका जीना और भी मुस्ककिं िो जाता िै । घर से िेंकर 
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बािर तक उसका मजाक उड़ाया जाता िै । उसके थकूिं की अध्याहपका भी उसका मजाक उड़ाते िुए कक्षा में शैतानी कर रिे बच्चों 

से किती िैं-”अगर हकसी ने बदमाशी की तो उसे िर्ाष के पास बैठा दूंगी ।”7 अपने प्रधत हकए जा रिे िैं व्यविार को समझ पाना 

िर्ाष के लिंए कहठन िो जाता िै । वि जैसे-जैसे बड़ा िोता िै, वैसे वैसे उसके पूर ेशरीर में िी मन की भावनाएं बिंवती िो जाती िै 

। वि अपनी मााँ की साड़ी पिनता िै और श्रृंगारर भी करता िै । एक हदन िंड़की के वेश में सजी संवरी िर्ाष को उसके बाबूजी दखेते 

िैं और उसे पीटते िुए किते िैं-”तुझे ज्यादा शौक िै िंौंधडया बनने का! छोड़ आएंगे हिजड़ों के पास, तो यिां विां-विां छुछुआत 

भीख मांगता हर्रगेा ।”8 

समाज हकन्नरों को िमेशा बुरी नजर से देखता िै । जब हकन्नर िर्ाष पर बिंात्कार िोता िै तब उसकी भावात्मक वदेना इस 

प्रकार अशभव्यि िुई िै-”हकन्नर िोना अधूरापन िी तो िै न? कैसे- कैसे पिं आते । इस शरीर में सब भुगता, सब सिा सजस शरीर 

का िंोग मजाक उड़ाते िैं, उसे िी रात को अपने मन बििंाने का जररया बना िेंते िैं । अच्छा िै इन िंोगों से दरू अपना एक समदुाय 

िैं ।”9 समाज की हकन्नर िंोगों के प्रधत सोर् अच्छी न िोने के कारण अपना अिंग समुदाय बनाने के लिंए हकन्नर हववश िोते िैं । 

इस उपन्यास में िर्ाष तिा िर्पर्ता के माध्यम से एक हकन्नर की प्रताड़ना को धर्हत्रत हकया िै । वि अंत में एर्.आय. व्िी. 

जैसे रोग से ग्रथत िोती िैं और वि आत्मित्या करके अपने िर पिं मर ेिुए जीवन का अतं करती िै । 

हनष्कर्ष : 

हनष्कर्षत: यि किा जा सकता िै हक ससर्ष  जननांग दोर् के कारण हकन्नर समदुाय को समाज से उपेधक्षत करना उधर्त निीं 

िै । यि समुदाय िमारी तरि िी मानवीय सुहवधाओं से यिु िैं । इन्िें भी द:ुख, ददष पीड़ा िोती िै । यि भी िमारी तरि मानव िै । 

पररवार और समाज से बहिष्कृत िोकर जीना बिुत िी मुस्ककिं िोता िै । हकन्नर समदुाय को समाज घृणा की दृहि से देखता   िै । 

इसलिंए इनका जीवन दःुखों स ेभरा िुआ िै । जीवन के िर क्षेत्र में र्ािे वि पाररवाररक िो, सामासजक िो, आर्थिक िो या हर्र 

राजनीधत िो। िर क्षेत्र में इनके प्रधत देखने के रवैय्ये को बदिंना िोगा ताहक यि समुदाय भी समाज की मुख्यधारा से जुड़कर सामान्य 

जीवन जी सके। 
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शोध साराशं- 

भारतीय इधतिास में थवतंत्रता आन्दोिंन एक यगुान्तकारी घटना िै । यि हवशािं देश िंगभग सन् 1757 से 1947 तक 

परतंत्र रिा । भारत में हिहटश शासन अट्ठारिवीं शताब्दी के मध्य तक थिाहपत िो रु्का िा हकन्तु अंग्रेजों की दनुीधत और दमनर्क् 

न ेएक नया जागृत रािरवाद उत्पन्न हकया । उन्नीसवीं शताब्दी के उत्तरार्द्ष में देश में पनुरुत्िान और राजनैधतक रे्तना की िंिर रै्िं 

गयी । तत्कािंीन हिन्दी कहवयों ने भी दशे की दासता और करुण दशा से प्रभाहवत िोकर जन जागरण में अपना सहक्य योगदान 

हकया । उनका हृदय भारत मााँ को दासता की बेहड़यों से मुि कराने के लिंए उिेलिंत िो उठा । देशवाससयों को अतीत के थवर्थणम 

वैभव और सांथकृधतक परम्परा से पररधर्त कराने का दाधयत्व हनवषिन तो इन कहवयों ने हकया िी साि िी साि उनमें देशहनष्ठा एव ं

अस्थमता भी जागृत की । कहवयों देश की ददुषशा पर भी क्षोभ प्रकट कर अंग्रेजी शासन के हवरुर्द् संघर्ष के लिंए जनमानस को प्रेररत 

हकया तिा क्ांधत की समुधर्त पृष्ठभूहम तयैार की । उन्िोंने अंग्रेजों की कपटनीधत और साम्राज्यवाद का हवरोध करते िुए, देशवाससयों 

को आत्मसम्मान के साि जीने का संदेश हदया । इसके साि िी साि बिुत से हिदी रर्नाकर भारतीय थवतंत्रता आंदोिंन में सहक्य 

िोने के कारण बिुत से हिदी रर्नाकारों ने हवहवध पत्र पहत्रकाओं के माध्यम से अपने रािरवादी हवर्ार जनता तक पिुाँर्ाए िैं । थवतं्रता 

आंदोिंन में भी नतेाओं ने ज्यादा से ज्यादा भारतीय जनता का आंदोिंन में सिभाग िो अतः सब एक हमिंकर अंग्रेजो के लखिंार् 

िंड़े सजसमें हिदी ने अिम भूहमका हनभाई ।  

बीज शब्द - भारतीय थवतंत्रता आंदोिंन, राजनैधतक रे्तना, दशेहनष्ठा, हिदी समिषन । 

उद्दशे - हिदी साहित्य, हिदी साहिस्त्यक पत्र-पहत्रका और थवततं्रता आंदोिंन के राजकीय नेताओं का हिदी समिषन आहद दृहिकोण 

से हिदी का भारतीय थवतंत्रता आंदोिंन में योगदान कैसे रिा यि थपि करना । 

प्रथतावना –  

हनज भार्ा उन्नधत अिै, सब उन्नधत को मूिं । 

हबन हनज भार्ा- ज्ञान के,हमटत न हिय को सिूं ।। 

हवहवध किंा शशक्षा अहमत, ज्ञान अनेक प्रकार । 

सब देसन से िैं करिू, भार्ा माहि प्रर्ार ।। 

- भारतेंर िररश्चंर 

कहव भारतेंद ुिररशं्चर किते िैं हक सभी प्रकार की प्रगधत का आधार अपनी मातृभार्ा का हवकास करना िै ।  मातृभार्ा ज्ञान 

के हबना हृदय का दखु दरू निीं िो सकता । भारत में कुिं 28 राज्य िैं और उन सबकी अपनी भार्ा िै कुिं हमिंाकर भारत में 121 

भार्ाएं बोिंी जाती िैं हकतु देश की मातृभार्ा हिदी िै । हिदी ने आज रािरभार्ा, राजभार्ा का थिान प्राप्त हकया िै हकन्तु वि सबसे 
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पििें िम सब हिदथुताहनयों की सामान्य भार्ा िै । भिें िी भारत में हवशभन्न भार्ाएं बोिंी जाती िो हर्र भी भारतीय समाज में शशधक्षत 

और अशशधक्षत जनता को आसानी से हिदी का प्रयोग करते िुए िम देखते िैं । हिदी की अपनी एक हवकास यात्रा िै । उसके साहित्य 

की आपनी सांथकृधतक हवरासत िै । इसी हिदी ने िी सब को एकसूत्र में बााँध रखा िै । थवतंत्रता संग्राम आंदोिंन में हिदी ने अपनी 

मित्वपूणष भूहमका हनभाई भारतीय जनमानस में रािरवाद जागृत कर साहित्य, पत्र पहत्रकाओं के माध्यम से हिदी ने थवतंत्रता सगं्राम 

आंदोिंन को गधत दी । हिदी के हकतन ेिी एसे रर्नाकार िैं सजन्िोंने थवतंत्रता आंदोिंन में सहक्य सिभागी िो हिदी साहित्य के 

माध्यम से रािरवाद जागृत कर दशेभहि, देशप्रेम बढ़ाया िै । थवतंत्रता आंदोिंन के कुछ सनेानी हिदी के प्रबिं समिषक और प्रर्ारक 

िे। मिावीरप्रसाद स्व्दवदेी ने हिदी का पररमाजषन कर हिदी को आगे बढ़ाया तो थवतंत्रता आंदोिंन के जनक बािंगंगाधर धतिंक 

न ेनागरी प्रर्ाररणी पहत्रका के भार्ण में किा िा हक, “रािरभार्ा मैं ऐसे रािर ीय आंदोिंन की बात कर सकता िूाँ, सजससे सारा भारत 

एक सामान्य भार्ा या रािरभार्ा अपना सके एक भार्ा रािर ीयता का मित्त्वपूणष तत्त्व िै । आप एक सामान्य भार्ा के माध्यम से अपन े

हवर्ार दसूरों तक पिुाँर्ा सकते िैं । यहद आप रािर को एकता के सूत्र में बााँधना र्ािते िैं तो सबके लिंए एक सामान्य भार्ा से अधधक 

प्रबिं शहि कोई और निीं िो सकती ।“  

इस तरि हिदी ने थवतंत्रता यगुीन रे्तना को सशि तरीके से िंोगों तक पिंुर्ा कर भारतीय रािरवाद को आगे बढ़ाया िै 

तिा भारतीय जनमानस में देशप्रेम जगाया ।  

हिदी साहित्य िारा हिदी का थवतंत्रता आंदोिंन में योगदान  

भारतेन्द ुयगु के कहवयों ने जिााँ एक ओर भारतीय इधतिास के गौरवशािंी पृष्ठों का थमरण हदिंा कर देशप्रेम का नया थवर 

रू्ाँ का, विीं दसूरी ओर अंग्रेजों की न्यायहप्रयता, संगठन-शहि, प्रजातंत्र में आथिा, उच्चशशक्षा आहद की भी प्रशसंा की हकन्तु उन्िोंन े

अंग्रेजों की साम्राज्यवादी नीधत का हवरोध हकया । दशे के उद्योग-धन्धों की अवनधत, आर्थिक शोर्ण, करों के बोझ से हनरन्तर दबी 

जा रिी जनता के दखु-ददष का भी इन कहवयों ने अनुभव हकया । ये कहव के्षत्रीयता से ऊपर उठकर रािर के नवजागरण के गीत गान े

िंगे । राधा र्रण गोथवामी, प्रेमधन, श्रीधर पाठक, राम देवी प्रसाद पूणष आहद कहवयों ने देश के उत्कर्ाषकर्ष के लिंए उत्तरदायी 

पररस्थिधतयों पर प्रकाश डािंकर भारतेन्द ुयगुीन कहवयों ने जनमानस में रािर ीय भाव का बीजारोपण हकया । भारतेन्द ुिररश्चन्र, 

प्रतापनारायण हमश्र, प्रमेघन, राधाकृष्ण दास, बािं मुकंुद गुप्त, अस्म्बका दत्त व्यास आहद की कहवतायें इसी परम्परा में लिंखी गयी 

िैं । जैसे .          

“बड़े बड़े बीरन के वंशज, बहन बैठे सब गोरी। 

नाधर् ररझावत परदेससन को,िंाज निीं तनको री। 

जु िें िंिाँगौ कोउ छोरी॥“  

िोलिंकापंर्क - प्रतापनारायण हमश्र 

भारतेंद ुयगुीन गद्य साहित्य की हवशेर्ताओं में सबसे अधधक प्रमखु हवशेर्ता  रािरप्रमे का भाव जागृती िै । सजसे तत्कािंीन 

साहित्यकारों ने िाथय व्यंग के माध्यम से व्यि हकया िै । प्रिम थवतंत्रता संग्राम के पररणामथवरुप भारतवाससयों में सोई िुई 

आत्मशहि के जागरण के साि िी राजनीधतक अधधकारों के प्रधत िंािंसा बढ़ी, सजससे उनमें रािर ीयता के भाव का उदय िोना 

थवाभाहवक िा । इसका प्रभाव इस यगु की रर्नाओं पर भी पड़ा । इस यगु के रर्नाकारों की रर्नाओं में देशभहि का थवर हवशरे् 

रूप से गंुजायमान रिा । उदािरण- भारत ददुषशा भारतेन्द ुिररश्चन्र िारा सन 1875 ई. में रधर्त एक हिन्दी नाटक । इसमें भारतने्द ु

ने प्रतीकों के माध्यम से भारत की तत्कािंीन स्थिधत का धर्त्रण हकया िै । वे भारतवाससयों स ेभारत की ददुषशा पर रोने और हर्र 

इस ददुषशा का अन्त करने का प्रयास करने का आह्वान करते िैं । भारतेन्द ुका यि नाटक अपनी यगुीन समथयाओं को उजागर करता 
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िै तिा साि िी साि उसका समाधान करता िै । भारत ददुषशा में भारतेन्द ुने अपन ेसामने प्रत्यक्ष हदखाई दनेे वािंी वतषमान िंक्ष्यिीन 

पतन की ओर उन्मुख भारत का वणषन हकया िै । जैसे- 

“तीन नासी बुधर्द् बिं हवद्या, धन बिू बारी । 

छाई अब आिंस – कुमधत – किंि - अंधधयारी ।। 

भय अंध पंगु सब दीन- िीन हबखिंाई । 

िा! िा! भारत ददुषशा ना देखी जाई।।  

- भारत ददुषशा-भारतेंद ुिररश्चन्र 

हिवेदी यगु में खड़ी बोिंी हिदी का प्रर्िंन और प्रधतष्ठापन आर्ायष मिावीर प्रसाद हिवदेी िारा हकया गया । रािर ीयता हिवेदी 

यगुीन काव्य की प्रधान भावधारा िी । इस यगु के प्रायः सभी कहवयों ने दशेभहिपूणष कहवताओं का सृजन हकया । उन्िोंने परतंत्रता 

की हनरा में सुप्त भारतीयों को जाग्रत करने का प्रयास हकया । भारतीय थवतंत्रता संग्राम के इधतिास में इस यगु का हवशेर् मित्त्व िै । 

भारतीय गौरव और सम्मान से जुड़े अनेक आन्दोिंनों का प्रभाव इस यगु में रिा । गांधी जी के आगमन से दशे में नयी शहि सरं्ररत 

िुई तिा रािर ीयता की िंिर पूर ेदेश में रै्िं गयी । कहवयों ने थवतंत्रता प्राहप्त के लिंए क्ांधत का आह्वान हकया । उन्िोंने गौरवपूणष 

अतीत के धर्त्रण के साि िी वतषमान की दवु्यषवथिा का भी वणषन हकया िै । इन कहवयों ने सामासजक कुरीधतयों, अंधहवश्वासों, 

हनधषनता, थवदेशी भावना, असियोग थवातंत््रय आन्दोिंन आहद सभी को अपना काव्य हवर्य बनाकर सशि अशभव्यहि दी । 

आ.मिावीर प्रसाद हिवदेी, नािरूाम शंकर, मन्नत हिवदेी, रामर्ररत उपाध्याय, रूप नारायाण पाण्डेय, िंोर्न प्रसाद पाण्डेय, गया 

प्रसाद शुक्ल ’थनेिी’, रामनरशे हत्रपाठी, माधव शुक्ल, सत्यनारायण कहवरत्न आहद की रर्नाओं में रािर ीय जागृधत और क्ांधत के धर्त्र 

हमिंते िैं । िंोक कहवयों ने कागं्रेस, मिात्मा गांधी, असियोग आन्दोिंन, र्खाष, थवराज आहद से सम्बस्न्धत िंोकगीतों की रर्ना 

कर हिदी के माध्यम से देशप्रमे और थवातंत््रय रे्तना जगाने की रे्िा की िै । जैसे- 

“र्िं पड़े सजधर दो डग मग में 

र्िं पड़े कोहट पग उसी ओर, 

पड़ गई सजधर भी एक दृहि 

गड़ गये कोहट दृग उसी ओर ।“ 

  - यगुावतार- गांधी, सोिनिंािं हिवदेी 

छायावाद की रािर ीय रे्तना अपने अंधतम थतर पर केविं रािर तक सीहमत निीं रिती बस्कक संपूणष मानवता के थतर पर 

सहक्य िो जाती िै । यि भारतीय चर्तन सहृि की विी धारणा िै सजसमें रािर ीय हितों व वैधश्वक हितों को परथपर हवपरीत निीं बस्कक 

सुसंगत शहियों के रूप में हवश्व कुटुंबकम का व्याख्यान हकया जाता िै । थवाधीनता के संघर्ष में नए हवककप के तौर पर हनरािंा 

सुझाते िैं । जैसे- 

“शहि की करो मौलिंक ककपना, करो पूजन, 

छोड़ दो समर जब तक न ससधर्द् िो रघुनंदन । 

रावण अशरु्द् िोकर भी यहद कर सका त्रथतए, 

तो हनधश्चत तमु िो ससर्द् करोगे उसे ध्वथत ।।“ 

- राम की शहिपूजा - हनरािंा  
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संके्षप में यि थपि िै हक हिदी साहित्य जगत के रर्नाकारों ने हिदी के माध्यम से रािरवाद की अवधारणा हनमाषण से िेंकर 

उसके हवकास तक हिदी के साहिस्त्यक हवधा के माध्यम से अिम योगदान हदया । 

हिदी पत्र-पहत्रका के माध्यम से हिदी का थवतंत्रता आंदोिंन में योगदान - 

राजनैधतक, शधैक्षक, आर्थिक, सामासजक तिा धार्पमक हवकास के पररणामथवरूप जो रािरवाद उहदत िुआ, उसे पत्रकार, 

बुधर्द्जीवी, रािरवादी िंोग हवशभन्न पत्र-पहत्रकाओं में अंग्रेजी शासन के दमन और पोर्ण के हवरूर्द् लिंखत ेरिे और जनता को जागरूक 

करके नवोत्िान के लिंए मागष प्रशथत हकया । हिन्दी और अन्य भारतीय भार्ाओं के पत्रकार अपनी रािरवादी भावनाओं और हवर्ारों 

के लिंए प्रख्यात रिे िैं । थवतंत्रता संघर्ष के दौरान हिन्दी साहित्य और हिन्दी पत्रकाररता साि.साि र्िंने िंगे तत्कािंीन पररस्थिधत 

में रर्नाकार एक साि साहित्यकार और पत्रकार दोनों िुआ करते िे । 

पत्रकाररता के संबंध में किा गया िै हक वि शीघ्रता में लिंखा गया साहित्य िै और साहित्य प्रतीक, हबम्ब और अप्रथततु 

किन के िारा अपना प्रधतपाद्य अशभव्यि करता िै । साहित्य को समझने वािें िंोगों का एक खास वगष िोता िै । हकन्तु पत्रकाररता 

जनता की भार्ा में जनता की बात करती िै । संभवतः यिीं कारण िै हक थवतंत्रता अवधध के सभी रर्नाकारों ने अशभव्यहि के 

माध्यम के रूप में साहित्य और पत्रकाररता दोनों को रु्ना सजस प्रकार दशे के थवाधीनता सगं्राम में रािरनायकों का अप्रधतम योगदान 

रिा, उसी प्रकार पत्र-पहत्रकाओं के माध्यम से भी िंोगों में रािर ीयता की भावना को जगाया गया रािर ीयता की वि धारा सजसका 

हवकास राजनीधत के माध्यम से िो रिा िा पत्रकाररता की शहि से संपन्न िी ।   

हिदी पत्र-पहत्रकाओ ंका प्रिम र्रण – 

1826 ई. में उदतं मातंड के प्रकाशन से िेंकर 1873 ई. में भारतेन्द ुके िररश्चन्र मैगजीन तक को हिदी पत्र पहत्रकाओं का 

प्रिम र्रण माना जाता िै । हिन्दी पत्रकाररता का प्रारशंभक कािं के हिन्दी पत्र हनम्नांहकत रिे िैं । जुगिंहकशोर शुक्ल का उदंत 

मातषण्ड, 1826 में नीिं रतन िािंदार का बंगदतू, 1829 में राजा शशवप्रसाद ससतार ेहिन्द का बनारस अखबार, 1845 में प्रेमनारायण 

का मािंवा अखबार, 1848 में तारामोिन हमत्र का सुधाकर, 1850 में मुंशी सदा सुखिंािं का बुधर्द् प्रकाश, 1852 में मुशंी िंक्ष्मण 

दास का ग्वालिंयर गजट, 1853 में कयामसुंदर का समार्ार सुधावर्ष, 1854 राजा िंक्ष्मण जसि का प्रजाहितैर्ी, 1855 बाबू श्रीिंािं 

का सजयाजी प्रताप, 1855 शशवनारायण का सवषहितकारक, 1855 ग्रंिसभा का बुधर्द्वधषक ग्रंि, 1856 कन्िैयािंािं का राजपूताना 

अखबार, 1857 अजी मुल्ला का पयामें आजादी, 1857 नवीनर्न्र राय का ज्ञानप्रदाधयनी पहत्रका, 1866 तत्वबोधधनी पहत्रका  आहद 

पत्र रािर ीयता की भावना से भर ेिुए िे । इन पत्रों में समाजसुधार, रािर ीयता, क्ांधत की भावना एवं हवदशेी शासन के हवरूर्द् बगावत 

का थवर िै । जैसे-  

“भारतेन्द ुने पत्रकाररता के माध्यम स ेसाहित्य की अनेक नवीन हवर्ाओं को हवकससत कर उनके माध्यम से थवतंत्रता की 

भावना को हवकससत हकया । उनके पत्रों से रािर ीय हवर्ारधारा प्रथरु्हटत िुई ।“  

भारतेन्द ुके पत्रों के अधतररि पं. बािंकृष्ण भट्ट का हिन्दी प्रदीप, पं. प्रताप नारायण हमश्र का िाह्मण, प्रेमधन का आनंद 

कादंहबनी और नागरी नीरद, पं. गौरी दत्त का देवनागरी प्रर्ारक, ठाकुर िनुमंत जसि का राजपूत, रूरदत्त शमाष िारा संपाहदत भारत 

हमत्र, बािंमुकुन्द गुप्त का हिन्दी बंगवासी, श्री तोताराम जी का भारत बन्धु, गोपािं राम गिवरी का भारत भूर्ण, पंधडत मोिनिंािं 

िारा संपाहदत मोिन रं्हरका आहद इस यगु के प्रमुख पत्रकार एवं पत्र-पहत्रकाएं िी । इनमें से अधधकांश संपादक एवं िेंखक भारतेन्द ु

मण्डिं के िे । इन सभी का मिूं उद्दकेय थवदशेप्रेम, भार्ा एवं संथकृधत के प्रधत अनन्य श्रर्द्ा, रािरप्रेम, हिन्दी भार्ा का प्रर्ार आहद 

िा । 
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हिदी पत्र-पहत्रकाओ ंका हितीय र्रण - 

1900 ई. से 1920 ई. तक का यगु हिवेदी यगु के नाम से जाना जाता िै । हवर्ारक और साहित्य नतेा आर्ायष मिावीर 

प्रसाद हिवदेी के नाम पर िी इस कािं का नाम हिवदेी यगु पड़ा । 1900 में प्रकाशशत सरथवती के माध्यम से पं.मिावीर प्रसाद हिवदेी 

ने साहिस्त्यक पत्रकाररता की परपंरा को समृर्द् और पररष्कृत हकया । सरथवती पहत्रका में दशेप्रेम हवर्यक कहवता का प्रकाशन 

अनवरत जारी रिी । पं. मिावीरप्रसाद हिवदेी की जन्मभूहम भारतभूहमश, आयषभूहम प्यारा वतन, रूपनारायण पांडेय की मातभृूहम, 

िंक्ष्मण जसि की जन्मभूहम पूजन, रामनरशे हत्रपाठी की जन्मभूहम भारत रामर्ररत उपाध्याय की भव्यभारत आहद देश-प्रेम से 

ओत.प्रोत कहवताएाँ  सरथवती में िंगातार प्रकाशशत िोती रिी । मिावीर प्रसाद हिवदेी ने सन् 1903 से 1918 ई. तक िंगातार 

सरथवती का संपादन कर हिन्दी की साहिस्त्यक पत्रकाररता को नया आयाम हदया। यिी कारण िै हक पत्रकाररता के इस कािंावधध 

को साहिस्त्यक पत्रकाररता का यगु अिवा हिवदेी यगु किा जाता िै । 

आर्ायष नदंदिुंार ेवाजपेयी लिंखते िैं, “हिवेदी जी के सरथवती संपादन का इधतिास ऐसे अनेक आंदोिंनों का इधतिास िै 

। जो उनके व्यहित्व और तत्कािंीन समाज के हवकास का इधतिास भी किा जा सकता िै । 

हिवेदी कािंीन प्रमुख पत्र.पहत्रकाएाँ  हनम्नांहकत िै- पं. र्ंरधर शमाष गुिेंरी के संपादकत्व में जयपुर से समािंोर्क पहत्रका, 

शांधतनारायाण का थवराज्य पत्र, मदनमोिन मािंवीय का अभ्यदुय धतिंक के केसरी का हिन्दी संथकरण, हिन्दी केसरी पं. सुंदरिंािं 

का कमषयोगी, कृष्णकांत मािंवीय का मयाषदा, गणेश शंकर हवद्यािी का प्रताप यवुक और हवशािं भारत यगुांतर गदर वंदेमातरम्, 

प्रभा आहद इन पत्र- पहत्रकाओं ने थवतंत्रता आंदोिंन में अपना भरपूर योगदान हदया । 

इन पहत्रकाओं पर गांधी के हवर्ारों का थपि प्रभाव हदखाई पड़ता िै । अब पत्रकाररता की धारा रािर ीय रे्तना से प्रेररत िोकर 

मिात्मा गांधी के नेतृत्व में गधतमान रािर ीय आंदोिंन का समिषन करने िंगी । इस यगु में गांधी जी ने अपनी पत्रकाररता के माध्यम 

से जन-जागरण सत्याग्रि एवं अछूतोर्द्ार का कायष प्रारभं कर हदया । नवजीवन और िररजन पत्र के माध्यम से गांधीजी ने तो एक 

नए यगु और सामासजक क्ांधत का उद्घोर् कर हदया िा । गााँधी जी से प्रभाहवत िोकर थवराज की मााँग को प्रखर थवर देने िेतु हवशभन्न 

पत्र-पहत्रकाएाँ  प्रकाशशत िुयी । जैसे- जबिंपुर से कमषवीर, आगरा से सुधाकर, िंािौर से ज्योधतश, सोिागपुर से हिन्द,ू प्रयाग से 

हिदथुतानी अखबार, किंकत्ता से क्षहत्रय मातषण्ड, काशी से अहिसा, आज कानपुर से वतषमान और िंोकमत पटना से प्रजाबंधु तिा 

देश आहद पत्र- पहत्रकाएाँ  प्रकाशशत िुयी । 

थवतंत्रता आंदोिंन में राजकीय नेताओ ंका हिदी समिषन – 

थवतंत्रता सगं्राम भी अनेक नेताओं के नतेृत्व में िंड़ा गया । थवतंत्रता के साि-साि िमार ेराजनेताओं ने आत्माशभव्यहि 

की थवतंत्रता का आंदोिंन भी छेड़ा । भारत के िंोग अंग्रेजी भार्ा और अंग्रेजी शशक्षा के हवरुर्द् बोिंने िंगे । हिदी सीखना और 

बोिंना थवतंत्रता आंदोिंन का एक अंग बन गया । आजाद हिद र्ौज में हिदी का िी बोिंबािंा िा । सुभार्र्ंर बोस भी हिदी में 

ओजथवी भार्ण दतेे िे । िंोकमान्य बािं गंगाधर धतिंक, मिात्मा गााँधी, राजगोपािंार्ारी, मिामना पं. मदन मोिन मािंवीय, 

आर्ायष नरेंर देव, राजर्पर् पुरुर्ोत्तम दास टंडन आहद नेताओं न ेहिदी की अस्थमता को पिर्ाना और हिदी के प्रर्ार- प्रसार में जुट 

गए । मिात्मा गााँधी ने तो रािरभार्ा हिदी के आंदोिंन को थवतंत्रता आंदोिंन के साि जोड़ हदया । उन्िोंने थवयं हिदी सीखी और 

अन्य िंोगों को भी हिदी सीखने के लिंए प्रेररत हकया । शुरू में मिात्मा गांधी जी के हवर्ार गुजराती में और अंग्रेजी में िी प्रकट िोत े

देखकर श्री जमनािंािं बजाज ने गुजराती नवजीवन की हिदी आवृलत्त, संथकरण हनकािंने का आग्रि हकया । मिात्मा जी मान गये 

और उनके अंग्रेजी और गुजराती िेंखों का अनवुाद हिन्दी में प्रकट िोने िंगा  । जो काम हिदी नवजीवन ने हकया, विी आगे जाकर 

िररजनसेवक िारा आलखर तक िोता रिा । देशप्रेम और हिदी भार्ा के प्रधत अपने हवशेर् प्रमे के कारण गांधी जी ने जिां तक िो 
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सका हिदी बोिंने का और पत्र लिंखने का हनयम र्िंाया । इन नेताओं ने सभी भारतीय जनता को एकहत्रत िंाने और थवतंत्रता 

आंदोिंन को और अधधक प्रबिं बनाने िेतु हिदी का समिषन हकया िा । हिदी समिषन िेतू नतेाओं के विव्य कुछ इस प्रकार िे । 

जैसे 

राजर्पर् पुरुर्ोत्तम दास टंडन ने किा िा हक “मेर ेलिंए हिदी की समथया भारत की थवतंत्रता की समथया िै । भार्ा की 

समथया रािर की समथया से संबंधधत िोती िै । भारत में अगं्रेजी भार्ा की प्रधानता थवीकार करना अगं्रेजी जीवन-ससर्द्ातं के सामन े

ससर झुकाना िै । यि िमारी बौधर्द्क दासता का सूर्क िै ।“ 

गााँधीजी ने किा िा, “रािरभार्ा के हबना रािर गूाँगा िै ।“ 

हनष्कर्ष – 

इस प्रकार रािरभार्ा के हबना रािरीय एकता और भावात्मक एकता का संवधषन और पोर्ण निीं िो सकता । प्रार्ीन कािं स े

िी हिदी ने इसका पोर्ण हकया िै । वाथतव में हिदी िंोकभार्ा िै और उसकी शहि जनशहि िै । इस देश की सामाससक संथकृधत 

को व्यि करने की क्षमता हिदी में िै । थवाधीनता आंदोिंन के दौरान हिदी न केविं पूर ेदशे को जोड़ने वािंी रािर ीय कड़ी बनी 

बस्कक वि अपने आप में आंदोिंन का एक पहवत्र िंक्ष्य िी । हिदी ने अपने साहित्य के माध्यम से रािरवाद को आगे बढ़ाया और 

थवतंत्रता आंदोिंन में अपना योगदान हदया । 
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थवतंत्रता आंदोिंन में शिीद भगतजसि का योगदान 
 

पूजा काशीनाि मठु्ठ े

पीएर्. डी. (हिदी) शोध छात्रा, 

डॉ. बाबासािेब आंबेडकर मराठवाड़ा हवश्वहवद्यािंय, 
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भ्रमण ध्वहन नम्बर: 7028147012 

 
भहूमका- 

इधतिास के पन्नों को अगर पिंटा जाए तो आज भी भगतजसि का बलिंदान िमार ेहदिं को छू िेंता िै । देश को आजाद 

करने के लिंए अनेक थवतंत्र सगं्राम िुए । उसम ेकेविं मिात्मा गांधी िी निीं, बस्कक भगतजसि जैसे अनेक नौजवानों ने अपना 

बलिंदान हदया । भगतजसि एक मिान क्ांधतकारक िे । उनका हवर्ार िा हक, आत्मरक्षा के लिंए अगर कोई हिसा की जाए तो वि 

हिसा निीं िोती बस्कक आत्मरक्षा िोती िै । 

भगतजसि का जन्म 28 ससतंबर 1907 को िंायिंपुर सजिें के बंगा में िुआ िा । जो अब पाहकथतान में िै । उनका पैतृक 

गांव खटकड़ किंााँ िै । जो पंजाब राज्य, भारत में िै । उनके जन्म के समय उनके हपता हकशनजसि, र्ार्ा अजीतजसि और थवणषजसि 

जेिं में िे । भगत जसि पर इन सभी का गिरा प्रभाव पड़ा िा । उन्िोंने बर्पन में िी अंग्रेजों के अत्यार्ार को बिुत करीब से देखा 

िा । वे बर्पन से िी अंग्रेजों से घृणा करने िंगे िे । भगतजसि के मन में क्ांधत की चर्गारी तभी जिं पड़ी जब उन्िोंने 1919 में 

जालिंयांवािंा बाग की घटना को उन्िोंने बिुत करीब से देखी और वि गंभीर रूप से उस घटना से प्रभाहवत िुए । बर्पन में वि 

मिात्मा गांधी के असियोग आंदोिंन में भाग िेंने िंगे, और उनके हवर्ारों पर र्िंने िंगे । 14 वर्ष की आय ुमें िी भगतजसि न े

सरकारी थकूिंों की पुथतकें  और कपड़े जिंा हदए । पर र्ौरा-र्ोरी की घटना के कारण मिात्मा गांधी ने असियोग आंदोिंन पीछे 

िें लिंया । इसका सदमा भगतजसि पर बिुत गिरा पड़ा । उस समय भगतजसि िंािौर के नेशनिं कॉिेंज में पढ़ते िे । विां उनकी 

मुिंाकात सुखदेव से िुई । 

भगतजसि हिदी, उदूष, अगं्रेजी, संथकृत, पंजाबी, बंगािं और आयररश भार्ा के ममषज्ञ चर्तक और हवर्ारक िे । भगतजसि 

भारत में समाजवाद के पििें व्याख्याता िै । भगतजसि अच्छे विा, पाठक और िेंखक भी िे । उन्िोंने ‘अकािंी’ और ‘कीर्तत’ दो 

अखबारों का संपादन भी हकया । साम्यवादी हवर्ारों को माक्सष, िेंहनन, एंसजकस आहद को पढ़ने के अधतररि भगतजसि ने अप्टॉन 

जसके्लयर, जैक िंंडन, बनषड शा, र्ाकसष धडकेन्स साहित्य सहित तीन सौ से अधधक मित्वपूणष हकताबें पढ़ रखी िी । भगतजसि का 

अध्ययन व्यवस्थित वजै्ञाहनक और व्यविाररक िा । वि पुथतकों के नोर्टस बनाकर साशियों से हवमशष करने के बाद अंधतम राय 

कायम करने के पक्षधर िे । इस दौरान भगतजसि को अधधकतर माक्सषवाद से संबंधधत पुथतकें  पढ़ने को हमिंी । मिुरादास ठाकुर ने 

अपने हवर्ार व्यि करते िुए किा िै हक, “भगतजसि और सुखदेव को छोड़कर और हकसी ने ना तो समाजवाद को अधधक पढ़ा िै 

और ना िी मनन हकया िा । भगतजसि और सखुदवे का ज्ञान भी िमारी तुिंना में अधधक िी िा ।” 1 िंािौर के नेशनिं कॉिेंज 

की पढ़ाई छोड़ कर भगतजसि ने िंािौर में रिकर वे यवुाओं में क्ांधतकारी हवर्ारों को रै्िंाने िंगे । पंजाब में ‘हिदथुतान ररपस्ब्िंकन 
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एसोससएशन’ के हवर्ारों को रै्िंाने के लिंए उन्िोंने 1926 में ‘नौजवान भारत सभा’ की थिापना की । वे सभी समाजवादी 

हवर्ारधारा से प्रभाहवत िे । वे यवुाओं की सिायता से भारत में मजदरूों और हकसानों का गणराज्य थिाहपत करना र्ािते िे । उनके 

दिं के प्रमखु क्ांधतकारी- सुखदेव, यशपािं, र्ंरशेखर आजाद एवं राजगुरु िे । भगतजसि ने सशि क्ांधत को हिहटश साम्राज्यवाद 

के लखिंार् एकमात्र िशियार माना । 

भगतजसि ने अपने क्ांधतकारी जीवन की शुरुआत कानपुर से गणेश शंकर हवद्यािी के ’पत्र प्रताप’ से की िी । उसमें वि 

बिंवतं के नाम से लिंखा करत ेिे । यि हवद्यािी और भगतजसि की घहनष्ठता का रिथय बिुत बाद में उजागर िुआ । अपने प्रखर 

रािरवाद के कारण भगतजसि ने अपने साशियों का हवदशे जाकर आर्थिक सिायता प्राप्त करने का प्रथताव भी ठुकरा हदया । दरअसिं 

उन्िोंने िी क्ाधंतकाररयों को एकजुट करने की पििंी गंभीर कोशशश की िी । 1928 में ‘साइमन कमीशन’ का हवरोध करते िुए, 

‘िंािंा िंजपतराय’ पुलिंस की मार से शिीद िो गए । सार ेदशे में हनराशा और बेबसी की िंिर दौड़ गई । इस रािर ीय अपमान का 

बदिंा िेंने के लिंए भगतजसि न ेराजगुरु के साि हमिंकर 17 हदसंबर 1928 को इसके दोर्ी अंग्रेजी अर्सर ‘साण्डसष’ की गोिंी 

मारकर ित्या कर दी । इनमें र्ंरशेखर आजाद ने उनकी पूरी सिायता की िी । इस कायषवािी के बाद भी िंोगों में आजादी की िंड़ाई 

के लिंए उत्साि और क्ांधतकाररयों का संककप, हवर्ारधारा उन तक निीं पिुाँर् पाई िी । इसी कारण भगतजसि और उनके साशियों 

को हनराशा प्राप्त िुई । हकसी व्यहि को मारना भगतजसि का उद्देकय निीं िा । वि अपने दशेवाससयों को अपने समाजवादी िंक्ष्यों के 

बार ेमें बताना र्ािते िे । अतंतः भगतजसि देशवाससयों तक अपनी आवाज पिुाँर्ाने के उद्देकय से कें रीय असेंबिंी में बम र्ें कन ेकी 

योजना बनाई । ताहक दशे का ध्यान बिुजन क्ाधंत की ओर खींर्ा जा सके । 

िरदीपजसि के अनुसार “8 अप्रिैं 1929 को इम्पीररयिं असेम्बिंी, हदल्ली में भगतजसि और बी.के दत्त ने बम हवथपोटष 

करने के बाद हगरफ्तारी देते िुए ‘इन्किंाब जजदाबाद’ का नारा िंगाकर अंग्रेज सरकार की जड़ें हििंा दी । असेम्बिंी में िंािं रगं 

के परे् र्ें के गए सजन पर लिंखा गया िा ‘बंद कानों को सुनने के लिंए धमाके की जरूरत िोती िै ।“2 भगतजसि और उनके साशियों 

का बम र्ें कने का मकसद हकसी को मारना निीं िा । बस्कक हिहटश िुकूमत िारा िंागू हकए गए दो हबिंों पस्ब्िंक सेफ्टी हबिं और 

टर ेडी धडथप्यटू हबिं का हवरोध करना िा । वि विां से भाग सकते िे, पर उन्िोंने अपनी हगरफ्तारी थवयं कराई । विां से न भागन े

के पीछे उनका मकसद अपनी बात िंोगों तक पिंुर्ाने की िी । उस दौर में हिहटश दमन इतना तेज िा हक, हकसी भी इन्किंाबी 

हकताब, हवर्ार िंोगों तक पिंुर्ाना िंगभग नामुमहकन िा । भगतजसि और उनके साशियों ने अपनी हगरफ्तारी दनेे के बाद कोटष में 

अपने बयान हदए और उम्मीद की हक, इस बयान को अखबारों में छपा जाएगा और शायद इसी बिाने िंोगों तक अपने हवर्ार और 

सोर् वे िंोगों तक पिुाँर्ा सकें गे । 

भगतजसि ने हवर्ार प्रकट करत ेिुए किा हक, “क्ांधतकाररयों का हवश्वास िै हक, देश को क्ांधत से िी थवतंत्रता हमिेंगी व े

सजस क्ांधत के लिंए प्रयत्नशीिं िै और सजस क्ांधत का रूप उनके सामने थपि िै उसका अिष केविं यि निीं हक, हवदेशी शासकों 

तिा उनके हपटठुओ से क्ांधतकाररयों का सशि संघर्ष िो, बस्कक इस सशि संघर्ष के साि-साि नवीन सामासजक व्यवथिा के 

िारा देश के लिंए मुि िो जाए । क्ास्न्त पूाँजीवाद, वगषवाद तिा कुछ िंोगों को िी हवशेर्ाधधकार हदिंाने वािंी प्रणािंी का अन्त कर 

देगी । यि रािर को अपने पैरों पर खड़ा करगेी । उससे नवीन रािर और नए समाज का जन्म िोगा । क्ांधत से सबसे बड़ी बात तो यि 

िोगी हक वि मजदरू तिा हकसानों का राज्य कायम कर उन सब को सामासजक अवांशछत तत्वों को समाप्त कर देगी जो देश की 

राजनीधतक शहि को िाशियाये बैठे िैं ।”3 भगतजसि का मकसद पूाँजीवाद को हमटाना िा । उनका सपना संपूणष थवतंत्रता का िा । 

वे र्ािते िे हक, देश में कोई हकसी का शोर्ण निीं करगेा । सब को थवतंत्रता से जीने का अधधकार िै । जाधत, प्रातं के नाम पर कोई 

िंड़ाई निीं करगेा । मुकक सभी के लिंए समान िै । भगतजसि इन मूकयों के लिंए िंड़े और समाज को संदेश देते रिे हक “देश के 
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नौजवानों ने बिुत इंतजार कर लिंया । बिुत हदनों तक घुट-घटु कर जी लिंये । इस या उस र्ुनावबाज पाटी से बदिंाव की उम्मीदें 

पािंकर बिुत धोखा खा लिंया । उन्िें सोर्ना िी िोगा हक अब और हकतना छिें जायेंगे? अब और हकतना बदाषकत करेंगे? दहुनयादारी 

के भंवरजािं में कब तक र्ाँ से रिेंगे? हकतने हदन तक र्ुनौधतयों से आंखें र्ुरायेंगे? उन्िें भगतजसि के संदशे को सुनना िोगा । नई 

क्ांधत की राि पर र्िंने के लिंए वि आवाज दे रिा िै, उसे सुनना िोगा”4 भगतजसि ने अपनी वैर्ाररक समझदारी को समाज के 

सामने िंाने का प्रयास हकया िा । उनके लिंए आजादी का ध्यये िा ससर्ष  समाजवाद और धमषहनरपेक्ष राज्य । 

जेिं में भगत जसि दो सािं रिे। उन्िोंने विां की दयनीय स्थिधत को देखकर जेिं में भूख िड़तािं शुरू की । उनकी मांगे 

िी हक, कैहदयों को खाने िंायक अच्छा खाना, कपड़े और हकताबों की व्यवथिा की जाए । जेिं में उन्िोंने अनेक अत्यार्ारों को 

सिा । उनकी भूख िड़तािं रोकने की बिुत कोशशश की गई, पर वो कामयाब निीं िो सके । 64 हदनों तक भूख िड़तािं जारी िी 

सजसमें उनका एक सािी यतींरनाि दास ने तो उस भखू िड़तािं में अपने प्राण िी त्याग हदए िे । जब भगतजसि जेिं में िे । इस 

दौरान वे िेंख-लिंखकर अपने क्ांधतकारी हवर्ार व्यि करते रिे । अपने िेंखों में उन्िोंने कई तरि के पूंजीपधतयों को अपना शतु्र 

बताया िै । उन्िोंने लिंखा िै हक, मजदरूों का शोर्ण करने वािंा र्ािे वि एक भारतीय िी क्यों न िो वि उनका शतु्र िै । उन्िोंने 

जेिं में अंग्रेजी में एक िेंख भी लिंखा िा । सजसका शीर्षक िा ‘मैं नास्थतक क्यों िूाँ?’ जेिं में रिते िुए उनका अध्ययन बराबर जारी 

रिा । इस दौरान उनके लिंखे गए िेंख व पररवार को लिंखे गए पत्र आज भी उनके हवर्ारों के दपषण िै । 

असेंबिंी में धमाके के बाद जो मुकदमा र्िंाया गया । उस मुकदमें को भगतजसि ने तिा उनके साशियों ने गंभीरता से निीं 

लिंया । उनका मकसद केविं अपने हवर्ारों को जनता तक पिंुर्ाना िा । अंततः इस मुकदम ेका रै्सिंा सनुाया गया । सजसस े

भगत जसि, सुखदेव और राजगुरु को र्ांसी तिा 9 क्ांधतकाररयों को आजीवन कारावास की सजा सुनाई गई । सरकार ने 24 मार्ष 

1931 को तीनों क्ांधतकाररयों को र्ााँसी दनेे का हनणषय लिंया । सामान्यता: र्ााँसी प्रात:कािं के समय दी जाती िी । तिा शव 

पररजनों को सौंप हदये जाते िे । परतंु सरकार ने जनता के भय से दोनों परपंराओं को निीं हनभाया । 23 मार्ष 1931 को तीनों को 

साय ंके सात बजे र्ााँसी द ेदी गई । तिा गुप्त तरीके से उनके शवों को सतिंज नदी के तट पर िें जाकर उनका अंधतम सथंकार कर 

हदया गया । 

भगत जसि भारत के एक प्रमुख थवतंत्रता सेनानी क्ांधतकारी िे । आज भी सारा दशे उनके बलिंदान को बड़ी गंभीरता व 

सम्मान से याद करता िै । उनके जीवन पर आधाररत कई हिन्दी हर्कमें भी बनी िैं सजनमें- द िंीजेंड ऑर् भगत जसि, शिीद, 

शिीद भगत जसि आहद प्रमुख िै । 
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परपंरा से शभन्न तिुंसी का काव्यादशष  
 

डॉ. सुहमत्रा कोतपल्ली, 

प्राच्य भार्ा हवभाग 

सर सी आर रडे्डी कॉिेंज, 

एिंुरु 

 

रामधारा के अंतगषत साहिस्त्यक उत्कर्ष और गुणों के कारण सजनका नाम गौरव के साि थमरण हकया जाता िै, वे कहव 

शशरोमशण गोथवमी तिुंसी दास िै । तुिंसीदास ने अपने को कहव के रूप मे कभी भी र्र्तर्त निीं हकया और मानस मे थपि घोर्णा 

की हक “भशणधत भदेस बथतु भिं बरनी “ रामकिा जगमंगिं करनी । “ हकतु उन्िोने सजस रामकिा की थवणष मुहरका मे अपनी 

कहवता के रत्नो को जड़ा उसकी तृहप्त से रामकिा भी देदीप्यमान िो गई । ‘रामर्ररतमानस’ अपने समय मे जीते िुए मनुष्य और 

अन्य जीवो के किंुहर्त हमटाकर मंगिं करणी कलिंमिं िररणी रघुनाि की किा िै । यि किा नर से नारायण बनने की भी िै । यि 

आत्मककयाण की िै । यि किा सकिं िंोक के लिंए जग पावनी गंगा के समान िै । यि भारतीय वाङ्मय की अमृत-किा िै । संथकृत 

साहित्य शाि मे कभी इतना िी काव्य िंक्षण पयाषप्त समझा जाता िा हक काव्य या साहित्य विी िै सजसमे शब्द और अिष साि िो 

। “शब्दािाष सहितौ काव्यम्  । “ यि िंक्षण काव्य को वेद और पुराणेधतिास से पिृक कर दतेा िै । पर उसके थवकीय वैशशष्ट्य को 

पूणषतया थपि निीं करता । ‘वदे’ मे शब्द की प्रधानता िोती िै, शब्द गौण रिता िै । काव्य मे शब्द और अिष दोनों की प्रधानता िै, 

प्रत्यतु दोनों सयिु रिते िै जिं तरगं की भांधत “1 

वाथतव मे तुिंसीदास ने अपनी काव्य सवंेदना से मानवीय हृदयतंत्री को सजस ढंग से झकृत हकया और रसमग्नता की जैसी 

स्थिधतयां हनर्पमत की िै , वे अन्यत्र हवरिं िै । उन्िोन ेरीधत काव्यों की भांधत कृहत्रम शब्दाविंी के प्रयोग िारा भाव व्यंजना के उत्कर्ष 

उसकी सरसता पर किमहप कुठाराघात निीं हकया । उन्िोने जन-मानस को थपशष हकया और अपने कौशिं िारा उनके प्रथतुत 

भावो को उद् घाहटत हकया । जन मानस पर उनकी भाव-व्यंजना की सिजता और मधुरता का क्या िा, इसे एडहवन ग्रीव्ज के शब्दों 

मे देखे “Tulasi Das wrote not to display his learning or, to tickle the ear of pedants, he wrote the people and has 

his reward. No poet in England has ever been to the masses what tulasi das has been to the people of his land.”2 
गोथवामी तुिंसीदास ने अपने काव्य मे संत-असतं को व्यापक अिष मे ग्रिण हकया िै । अधधकांश सतं शब्द से तात्पपयष 

उन्िोने ऐसा मिापुरुर्ों से लिंया िै, सजनका जीवन सद् वलृत्तयों स ेसंर्ालिंत िै । सजनके कायष - व्यविार आत्मोन्नयन के साि-साि 

हकसी न हकसी रूप में हवश्वककयाण के प्रवृत िैं । सजनमे थवािष बुधर्द् की अपेक्षा परमािष बुधर्द् की प्रधानता िै । ऐसी मिान हवभधूतयो 

के अशभज्ञान के लिंए उन्िे वे सार ेअशभधान थवीकायष िैं, जो संत, साधु, सज्जन, सत्पुरुर्, मिात्मा, मिापुरुर् आहद हकसी भी पयाषय 

के रूप मे प्रर्लिंत िो, यो तो संत के अस्थतत्व िोना आवकयक िै । “सज्जन यहद राम के थनिे से भी सरस िो तो वि साधूओ की 

सभा मे हवशेर् आदर का पात्र िो जाता िै । तिाहप यहद कोई नास्थतक भी हनकछिं भाव से सार ेसंसार के प्राशणयों का उर्द्ार करता 

िै तो वि भी संत कोहट मे आ जाता िै ।“3 राक्षसों के समाज मे सबके सब रावण के समिषक निीं िै । हवभीर्ण की सास्त्वकता तो 

उजागर िै । िेंहकन कई ऐसे पात्र भी िै जो रावण के प्रभाव या भय से शरीर से उसके साि िै, िेंहकन मन-मस्थतष्क से र्ािते िै 

हक रावण का आतंक समाप्त िो िंंहकनी इसका प्रमाण िै । एक सीमा तक कंुभकणष भी राम से यरु्द् करने के पूवष अपने अंतिंद स े
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रावण हक अनीधत को प्रमाशणत करता िै । मंदोदरी, हत्रजटा, सिुंोर्ना आहद ऐसी नारी शहियााँ िै, जो िंंका के वैभव के बीर् भी 

सद-असद का हववेक निीं खोती िै । 

’रामर्ररतमानस’ मे श्री राम िारा शबरी को हदया गया नवधा- भहि का उपदशे । भागवत मे प्रधतपाहदत श्रवण, कीतषन, 

थमरण, पादसवेन, अर्षन, वदंन, दाथय, सांख्य एवं आत्महनवेदन के नौ रूपों वािंी नवधा भहि के थिान पर वे सजस नवधा-भहि 

का किन श्री राम िारा कराते िैं, उसमे भी भहि के िंोक संग्रािी रूप को ओझिं निीं िोने देते । संतो की संगधत प्रभु के किा-

प्रसंग मे रधत, गुरु पद सेवा, प्रभ ुका गुणगान, दृढ़ हवश्वास के साि राम नाम के मंत्र का जप, इस्न्रय हनग्रि एवं शीिं के साि हनरतंर 

सज्जनता का हनवाषि, जगत भर को समत्व भाव के साि राममय देखते िुए “सतंो का सम्मान करना, सतंोर्-भाव के साि दसूर ेके 

दोर्ो की उपेक्षा करना तिा सबके साि हनकछिं एवं सरिं बताषव करते िुए प्रभु राम का हृदय मे भरोसा रखकर िर्ष एवं दैन्य (दीनता) 

से ऊपर उठना ।“4 

‘रामर्ररतमानस’ उत्तरकाण्ड मे भरत के प्रश्न के उत्तर मे सतं-असंत के िंक्षण बताते िुए प्रभु श्री राम किते िैं हक परोपकार 

से बढ़कर कोई धमष निीं और पर-पीड़ा के सामान कोई अधमष निीं िै और यि बात केविं मै निीं कि रिा िूाँ । समथत पुराणों और 

वेदों का यि हनष्कर्ष िै सजस ज्ञानी जन जानते िैं । 

“परहित सररस धमष निीं भाई । परपीड़ा सम निीं अधमाई । 

हननषय सकिं पुराण वदे कर कािेड़ा तात जानहि कोहवद नर ।। 

क्या दहुनया मे इससे अच्छी भी कोई धमष-अधमष की पररभार्ा िो सकती िै । जैसे मानव - मानव म ेभेद न करने वािें 

और प्राणी मात्र की ककयाण-कामना से ओत-प्रोत असंख्य हवर्ार भर ेपड़े िो । इसी धमष और सथंकृधत के अमर गायक िै, गोथवामी 

तुिंसीदास इनकी किीं गई धमष की पररभार्ाओ को मानकर इस मानव-धमष को यहद ससंार के सार ेमनुष्य अपना िें तो शायद कोई 

समथया िी शेर् न बरे् तब शायद पृथ्वी पर हवनाशकायष उत्पादों का अहवष्कार िी बदं िो जाये और वि ककयाणकारी पि पर हिगुशणत 

वेग से आगे बढ़ सके । तब शायद मनुष्य मनुष्य के राथते की बाधा बनकर उसे नीर्ा हदखाने का काम न कर ेऔर वि एक दसूर ेका 

सिारा बन कर परथपर ऊाँ र्ा उठने-उठाने मे िंगे । पृथ्वी के अधतररि अन्य किीं थवगष खोजने की जगि तब शायद यिीं वि थवगष 

देखने को हमिं सके । 

तुिंसी के ‘रामर्ररतमानस’ का अखण्ड पाठ भी िोता िै, हनयहमत परायण भी िोता िै, रामिंीिंाएाँ  भी िोती िैं और राम 

नाम भी िर समय लिंया जाता िै, िेंहकन इसके लिंये जीवन किीं ठिरता निीं, जीवन की अनन्य गधतहवधधयों के साि यि सब भी 

र्िंता रिता िै । यि तुिंसी की भहि की व्यविाररकता का प्रमाण िै । उसकी सिजता का साक्ष्य िै । डॉ. रामथवरूप र्तवेुदी 

लिंखते िैं, ईश्वर मे पूरी आथिा और मनुष्य का पूरा सम्मान ये दोनों दृहियााँ तिुंसी मे एक दसूर ेसे जुडी िुई िैं । ‘ससयाराममय सब 

जग जानी । करिुाँ प्रनाम जोरर जुग पानी ।‘ जैसे पंहियााँ इस गिर ेआत्महवश्वास पर िी लिंखी जा सकती िै, जिााँ ईश्वर और मनुष्य 

दोनों की एक साि प्रधतष्ठा िो । “अनुभूधत और अशभव्यहि का जैसा संधिि रूप रर्ना मे वथततुः प्रत्याशशत िै, वि ईश्वर और मनुष्य 

की इस एकरूपता मे से हनकिंता िै ।“5 रामर्ररतमानस तिुंसीदास का िी निीं अहपतु हवश्व साहित्य के श्रेष्ठतम ग्रंि मे एक िै । 

काव्य का िंक्ष्य िंोकमंगिं मानते िुए अपने आराध्य मयाषदा पुरुर्ोतम श्री रामरं्र के माध्यम से तिुंसी न ेजीवन का आदशष रूप 

प्रथततु हकया िै । 
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शोध साराशं  

 ससख धमषग्रंि 'गुरुग्रंि साहिब' में हनगुषण सतंों- कबीरदास, रदैास, पीपा, धन्ना आहद के साि सगुण भिों- रामानंद, 

सूरदास, मीराबाई, सूर्ी शेख र्रीद आहद सतं कहवयों को भी संकलिंत हकया गया िै । इन सभी में कबीरदास जी का हवशशि थिान 

िै, क्योंहक 'आहदग्रिं' में ससख गुरुओं के प्राय: बाद कबीर-वाणी को जगि हमिंी िै तिा गैर ससख संतों में सवाषधधक संकलिंत रर्नाऐ ं

भी कबीर की िी िैं । 'आहदग्रिं' कबीर-वाणी का इतना व्यापक संकिंन प्रथततु करने वािंा एकमात्र प्रार्ीनतम ज्ञात स्रोत िै ।  

 'आहदग्रिं' में संकलिंत हवशभन्न संतों की हटप्पशणयों तिा कबीर की थवयं की कहवताई के अतं:साक्ष्यों से कबीर संबंधी 

ऐधतिाससक तथ्यों पर भी प्रकाश पड़ता िै । इसमें कबीर अपने पररधर्त 'अक्खड व्यहित्व' हनगुषणवादी ससर्द्ातों के साि उपस्थित 

िोते िैं, सजनमें अपनी अशभज्ञानात्मक अनभुूधत के उद् घाटन, सतगुरु महिमा की प्रधतष्ठा, ज्ञान िारा माया से महुि, िैत एवं अिैत स े

हविंक्षण िह्म की अवधारणा का प्रधतपादन और मानव जहनत समथत हवर्मताओं, जाधत-सम्प्रदाय आधाररत हवभदेों िाह्यार्ारों आहद 

के खंडन की रे्तना तिा प्रेमाधाररत समरस समाज के हनमाषण की बैरे्नी िै । इस प्रकार 'आहदग्रंि' में कबीर वाणी के संकिंन के 

हवहवध आयामों पर अध्ययन की अनेक सम्भावनाऐं हवद्यमान िैं ।  

बीज शब्द :- गुरमधत, गुरुग्रंि साहिब, कबीर वाणी, ससख, सतंकहव आहद । 

गरुमधत साहित्य  

 गुरमत का शास्ब्दक अिष िै गुरु का मत अिाषत् गुरु के नाम पर संककप । यि ससखों िारा हकसी भी धार्पमक, सामासजक व 

राजनैधतक मुद्दों से संबंधधत गुरु के नाम पर आयोसजत सभा में अपनाई गई सिंाि या संककप िै । अठारिवीं शताब्दी के आस-पास 

ससखों ने बैसाखी और हदवािंी के हदन अमृतसर के अकािं तख्त पर इकट्ठे िुए और गुरुग्रंि साहिब की उपस्थिधत में एक पाठ्यक्म 

की योजना बनाने के लिंए एक साि परामशष लिंया, हवर्ार-हवमशष से हनकिंने वािंा अंधतम हनणषय गुरमत का िा । इसने खािंसा 

की सामान्य इच्छा का प्रधतहनधधत्व हकया और इसने गुरु की मंजूरी को आगे बढ़ाया, सभा ने गुरु ग्रंि साहिब के अधधकार को   

हनभाया ।  

 ससख पिं का आधधकाररक धमषग्रंि 'गुरुग्रिं साहिब' िै । दसवें गुरु गोहवद जसि के समय, 1708 ई. में व्यहिगत गुरु-

परपंरा का अंत िुआ, तब से गुरु पद 'ग्रंि साहित्य' में िी हनहित िो गया और ग्रंि को 'शब्द गुरु' का दजाष हमिंा, जो दहुनया भर में 

हवशभन्न धमों में एक अनूठा दृिांत िै । 'ग्रंि साहिब' तदयगुीन राजनीधतक-सामासजक पररस्थिधतयों के हवहवध धर्त्रों के साि 

मध्यकािंीन भहि-आंदोिंन में अंतर्पनहित व्यापक वैर्ाररकी, दशषन, अध्यात्म, सत्संग आहद का सरस दथतावेज िै तो संत-कहवयों 

की रर्नाओं के अपेक्षाकृत हनरपेक्ष प्रामाशणक संकिंनों के कारण इसका साहिस्त्यक मित्व भी िै । इस प्रकार यि भारतीय साहिस्त्यक 
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परम्परा का एक रत्नकोर् िै सजसमें ससख गुरुओं के अिंावा हवशभन्न क्षेत्रों, हवहवध हवर्ार-सरशणयों, शभन्न जाधत-धमष के सतंो की 

बाहनयों को श्रर्द्ापूवषक समाहित हकया गया िै । 

 'गुरुग्रंि साहिब' का प्रारशंभक नाम 'ग्रिं साहिब' िा, हकतु आगे दसवें गुरु गोहवद जसि कृत 'दसम ग्रिं' से भेद दशाषने के 

लिंए इसे 'आहदग्रंि' किा गया, सजसका अशभप्राय िै हक ससख परम्परा का यि आहदग्रिं िै ।  

 'गुरुग्रंि साहिब' समथत मानव समुदाय के लिंए एक सावषभौहगक साधना-पर्द्धत का प्रधतपादन करता िै । यि िर प्रकार के 

आर्ारवाद, रूहढ़वाद, प्रतीकवाद को नकारता िै तिा ईश्वर व मनुष्य के बीर् हकसी भी तरि के आडम्बरों का हवरोधी िै । 'ग्रंि 

साहिब' सच्चे व ईमानदार श्रम को मित्व दतेा िै तिा संन्यास व वैराग्य की हनदा करता िै । इस प्रकार यि श्रहमक एवं ग्रिथिों का 

धमष प्रधतपाहदत करता िै । यि लियों को पुरुर्ों से िीन निीं मानता । यि हिद ूवणाषश्रमवाद, जाधतवाद, छुआछूत का हवरोधी िै तिा 

जन्म, थिान, लिंग आहद के आधार पर भदे भाव को नकारता िै । 'गुरुग्रिं साहिब' कमष, भहि तिा ज्ञान का सतंुिंन प्रधतपाहदत 

करता िै । शरीर की सािषकता जिााँ पररवार-समाज की भिंाई िेतु सत्कमों में िै, विी मन को ईश्वर की ओर उन्मुख िोना र्ाहिए, 

सेवाभाव इसका सदंेश िै ।  

गरुमधत साहित्य में कबीर : योगदान एवं प्रयोजन  

 'आहदग्रिं' में ससख परम्परा के बािर के सजन सतं कहवयों को जगि हमिंी िै, उनमें कबीर जी की हवशेर् स्थिधत दो कारणों 

से िै । प्रिम तो यि हक हवशभन्न रोगों के अंतगषत गुरु-बाहनयों के ठीक बाद प्राय: कबीर की बाहनयों को रखा गया िै । ऐसा 'सिंोकों' 

के अंतगषत भी देखा जा सकता िै । दसूरा यि हक हवशभन्न गैर ससख संतों में कबीर की रर्नाएाँ  सवाषधधक िैं ।  

 'आहदग्रिं' में सत्रि हवशभन्न रागों-ससरी राग, आसा, सूिी धतिंंग, हबिंाविं, मारु, केदारा, भैरो, बसंत, सारगं, सोरठ, 

गउडी, धनाश्री तिा परभाती के अंतगषत कबीरदास के तीन िंम्बे पदों- बावन अखरी, शिचत और वार सत सहित कुिं 228 पदों 

के साि 243 िोकों को संकलिंत हकया गया िै । यहद शेर् अन्य गैर ससख संतों की रर्नाओं को हमिंा भी दें, तब भी कबीरदास 

की संकलिंत रर्नाओं की संख्या उनसे अधधक िै । िािंांहक कबीरदास की समथत रर्नाओं को 'आहदग्रिं' में जगि निीं हमिंी िै।  

कबीर के अध्ययन में आहदग्रिं का मित्व  

 कबीर के अध्ययन के सदंभष में 'आहदग्रिं' के मित्व को दो थतरों पर रखेांहकत हकया जा सकता िै । प्रिम थतर कबीर की 

रर्नाओं के प्रामाशणक पाठ से सम्बर्द् िै । िािं िी में प्राप्त 582 ई. की 'र्तेिपुर पाडुंलिंहप (पद सूरदास जी का), सजसमें कबीर के 

मात्र पंरि पद संकलिंत िैं, को छोड़कर 'आहदग्रिं' उनकी कहवताई का सम्भवतः एकमात्र प्रार्ीनतम संकिंन िै सजसकी पुरानी और 

ज्ञात धतशियों वािंी पाडुंलिंहपयााँ भी उपिंब्ध िैं । कबीरदास की परम्परागत हनधन धतशि 1518 ई. के सौ वर्ों के भीतर संकलिंत 

िोने के कारण 'आहदग्रिं' (1604 ई. संकिंन कािं) में संग्रहित उनकी रर्नाओं की प्रामाशणकता अन्य परवती स्रोतों की अपेक्षा 

हनर्पववाद िै । पर जैसा हक िम देख र्ुके िैं, 'आहदग्रिं' के संकिंन के पीछे भी एक दीघषकािंीन प्रहक्या रिी िै । तब एक थवाभाहवक 

प्रश्न यि उठता िै हक ससख साहिस्त्यक परम्परा में कबीर को कब समाहित हकया गया?  

 एक मान्यता के अनुसार कबीर की रर्नाओं को थवयं गुरु नानकदेव ने ससख परम्परा में अंगीकृत हकया । साक्ष्य थवरूप 

बताया जाता िै हक परवती 'जनम सालखयों के अनसुार नानकदवे कबीर से हमिं र्ुके िे तिा उनके प्रधत श्रर्द्ा भी रखते िे । दसूर,े 

उनकी कहवताई के थवरूप एवं वैर्ाररक साम्य को भी इस संदभष में रखेांहकत हकया जाता िै, जैसे हक गुरु के मित्व को दोनों इस 

प्रकार व्यि करते िैं :-  

किु नानक हनसर्ौ धधयावै । 

                            हबन ुसधतगरु बाट न पावै ॥              - नानक देव 
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हबन ुसधतगरु बाट न पाई । 

कछु कबीर समझाई ॥  

- कबीर 

 हकतु ऐधतिाससक तथ्यों के आधार पर कबीर और गुरुनानक का हमिंना असंगत प्रतीत िोता िै । दसूर ेयि हक अपनी 

बाहनयों में नानकदेव ने शेख र्रीद की तरि कबीर का नामोल्लेख भी निीं हकया िै । 'आहदग्रंि' में कबीर का प्रिम बार उल्लेख एवं 

उन पर हटप्पणी करने वािें ससख गुरु अमरदास िे 'नामा छीबा कबीरू जोिंािा पूर ेगर ते गधत पाई । तीसर ेयि हक ससख साहित्य 

परम्परा में 'गोयंदवािं पोिी' में िी, सजसका हनमाषण गुरु अमरदास के समय िुआ, सवषप्रिम कबीर की रर्नाओं को संकलिंत हकए 

जाने के संकेत हमिंते िैं । इस आधार पर कुछ िंोगों का मानना िै हक ससख साहित्य परम्परा में कबीर को तीसर ेगुरु अमरदास के 

समय िी जगि हमिंी िोगी ।  

 जो भी िो, कबीर की रर्नाओं के हवशभन्न स्रोतों- बीजक, सवाहंगयों, पंर्वाहनयों आहद के मद्देनजर यि थपि िो जाता िै 

हक कबीर की सभी रर्नाओं को 'आहदग्रिं' में जगि निीं हमिंी िै । गैर ससख परम्पराओं को यहद छोड़ भी दें तो थवयं 'गोयदंवािं 

पोिी' में संकलिंत कुछ कबीर- बाहनयों को भी 'ग्रिं' के संकिंनकत्ताष ने छोड़ हदया िै । इसके अधतररि 'करतार पुर वािंी बीड़ में 

भी कबीर के र्ार पदों को हमटाए जाने के साक्ष्य हमिंते िैं । अन्य संकिंनों, यिा 'कबीर ग्रंिाविंी' तिा 'बीजक', सजनके आधार- 

स्रोत क्मशः दादपंूिी और कबीर पंिी पांडुलिंहपयााँ िैं- से तिुंना करने पर उनमें तिा 'आहदग्रिं' में संकलिंत कबीर की रर्नाओं 

में भेद और साम्य को बखूबी समझा जा सकता िै । जाहिर िै हक 'ग्रंि' के संकिंन के दौरान र्यन की कुछ दृहियााँ कायषरत िीं ।  

आहदग्रिं में कबीर वाणी के संकिंन की प्रयोजनीयता  

 'आहदग्रिं' के सदंभष में एक प्रश्न अनायास िी उठता िै हक जब यि ससख मत का अधधकाररक धमषग्रंि िै तो कबीरदास 

सरीखे गैर ससख संत को इसमें समाहित करने के पीछे संकिंनकत्ताष के कौन-से उद्दकेय ि?े आधुहनक यगु में इसके हनहितािों को 

समझने का प्रयत्न कई अध्यतेाओं ने हकया िै ।  

 एक मान्यता के अनुसार 'आहदग्रंि' में कबीर वाणी के संकिंन का आधार कबीर तिा ससख गुरुओं के हवर्ारों, ससर्द्ांतों 

और शशक्षाओं में समानता िै, जैसे- सावषभौहमक-सावषकालिंक हनगुषण हनराकार िह्म की अवधारणा, जाधत-सम्प्रदाय हवरोध, वैयहिक 

रिथयवादी साधना, सतगुरु में आथिा इत्याहद, सजससे ससख परम्परा की मानससकता एवं उसकी उत्प्रेरणाओं को बिं हमिंता िै । 

ऐसा अनुमान हकया जाता िै हक सम्भवतः इसी कारण कबीरदास की र्यहनत रर्नाओं को िी 'ग्रिं' में जगि हमिंी, सजससे उनके 

िवािें से ससख मत के ससर्द्ातंों को पुहि एवं प्रामाशणकता हमिं सके ।  

 'आहदग्रिं', 'अकािं परुख' की अवधारणा प्रधतपाहदत करता िै तिा 'सधतनाम सुहमरन' इसकी उपासना के कें र में िै । 

ईश्वरीय 'नाम' के सुहमरन का मित्व कबीरदास के यिााँ भी िै । 'नाम जप' की महिमा बखानते िुए गुरु अजुषनदेव कबीर सहित कई 

अन्य संत आत्माओं का उल्लखे करते िैं, जो नाम सुहमरन के माध्यम से 'उर्द्ार' पा गएः  

सशुण सखी मन जहप हपआर । उधररया कहि एक बार । 

कबीर धधआइओ एक रगं । नामदेव िरर जीउ बसहि संग । 

रहवदास धधआए प्रभ अनपू । गरुु नानक देव गोहवद रूप ॥ 

 ससख मत तिा कबीर दोनों ने िह्म के हवशभन्न नामों-राम, िरर गोहवद, हनरजंन, अल्लाि, खदुा, रिीम आहद की मित्ता बताई 

िै, सजनके सुहमरन से 'सिज' िी साधना की जा सकती िै । जाहिर िै हक उपासना-पर्द्धत के आिंोक में कबीर ससख ससर्द्ांतों के 

हनकट हदखाई देते िैं ।  
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 वैर्ाररक धरातिं पर साम्य का दसूरा थतर जाधत, धमष, सम्प्रदाय के आधार पर मानवता मात्र के हवभाजनों को नकारने में 

िै । नानकदवे किते िैं हक ईश्वर के िार पर जाधत निीं पूछी जाती : 'जाणिु जोधत न पूछिु जाती आगे जाधत न िे' तो कबीर के 

अनुसार सार ेजीवों की उत्पलत्त 'िह्म-हबद'ु से िोती िै, इसलिंए जन्म-कुिं अप्रासंहगक िै :  

गरभ वास महि कुिं ुनिीं जाती । िह्म हबद ुते सभ उतपाती ॥ 

किु र ेपंधडत बामन कबके िुए । बामन कहि कहि जनम ुमत खोए ।। 

जौ तूं िाह्मण ुिह्मणी जाइआ तउ आन बाट कािे निीं आइआ ।। 

तमु कत िाह्मण िम कत सदू। िम कत िंोिू तमु कत दधू ।। 

किु कबीर जो िह्मम ुबीर्ार ै। सो िाह्मण ुकहिअत ुि ैिमार ै।। 

 इसी तरि वेद- कुरान के नकार, सतगुरु महिमा, वैयहिक रिथयवाद इत्याहद के संदभष में भी हवर्ारगत साम्य को रखेांहकत 

हकया जा सकता िै । उल्लेखनीय िै हक कबीर सरीखे कई अन्य गैर ससख संतों की बाहनयों के संकिंन के बावजूद संकिंनकत्ताष न े

'आहदग्रिं' की मिूं हवर्य-वथत ुकी हनरतंरता का हनवाषि करते िुए सैर्द्ांधतक सामंजथय बनाए रखने में सर्िंता पाई िै ।  

आहदग्रिं में संकलिंत कबीर वाणी : हवर्य-वथत ुऔर दशषन  

 कबीर वाणी में कुछ इस प्रकार की अंतवषथतु और दशषन हदखाय ेदेते िैं । यिााँ िमारा मूिं सरोकार 'आहदग्रिं' में संकलिंत 

कबीर की रर्नाओं से िै । हनगुषणवादी वैर्ाररक हवशशिताओ ंको धारण करते िुए भी कबीर की मौलिंकता इसमें िै हक उन्िोंने अपन े

व्यहित्व एवं अनुभतू सत्य के आिंोक में अपने ससर्द्ांतों को दृढ़तापूवषक अशभव्यहि दी िै । उनके यिााँ अशभज्ञानात्मक अनुभधूत का 

क्षण अर्ानक आता िै- 

कबीर सधतगरु सरूमे बाहिआ बान ुज ुएकु । 

िंागत िी भइु हगरर पररआ परा करजेे छेकु । 

 सतगुरु की कृपा िुई, उसने 'शबद-बाण' मारा और साधक का किेंजा हबध गया । इस अनभूुधत के साि िी सब कुछ 

बदिं गया । सजस पर यि अनुकम्पा निीं िोती, उसका जीवन व्यिष र्िंा जाता िै: 'बारि बरस तो बािंपन में बीत जाते िैं, बीस-

तीस की अवथिा तक न तप िोता िै, न पूजा। जब वृर्द् िुए तब पछताने के ससवा बर्ता क्या िै? मेरा-मेरा किते जीवन गुजर जाता 

िै और अंततः सारी शहि र्ूक जाती िै । यि 'मेरा-मेरा' माया का वशीकरण िै, सजसकी 'टाटी' 'ज्ञान की आाँधी' से उड़ती िै और 

तब आध्यास्त्मक जागरण का क्षण आता िै, जो जीव को बंधन मुि करता िै ।  

 कबीर का िह्म सावषभौहमक सबके हृदय का वासी िै । इसलिंए उसकी खोज अंततः अपने भीतर िोनी र्ाहिए, जो शरु्द् 

अंतःकरण से िी सम्भव िै । कबीर ने उसे बार-बार खोजा और पाया िै: आत्मानुभूधत प्राप्त की िै । जब िह्म अंतःवासी िै तो उस े

बािर कैसे पा सकते िैं? जो ईश्वर को मंहदर-मस्थजद में देखते  िैं । यहद वि मंहदर-मस्थजद में िी रिता िै तो शेर् जगि हकसकी िै-  

अिंिु एकु मसीधत बसत ुि ैअवरु मिुंख ुहकस ुकेरा । 

हिद ूमरूधत नाम हनवासी दिुु महि तत ुन िेरा ।। 

 कबीर के अनुसार मानव-मानव के बीर् सारे कृहत्रम हवभेद हनःसार िैं । िरके प्राणी उसी 'एक' की कृधत िै, उसी की छहव 

िै । अतः सभी समान िैं । ईश्वर ने सबसे पििें ज्योधत उत्पन्न की और सारी प्रकृधत उसी से व्यतु्पन्न िै । जब सार ेमनुष्य प्रकृधत के 

िी अंग िैं तो उनमें बड़े-छोटे, अच्छे-बुर ेका भेद कैसा -  

अवलिं अिंि नरुू उपाइआ कुदरधत के सभ बदें । 

एक नरू ते सभ ुजगु उपसजआ कउन भिें को मंदे ।। 
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 हमट्टी तो एक िी िै, पर ससरजनिार ने अनेक प्रकार के रूपाकार देकर सृहि की । इसमें न तो हमट्टी के बतषन का दोर् िै और 

न सजषक का । सृिा का सत्त्व तो सबमें बराबर मौजूद िै ।  

आहदग्रिं में गरै ससख संत कहवयों का योगदान  

 एक धमषग्रिं से ऊपर उठकर यहद देखें तब 'आहदग्रंि' सिी मायनों में 'अनेकता में एकता' का प्रतीक िै जो क्षेत्र, जाधत, 

व्यवसाय और साम्प्रदाधयक आग्रिों से मिु एक खिेुंपन का सदंेश देता िै । 'आहदग्रिं' के समावेशी आदशष को दो थतरों पर थपि 

रूप से मिसूस हकया जा सकता िै- संकलिंत संतो की पिर्ानगत हवहवधता तिा भार्ायी हवशशिता ।  

 अपने एक पद में गुरु अजुषनदवे संत प्रवृलत्त के हवशभन्न िंोगों का थमरण पूरी श्रर्द्ा के साि करते िैं :-  

सशुण साखी मन जहप हपआर, अजागिं उधररया कहि एक बार। 

धनै सेहवआ बािंबधुध, हत्रिंोर्न गरु हमलिं भई ससधध । 

जदेैव धतआहगओ अंिमेव, नाई उधाररओ सनै ुसेव । 

कबीरर धधआइओ एक रगं, नामदेव िरर जीउ बसहि संहग। 

रहवदास धधयाए प्रभ अनपू, गरु नानक देव गोहवद रूप ॥ 

 'आहदग्रिं' में संकलिंत गैर ससख संत कहवयों का संधक्षप्त पररर्य इसप्रकार िै-  

 संत कहव  - आहदग्रिं में संकलिंत पद 

 जयदेव  - 2 पद 

 शेख र्रीद - 4 पद 112 िोक 

 हत्रिंोर्न  - 4 पद 

 बेनी  - 3 पद 

 नामदेव  - 61 पद, 2 िोक 

 रामानदं  - 1 पद 

 कबीर  - 228 पद, 243 िोक 

 रदैास   - 40 पद 

 सेन  - 1 पद 

 पीपा  - 1 पद 

 धन्ना  - 3 पद 

 भीखन   - 2 पद 

 मीराबाई  - 1 पद 

 सूरदास   - 1 पंहि 

 परमानदं  - 1 पद 

 ऐसा माना जाता िै हक ये सतं व्यापक थतर पर भ्रमण करते िे, इसलिंए इनकी भार्ा में हवशभन्न जनपदों के भार्ायी तत्व 

अनायास िी आते गए । इन संतो की बाहनयों के माध्यम से य ेतत्व आहदग्रिं में भी समाहित हकये गए । अत: गुरुमुखी लिंहप में 

संकलिंत िोने के बावजूद 'आहदग्रंि' की भार्ा, समावेशशता का आदशष प्रथततु करती िै, सजसमें पंजाबी, मराठी, गुजराती, पूवी भारत 

की बोलिंयों आहद से भी शब्द ग्रिण हकए गए िैं । इस प्रकार, मध्यकािंीन भहि आंदोिंन समथत मतातंरों के ऊपर मनुष्यता के 
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थतर पर हवशभन्न परपंराओ के बीर् सजस संवाद का प्रधतर्िं िा, उसी का पररणाम 'आहदग्रिं' में व्याप्त िै, जो भारतीय समाज के 

धार्पमक बिुिंतावाद का प्रमाण िै ।  
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21 वीं सदी के नए हवमशष में वरृ्द् हवमशष  
 

Dr. Rekha 
Department of Hindi 

Maharani Arts College For Women 
Dis: Mysuru State: Karnataka 
Ph: 6360997286: 9742962211 

 

21 वीं सदी के उपन्यास दपषण िै हवहवध आयाम का । प्रथततु सदी में समाज एवं पररवार में अनके हवमशों को धर्हत्रत हकया 

गया िै, जैस-े स्री हवमशष, वृर्द् हवमशष, बािं हवमशष, आहदवासी हवमशष, दलिंत हवमशष, हकन्नर हवमशष, बािं हवमशष तिा  अकपसखं्यक 

हवमशष आहद । प्रथततु आिेंख में वृर्द् हवमशष को आधार बनाया गया िै । साहित्य में विी धर्हत्रत िोता िै जो समाज में घहटत िो रिा 

िै । आज-किं वरृ्द्ाश्रमों की सखं्या में अत्यधधक वृधर्द् िो रिी िै । सजसका प्रमुख कारण आज की भागदौड़ भरी जीवन शिैंी तिा 

एक पीढ़ी के दसूरी पीढ़ी से हवर्ारों का तािंमेिं न बैठना िै । अधधकतर पररवार में वृर्द्ों की िािंत बिुत दयनीय िै । उनके पास 

यहद पैसे िैं तो िी उनको थिान, मान हमिंता िै, अन्यिा सतंान पर वि बोझ बन जाते िैं । आज की संतान पैसों से अमीर तिा 

प्रेम से गरीब िै । उनके पास अपने माता-हपता को देने के लिंये कुछ भी प्रम निीं िै । 21 वीं सदी के अनेक उपन्यसों में वृर्द्ों की 

दयनीय दशा का वणषन िै । सजसका वणषन अग्रलिंलखत उपन्यासों में देखने को हमिंता िै । 

’भगदड’ उपन्यास में मिावीर प्रसाद तिा उनकी पत्नी ने अपन ेबेटे को पढ़ाया लिंखाया। मगर बेटे को मुंबई के र्कर्ौंध 

ने अपनी ओर इस प्रकार आकर्पर्त कर लिंया हक वि मुंबई का िी बन कर रि गया । जब बेटे से हमिंने दंपधत बेटे के घर आते िैं  

तो उस समय पुत्र के घर में िी थवयं को मेिमान जैसा अनुभव करते िैं । अपने बेटे के घर दोनों पधत-पत्नी को अपनी बिू िारा वसैा 

थनेि निीं हमिंा जैसे आम पररवार में हमिंता िै जैसे- “दरवाजा बिू ने खोिंा िा । उन दोनों को देखकर एक मुथकुरािट हबखेरी 

उसने और हर्र सामान की ओर नजर घुमाई ।“1 पोती भी दादा-दादी को मेिमान नाम से संबोधधत करती । मिावीप्रसाद ने इसका 

अंदाजा िंगा लिंया हक उनका आना बिू श्वेता को अच्छा निीं िंगा िा । कृष्णा अपने माता-हपता से बिुत प्रेम करता  िा । हकतु 

उसके एक गिंत हनणषय के कारण उसे जीवनभर पछताने के अिंावा और कोई राथता निीं िा । जैसे िी श्वेता को पता र्िंता िै हक 

ससुर को कैं सर िोने की आशंका िै वि मौन िो जाती िै । इधर श्वेता सामने के कमर ेमें आई और उसने एक झटके में िर्ाष को उठा 

लिंया । कृष्णा की मााँ से उसका यि व्यविार शछपा निीं रिा । बाबूजी भी हवर्लिंत िुए ।”2 कृष्णा की मााँ के लिंए उनके घर में 

मौजूद कुछ र्ीजें नई िी । उसी वि वि अपना कुतुििं का समाधान करने के लिंए उसका दाम पूछ िेंती िै । श्वेता हिज िेंन ेकी 

इच्छा प्रकट करते िुए किती िै- “नौ िजार में तुरतं रकम बताकर श्वेता अर्कर्ायी । हर्र संवारते बोिंी अगिंी बार के रे्स्थटविं 

एडवांस में कुछ रकम जोड़कर िें िंूंगी ।”3 जब कृष्णा की मााँ ने अपने मन की बात किी हक अपने पधत से बात करके पैसों की 

व्यवथिा करगेी, क्योंहक पैसों स ेभी अधधक मित्व पररवार का सुख िै तो “श्वेता पिंटकर बोिंी निीं... निीं... रिने दीसजए । हकसी 

तरि िम कर िंेंगे । श्वेता का यि वाक्य हर्र पराये पन की तोप दाग गया । टुकड़े-टुकड़े िो गई कृष्णा की मााँ हर्र शांत और गुमसुम 

।“4 मिावीर प्रसाद यि सब अनुभव कर रिे िे हकतु वे मौन ि े। उन्िोंने बेटे की सारी मनोदशा को आंका िा । हकतु श्वेता पैस ेएवं 

अपनी सुख-सुहवधा के पीछे भाग रिी िी । अपनी मााँ की सिंाि के अनुसार उसने दोनों को घर का काम करवाने के उर्द्ेकय से 

मुंबई रिने के लिंए बुिंाया िा मिवीर प्रसाद की पत्नी नौकरानी की तरि घर का सारा काम करने िंगी िी । “मिावीर प्रसाद की 

नजर जौिरी की तरि िी । वि आदमी को देखते िी उसके हदमाग का िािंर्ािं नाप सकते िे ।“5 श्वेता की मााँ का भी सर् उनके 
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सामने आया । उनको पता र्िंा हक उन्िें विााँ पर बुिंाने का कारण थनेि या प्रेम निीं बस्कक पैसा िा । अपनी पत्नी को घर का 

सारा काम करती देख दःुखी िोकर उन्िोंने वापस जाने का हनणषय लिंया । “मिावीर प्रसाद को अप्रत्यक्षतः यि समझते देर निीं िंगी 

हक उन्िें क्यों इतनी आत्मीयता से बुिंाया गया िै । इस सासजश से उन्िें धर्ढ़ िुई । कृष्णा को भी शायद यि पता निीं िोगा ।”6 िर 

बिू को अपनी सास-ससुर प्यार ेनिीं िोते हकतु वि सदैव यि कामना अवकय करती िै हक उसके माता-हपता को खशु रखने वािंी 

िंड़की भाई की दकुिन बन े। 

’कुइयााँजान’ उपन्यास में वृर्द् हवमशष अनेक थिान पर धर्हत्रत िै जैसे उपन्यास का एक पात्र िै शकरआरा । वि पढ़ी-

लिंखी िोने के बावजूद भी अपनी सास को निीं समझ पाई । जमािं खा की मााँ एक सरिं व्यहित्ववािंी महििंा िी । उसने अपनी 

बिू को गिंत निीं किा, सदैव पररस्थिधत के अनरुूप थवयं को बदिंती आई और पररवार में कभी बेटे और बिू को अिंग करन ेका 

प्रयास निीं हकया । “शकरआरा की अपनी सास से निीं पटी िी । ऐसा कोई हदन निीं िा जब सास-बिू में तकरार न िोती िो । 

मााँ के खत आने पर भी हमयााँ- बीबी में तकखी िो जाती िी ।“7 जमािं खााँ को अपनी मााँ के लिंए बिुत बुरा िंगता । हकतु वि शांत 

इसलिंए रिते क्योंहक उनकी मााँ ने उनसे यि वर्न लिंया िा की पररवार में बच्चों के लिंए जमािं खां अपनी पत्नी को कभी निीं 

छोड़ेगा । वि िमेशा अतीत में मााँ के वादे याद करते । “अम्मा की खामोशी हदन-ब-हदन गिरी िोती र्िंी गई । यिां तक हक बच्चों 

को उनके पास जाने की मनािी पर भी उन्िोंने जबान निीं खोिंी । वि शकरआरा को खिुंा मदैान देकर एक हकनार ेिट गई िी हक 

खेिंो, जी भरकर खिेंो । मझुे अपने बेटे की गृिथिी निीं उजाड़नी ।”8 बेटे से मााँ को अपनी बीबी को तिंाक दनेे की बात सनुकर 

वि वृर्द् महििंा अपने सार ेददष छुपाकर बेटे के सामने खशु रिन ेका नाटक करती िै । शादी के बिाने जो वि एक बार गााँव गई तो 

वाहपस कभी निीं आयी । उसकी अंधतम इच्छा िी हक उसे गााँव में िी दर्नाया जाए । 

इसी उपन्यास में बिू िारा अपन ेससुर पर हकए जाने वािें शोर्ण का वणषन िै । बिू से बेटा अपने हपता के खान-पान की 

व्यवथिा करने को किकर खदु काम पर र्िंा जाता, उसे िंगता हक पत्नी हपता का अच्छे स ेखयािं रखती िै । मगर एक हदन 

डॉक्टर के किने पर हक खाने की कमी के कारण हपता मर भी सकते िैं । उसने खदु पता िंगाना र्ािा हक आलखर ऐसा क्यों   िुआ 

। बिू अपने ससुर स ेकिती िै - “अर ेकउन-सा रोग िंग गवा िै जो डॉक्टर की र्ीस मा पसैा बिाया रिा िै बूढ़ा, अब कित िै 

बासी न खाबे, डॉक्टर मना हकए िै । तो रिो भूखा िमार का जात िै ।”9 उस वृर्द् को बिू बासी रोटी लखिंाती और खदु ताजा 

आिार खाती । सच्चाई से अवगत िोकर बेटा गुथसे से खौिं उठाता िै । थवयं जाकर गरम दधू का कुकिड़ हपता के िाि में िमात ेिुए 

बोिंा “ग्वािें को किं से दधू िंाने के लिंए मना कर देना, हपताजी खदु जाकर दधू पी िंेंगे । हिसाब मिीने-मिीने मैं करंूगा और 

अगर तुम्िें ताजी रोटी डािंने में आिंकस िोती िै तो उसका भी बंदोबथत िो जाएगा ।”10 औरत का रे्िरा अपमान से िंलज्जत िो 

गया । क्योंहक उसकी करनी अब पधत के सामने िी और अपने बर्ाव के लिंए उसके पास शब्द निीं िे । उसकी आंखों में पश्चाताप 

का पानी िा । “वि बुरी औरत निीं िी, मगर सजस समाज में बूढ़े बोझ समझे जाने िंगे िों, उन्िें बेकार की वथतु समझकर एक 

हकनार ेडािंने का र्िंन बढ़ रिो िो, विााँ पर यि औरत सबसे अिंग क्यों व्यविार करगेी?”11 

’हगलिंगडु’ उपन्यास में दो वृर्द् बाबू जसवंत जसि और कनषिं थवामी का वणषन हमिंता िै । दोनों हवदरु िे पत्नी की देिातं 

ने उन्िें भीतर से अकेिंा कर हदया िा । जसवतं जसि अपने गांव में िी भिें र्ंगे िे । पत्नी के मरणोपरांत वि पररवार वािें एवं 

समाज वािंों की सिंाि के कारण अपने बेटे के पास हदल्ली आन ेके लिंए मजबूर िो जाते िैं । बिू सुनयना को बाबू जसवंत जसि का 

घर आना उतना अच्छा निीं िंगा िा । बाबू जसवतं जसि का मानना िा हक बिू को सजतना खयािं पिंतू कुत्ता टॉमी का िै, उसमें 

िोड़ा भी अपने ससुर के लिंए निीं िै । जब कभी वे समार्ार िंगाते तो टॉमी की गुराषिट बढ़ती जाती । “बिू सुनयना को टॉमी की 

नाराजगी बरदाकत न िोती । दखिं देती िुई उन्िें टोकती- कोई म्यूसजक रै्निं िंगा दीसजए न बाबूजी । आज तक का क्या िै, 
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र्ौबीसों घंटे र्िंता िी रिता िै ।”12 बाबू जसवंत जसि को अपने बेटे के घर में इतना भी थवतंत्रता निीं िी हक उनकी सिायता 

करने वािें व्यहि को अपने घर र्ाय पर बुिंा सके । “कानपुर से हदल्ली आए िुए उन्िें अरसा िो गया िा। घर की र्ौखट में दालखिं 

िोते िी वे थवयं को अपररधर्तों की भांधत प्रवशे करता िुआ अनभुव करते िैं ।”13 जसवतं जसि को बवासीर की बीमारी िी । वे उसी 

कारण ज्यादा परशेान रिते िे । जब उनकी पत्नी सजन्दा िी तब नौकरानी सनुगुहनया उनका अच्छे से खयािं रखा करती, हकतु इस े

िी आशंका की दृहि से देखा गया । उनके और नौकरानी के बीर् अनैधतक संबंध की भी कड़ी को जोड़ा गया । मगर वे सनुगुहनया को 

बेटी की तरि मानते िे । उनकी अपनी एक आिार पर्द्धत िी । सुबि के समय नींबू वािंी र्ाय और दोपिर को दलिंया खाना पसंद 

िा उन्िें । जब तक अपने गााँव में रिे तब तक सुनगुहनया ने उनके आिार पर्द्धत को वसैे िी बरकरार रखा िा । जब वि अपने बेटे 

के घर आये तब बिू िारा कोई न कोई बिाना बनाकर आिार पर्द्धत को टािं हदया गया । “हदल्ली आने के िफ्ते भर बाद बाबू जसवंत 

जसि को िंगा िा हक उन्िें नरने्र से अपनी आपलत्त प्रकट कर देनी र्ाहिए । खाने में कुछ भी खाना उनके लिंए संभव निीं िा । 

िीज में रखा बासी-कूसी उसकी अम्मा ने कभी कुछ उन्िें निीं लखिंाया, सो पेट को उसकी आदत निीं ।”14 इस बात पर हबगड़ े

नरने्र ने अपने हपता को िंंबा-र्ौड़ा भार्ण देते िुए किा “आइंदा वे अपनी पसदं की गंुजाइश इस घर में न ढूाँढे तो बेितर िै ।”15 

इससे वे भीतर तक आित िो गए िे । उनके साि एक घटना ऐसी घटी सजसके बारे में उन्िोंने कभी सोर्ा न िा । बवासीर के कारण 

उन्िें अपने पाइजामा में खून के धब्बे हदखे, सजसे वे ठीक कर रिे िे, और सामने वािंी लखड़की से पड़ोसन ने देखकर गिंत मतिंब 

हनकािंा । इस पर घर आकर पड़ोसन िारा आरोप िंगाने पर “बिू सुनयना अपने हपता से इतनी कठोर िो सकती िी! संवाद के 

लिंए कोई गंुजाइश निीं सीधे-रै्सिंा? घूमते ससर को तहकए में गड़ा बच्चों-से रू्ट-रू्टकर रो पड़े । हिर्हकयों से िंोिे का पिंंग 

िराषने िंगा ।“16 उस थिान पर सुनयना के हपता िोते तो उनके लिंए पुरी दहुनया से िंड़ जाती वि । हकतु एक बार भी उस ससुर 

से यि निीं पूछा गया हक यििष क्या िै? क्यों यि आरोप उन पर आया? वरृ्द् के बर्ाव में न िी बिू ने कुछ किा और न िी बेटे ने 

। दोनों ने एक अंजान व्यहि की उहि को सत्य ससर्द् करके वृर्द् पर िी कटु वाणी का प्रिार करते रिें । उनके दृहि में बाबू जसवंत 

जसि घर में कूड़े की तरि ि,े सजसे िमेशा घर एक कोने में पडा रिना र्ाहिए । वे ससर्ष  पैसों के भूखे िे । मानवीयता उनमें िी निीं 

। उतने बडे घर में हपता को रिन ेके लिंए एक कमरा तक निीं िा, उन्िे िािं में िी सोना पडता हकतु बच्चों के सामान रखने के लिंए 

एक अिंग कमर ेकी व्यवथिा घर में िी । ऐसे में बवासीर से पीधडत व्यहि क्या करता किााँ अपने पाइजामे के खून के धब्बे को सार् 

करता? दोनो सुशशधक्षत तो िे हकतु सोर्ने की क्षमता दोनों में निीं िी । पोते भी बाबू जसवंत जसि से नजदीकी निीं बढा सके । 

उनके लिंए वि अपने हपता के हपता िे अधतररि इसके और कुछ निीं । यि दाईत्व माता-हपता का िोता िै हक अपन ेबच्चों को 

दादा-दादी के संबंध से पररधर्त कराए । यिााँ ध्यान देने योग्य बात यि िै की संबंध में केविं दादा- दादी को िी पराए िोने का 

आभास िोता िै । नाना-नानी को िमेशा अपने पोता-पोती का प्यार पूणष रूप से हमिंता िै । िर एक बिू का कतषव्य िै हक उस े

सास-ससुर को माता हपता का थिान भिें िी न दे हकतु मानवीय मूकयों को कभी भिुंना निी र्ाहिए। 

उसी प्रकार कनषिं थवामी का भी पररवार िा हर्र भी बिुत सािंों से अकेिें रिते िे । परतंु कभी अपना दःुख दसूरों के 

सामने न बताते । ऐसे में कनषिं की दोथती बाबू जसवंत जसि से िोती िै । “कनषिं थवामी ने उन्िें अपने भरे-पूर ेपररवार से पररधर्त 

कराया िा, पत्नी निीं िै । तीन बेटे िै, तीन बिुएाँ  िैं ।”17 दोथतों के सामने अपने आपको ससंार का सुखी व्यहि के रूप में हदखाने 

वािें कनषिं थवामी केविं भ्रम में जीवन जी रिे िे । भर-ेपूर ेपररवार के िोते िुए भी उनके लिंए कोई निीं िा हनतातं एकातं के 

अिंावा । अपने दोथतों से अपनी बिुओं के तारीर् करते पोधतयों का उल्लेख करते । हकस प्रकार पोधतयााँ उनके साि खिेंती िैं 

इसका वणषन करते । जो भी उनसे हमिंता यि सोर्ता हक कनषिं थवामी तो भाग्यशािंी िै, सजसे एक संपन्न पररवार में रिने का भाग्य 

प्राप्त िै । हकतु सत्य इससे हवपरीत िा । अपनी संपलत्त न दनेे के लिंए उन्िें बच्चों से मार खाकर िंिूिंुिान भी िोना पड़ा िा । बेटों 
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को हपता की संपलत्त में हिथसा र्ाहिए िा सजसे पा कर वि अपनी अिंग दहुनया बसाना र्ािते िे, हकतु उस अिंग दहुनया में दरू-

दरू तक हपता के लिंए कोई थिान निीं िा । उनके जीवन में बिुत दःुख िा, हकतु िमेशा मुख पर िर्ष की भावना रखने वािें कनषिं 

थवामी दसूरों के लिंए प्रेरणा का स्रोत बनते । अकेिें रिते, अकेिें जीवन व्यतीत करते और एक हदन हृदयाघात के कारण वि दहुनया 

के झंजट से मुहि तो पा िेंते िैं, परतंु आत्मा को मुहि देने के लिंए उनकी संतान सिी समय पर निीं पिुाँर् पाती । उनके पडोससयों 

से कनषिं थवामी की किानी जानकर बाबू जसवतं जसि को तीव्र आघात िोता िै, साि िी उनकी संतानों पर क्ोध प्रकट करते िुए 

वि किते िैं- ‘‘ऐसी औिंादों से तो हनपूत भिंा ।”18 

यि केविं उपन्यास में आने वािें पात्र निीं िै । यि पात्र िमार ेसमाज में िमार ेघर में भी उपस्थित िै । बेटे के शादी के 

बाद पररवार में बिुत कुछ बदिं जाता िै । हकतु उस बदिंाव में माता-हपता को कभी अनदेखा कर हदया जा रिा िै । उन्िें हनरपयिु 

वथतु के रूप में देखा जाता िै । एक घर सजसे अपने खून पसीने से बनाकर अपनी पूरी उम्र हबता देते िैं, बच्चों की खूशी के लिंए पूरा 

जीवन संघर्ष करते िैं, हर्र एक हदन अपने िी घर में पराए िोने का अनुभव करते िैं । आजकिं शीघ्रता से वृर्द्ाश्रम में बढोतरी िो 

रिी िै । जब संतान मासूम िोती िै तब माता-हपता सतंान की िर गिंती को क्षमा कर देते िैं । परतंु संतान वृर्द् माता-हपता की 

छोटी सी गिंती पर उन्िे घर से िी बािर हनकािं देती िैं । 21 वीं सदी के अनेक उपन्यास िै सजसमें वृर्द्ों की दयनीय स्थिधत का 

धर्त्रण हकया गया िै । यहद िर संतान अपने दाधयत्व के प्रधत समर्पपत िो तिा वृर्द् माता-हपता के प्रधत सम्मान का भाव रखकर 

उनकी देखभािं करें करें तो संसार में सभी पररवार सुख, समृधर्द् से पूणष िो जाए तिा कोई वृर्द्ाश्रम न बनें और वृर्द्ाश्रम बन ेतो 

केविं उनके लिंए िी सीहमत िो जो वृर्द् अकेिें िैं अिवा सजनका इस ससंार में कोई कोई निीं िै । उपरोि आिेंख िारा वृर्द्ों के 

कठोर जीवन एवं पररवार एवं समाज में उनकी दयनीय स्थिधत को साहित्य के माध्यम से उजागर हकया गया िै । 
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किानी ‘उसने किा िा’ में कशित प्रमे तत्त्व की संहदग्धता 
 

डॉ. सम्राट् सधुा 

बी. एस. एम. पी. जी. कॉिेंज, रुड़की, हपन –247667, उत्तराखंड 

मोबाइिं नंबर : 9412956361 

ई-मेिं : samratsudha66@gmail.com 

 

शोध साराशं : 

र्न्रधर शमाष गुिेंरी की किानी ‘उसने किा िा’ को प्रेमकिा किना उधर्त निीं िै । वथतुतः ‘उसने किा िा’ मात्र नायक 

िंिनाजसि के बर्पन में सम्पकष  में आयी और जवानी में अनायास रूप से हमिंी सूबेदारनी के प्रधत एकपक्षीय ‘प्रेम’ की किानी िै, 

सजसे इस किा के संबंध में तार्पकक हविेर्ण से सिज िी समझा जा सकता िै ।  

र्न्रधर शमाष गुिेंरी की किानी ‘उसने किा िा’ को हिन्दी प्रेमकिाओं में एक अनुपम प्रेमकिा की मान्यता हमिंी िै । वर्ष 

1915 में ‘सरथवती’ के जूनांक में प्रकाशशत यि किानी उस समय अपने कथ्य और शशकप की दृहि से अशभनव मानी गयी िी, यद्यहप 

बंगिंा किा-साहित्य में ऐसी किावथतुएाँ  तब तक पयाषप्त र्र्तर्त िो र्ुकी िीं । 

हवर्ारणीय बात यि िै हक ‘उसने किा िा’ क्या वाथतव में प्रेम की एक अमर किा िै या यि िंिनाजसि के एकतरर्ा सच्च े

प्यार और सूबेदारनी िारा उसे ‘कैश’ करने की दःुखद किा मात्र िै! कथ्य और शशकप की दृहि से ‘उसने किा िा’ हकतनी सशि 

िै, इसे कधतप्रय अिंोर्कों के दृहिकोण से जान िेंना समीर्ीन िी िोगा । 

आर्ायष रामर्न्र शुक्ल ने ‘उसने किा िा’ के संदभष में लिंखा िै- ”संथकृत के प्रकाण्ड प्रधतभाशािंी हविान् हिन्दी के अनन्य 

आराधक श्री र्न्रधर शमाष गुिेंरी की अहितीय किानी ‘उसने किा िा’ सं. 1972 अिाषत् सन् 1915 की ‘सरथवती’ में छपी िी । 

इसमें पके्क यिािषवाद के बीर्, सुरुधर् की र्रम मयाषदा के भीतर, भावुकता का र्रम उत्कर्ष अत्यन्त हनपुणता के साि संपुहटत िै । 

घटना इसकी ऐसी िै, जैसी बराबर िुआ करती िै; पर उसके भीतर से प्रेम का एक थवगीय थवरूप झााँक रिा िै-केविं झााँक रिा िै, 

हनिंषज्जता के साि पुकार या कराि निीं रिा िै । किानी भर में किीं प्रेम की हनिंषज्ज प्रगकभता, वेदना की वीभत्स हवधधृत निीं िै । 

सुरुर् के सुकुमार से सुकुमार थवरूप पर किीं आघात निीं पिुाँर्ता । इसकी घटनाएाँ  िी बोिं रिी िैं, पात्रों के बोिंने की अपेक्षा निीं 

।”1 

सुशीिं कुमार रु्ल्ल ‘उसने किा िा’ सहित गुिेंरी जी की अन्य पााँर् किाहनयों पर हटप्पणी करते िुए लिंखते िैं-”गुिेंरी 

जी किानीकार निीं िे और न िी कहव, इस आशय का प्रत्यक्ष संकेत उनके (आत्मकथ्य) में हमिंता िै । आर्ायष शुक्ल ने ‘उसन े

किा िा’ को ‘अहितीय’ किकर परवती हविानों के लिंए एक िंीक बना दी, सजसे आज तक हनरन्तर दोिराया जाता रिा िै, परन्तु 

वाथतहवकता यि िै हक उनकी किाहनयााँ समग्र रूप से दखेे जाने पर कथ्य तिा किंात्मकता दोनों िी दृहियों से छोटी पड़ जाती  िैं 

। आिंोर्कों ने जो आदशष उनकी किाहनयों पर आरोहपत हकय ेिैं, किाहनयों का अविंोकन करते िी वे भुर-भुराकर हबखर जाते िैं 

। आिंोर्कों ने गुिेंरी जी की रर्नाओं को खूाँटी समझकर, अपनी मान्यताएाँ  टााँगकर, उन्िें अमर किानीकार घोहर्त कर हदया िै । 

व्यहि गुिेंरी को क्षणभर के लिंए भिुंाकर यहद उनकी किाहनयों का परीक्षण करें, तो रर्नात्मक कमजोररयााँ, अनावकयक िै- 

हवथतार, संयोजन की शशशििंता तिा रोमासं की िंिंक एवं मासंिं धर्त्रण का मोि एकाएक थपि िो उठता िै ।”3 
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बच्चनजसि इस किानी पर हटप्पणी करते िुए लिंखते िैं- ”वथतुतः यि किानी (उसने किा िा) सोमनाि के मस्न्दर की 

मूर्तत की तरि आकाश में िंटकी िुई प्रतीत िोती िै । यहद भावुकता का र्ुम्बक िटा लिंया जाए, तो मूर्तत धरती पर खण्ड-खण्ड िो 

जाएगी । समीक्षकों ने उसकी भावुकता को िी हवशरे्ता के रूप में ग्रिण कर लिंया, क्योंहक वे थवयं भावुक िे ।“4 

इस किानी के किेंवर पर हटप्पणी करते िुए नन्दिुंार ेवाजपेयी लिंखते िैं- ”गुिेंरी जी की ‘उसने किा िा’ किानी बिुत 

िंंबी िी िै अधधक थिान और समय घेरती िै और किानी के नवीन प्रधतमानों को दखेते िुए हवराट या मिाकाव्यात्मक किानी (एहपक 

थटोरी) किी जा सकती िै । िंम्बी किाहनयााँ प्रसादजी ने भी लिंखी िैं और प्रेमर्न्द जी ने भी । इन दोनों की किाहनयों में’ उसन े

किा िा’ की-सी बोसझिं हवशािंता निीं िै ।”5 

विीं जैनेन्र कुमार का यि किन रिव्य िै- “गुिेंरी जी हविंक्षण हविान् िे... गुिेंरी जी न केविं हविता में अपने समकािंीन 

साहित्यकारों से ऊाँ रे् ठिरते िैं, अहपतु एक दृहि से वि प्रेमर्न्द से भी ऊाँ रे् साहित्यकार िैं । प्रेमर्न्द ने समसामधयक स्थिधतयों का 

धर्त्रण तो बिुत बहढ़या हकया िै, पर व्यहि मानस के धर्तेर ेके रूप में गुिेंरी का जोड़ निीं िै । प्रेमर्न्द अपने साहित्य में सामासजक 

सम्बन्धों के धर्त्रण से आगे निीं बढ़े, जबहक गुिेंरी ने ‘उसने किा िा’ में िी मानवतावाद की आत्मा का थपशष कर लिंया िै ।”6 

प्रश्न ‘उसने किा िा’ के ‘प्रेममय’ किानक का िै । इस किानी में जब िंड़का (िंिनाजसि) और िंड़की (बाद में 

सूबेदारनी) हमिंते िैं, तो उनकी आय ुक्मशः बारि और आठ वर्ष िोती िै । किानी का यि अंश रिव्य िै-”िंिनाजसि बारि वर्ष 

का िै । अमृतसर में मामा के यिााँ आया िुआ िै । दिी वािें के यिााँ, सब्ज़ी वािें के यिााँ, िर किीं उसे आठ वर्ष की िंड़की हमिं 

जाती िै । जब वि पूछता िै हक तेरी कुड़माई िो गयी? तब ‘धत’् किकर वि भाग जाती िै । एक हदन उसने वैसे िी पूछा तो उसन े

किा-’िााँ, किं िो गयी । देखते निीं यि रशेम के रू्िंों वािंा शािं?ू’ सनुते िी िंिनाजसि को दःुख िुआ । क्ोध िुआ । क्यों 

िुआ?”  

ऊपर उर्द्तृ किा-संवाद से यि मान िेंना हक उस आठ सािं की िंड़की से बारि सािं के िंड़के िंिनाजसि को सर्मुर् 

‘गम्भीर प्रमे’ िो गया िा, भिंा हकतना उधर्त िै? किानी में आगे थवयं इसका उत्तर हमिंता िै-”पच्चीस वर्ष बीत गय े । अब 

िंिनाजसि नं. 77 राइर्कस में जमादार िो गया िै । उस आठ वर्ष की कन्या का ध्यान िी न रिा । न मािंूम वि कभी हमिंी िी या 

निीं ।” परन्तु पच्चीस वर्ष पश्चात् भी उस िंड़की (जो अब सबूेदारनी िै) की थमरणशहि की प्रशंसा करनी पड़ेगी हक अपन ेपधत 

(सूबदेार) के साि आये िंिनाजसि को वि तुरन्त पिर्ान िेंती िै; साि िी अपने पधत को उससे हमिंने की इच्छा भी जता दतेी 

िै- ”सूबेदार का गााँव राथते में पड़ता िा और सूबेदार उसे बिुत र्ािता िा । जब र्िंने िंगे, तब सूबेदार बेड़े में से हनकिंकर आया 

। बोिंा-िंिना, सूबेदारनी तुमको जानती िै । बुिंाती िै । जा हमिं आ ।” पच्चीस वर्ष बाद यूाँ अपने से र्ार बड़े िंिनाजसि को 

सूबेदारनी िारा पिर्ान िेंना अत्यन्त अथवाभाहवक िै, परन्तु उसके िारा िंिनाजसि को पच्चीस वर्ष पूवष का थमरण कराना नारी-

मनोहवज्ञान के एक और पक्ष को उद्घाहटत करता िै- 

“मुझे पिर्ाना?” 

“निीं।” 

“तेरी कुड़माई िो गयी?-धत्-किं िो गयी... देखते निीं रशेमी बूाँटों वािंा शािं-ू अमतृसर में ।” 

हवर्ारणीय बात यि िै हक पच्चीस वर्ष पश्चात् सूबेदारनी िंिनाजसि को पिर्ान तो भिंी-भााँधत िेंती िै, उसे थवयं को 

पिर्ानने के लिंए हनतान्त भावकुतापूणष सवंाद में शब्दशः थमरण भी करा देती िै, परन्तु वि न तो िंिनाजसि का औपर्ाररक 

कुशिंके्षम िी पूछती िै और न िी उसके पररवार आहद का िािंर्ािं! वाथतहवकता यि िै हक मनुष्य जब अपने हकसी बड़े थवािष को 

िेंकर दसूर ेसे हमिंता िै, तो दसूर ेकी पीड़ा या समग्रतः दसूर ेका जीवन उसके लिंए कोई अिष निीं रखता िै । सूबेदारनी का मतंव्य 
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उस समय पूणषतः उद्घाहटत िो जाता िै, जब िंिनाजसि को पच्चीस वर्ष पूवष की बातों का थमरण कराती िुई वि हवशरु्द् थवािषमय वादा 

उससे अवरे्तन रूप से करा िेंती िै- ”मैंने तेर ेको आते िी पिर्ान लिंया । एक काम किती िूाँ। मेर ेतो भाग रू्ट गये । सरकार ने 

बिादरुी का लिताब हदया िै, िंायिंपुर में जमीन दी िै, आज नमकििंािंी का मौका आया िै । पर सरकार ने िम तीहमयों की एक 

घंघररया पिंटन क्यों न बना दी, जो में भी सूबेदारजी के साि र्िंी जाती? एक बेटा िै । फ़ौज में भरती िुए उसे एक िी बरस िुआ 

। उसके पीछे र्ार िुए, पर एक भी निीं सजया (सूबेदारनी रोने िंगती िै) । मेर ेभाग । तुम्िें याद िै, एक हदन तांगे वािें का घोड़ा 

दिीं वािें की दकुान के पास हबगड़ गया िा । तुमने उस हदन मेर ेप्राण बर्ाये िे । आप घोड़ों की िंातों में र्िें गये िे और मुझ े

उठाकर तख़्ते पर खड़ा कर हदया िा । ऐसे िी इन दोनों को बर्ाना । यि मेरी शभक्षा िै । तमु्िार ेआगे मैं आाँर्िं पसारती िूाँ ।” 

किानी ‘उसने किा िा’ का ऊपर उर्द्तृ सवंाद सूबेदारनी के हृदय से समथत भावों को गिनता से उ द्घाहटत करता िै । उि सवंाद 

के आधार पर दखेें तो सूबेदारनी को अपने पधत और पुत्र की; यिााँ तक हक अगं्रेज सरकार के प्रधत ’नमकििंािंी’ तक की धर्न्ता 

िै, परन्तु िंिनाजसि के प्रधत कोई संवेदनशीिंता निीं िै । सूबेदारनी का अब अपना पररवार िै, पधत की बिादरुी से प्रसन्न िो सरकार 

ने जमीन दी, तो सूबदेारनी के हृदय में नमकििंािंी हििंोर िेंन ेिंगी, परन्तु बर्पन में तांगे के नीरे् आने से बर्ाने वािें िंिनाजसि 

के प्रधत कृतज्ञता व्यि करना तो दरू, उससे अपने पधत और पतु्र की जीवन- रक्षा की ‘शभक्षा’ िी मााँग िंी! अपने प्राण बर्ान ेका 

थमरण हदिंाकर सूबदेारनी ‘ऐस ेिी इन दोनों को बर्ाना’, किकर ‘ऐसे िी’ के माध्यम से यि प्रच्छन्न रूप से कि देती िै हक भिें 

िी अपने प्राण देकर करना, परन्तु मेर ेपधत और पुत्र की रक्षा करना!! इस प्रकार बर्पन की यदा-कदा िोने वािंी भेंटों के पच्चीस 

वर्ष पश्चात् सूबेदारनी को िंिनाजसि और उसके िारा थवयं को बर्ाया जाना तो ध्यान रिता िै, परन्तु उसकी ‘शभक्षा’ से यि थपि 

िो जाता िै हक िंिनाजसि के प्रधत न तो उसकी कोई संवेदना पच्चीस वर्ष पूवष िी और न िी वतषमान में अब, जब वि यरु्द् में जाते 

िंिनाजसि से अपने पधत व पुत्र की रक्षा की बात, हबना उसके प्रधत कोई धर्न्ता व्यि हकये, कि देती िै । 

हवश्वहवख्यात िें र् िेंलखका ससमोन द बोउवार लिंखती िैं” पुरुर्ों से अधधक लियााँ बर्पन की यादों को संजोये रखती िैं। 

बर्पन में मैं माता-हपता के संरक्षण में थवतंत्र िी, यि उन्िें याद रिता िै । भहवष्य उनके सम्मुख िोता िै । वे अपने को अधधक 

सुरधक्षत निीं समझतीं । वे अनरु्र व वथतु-रूप में वतषमान में बन्दी िोती िैं । एक समय वे हवश्व को हवसजत करना र्ािती िी, पर 

अब वे आम वथतु के रूप में बदिं गयी िैं । अरबों पस्त्नयों और घर सम्भािंने वािंी गृहिशणयों में से वे भी अब एक िोती िैं ।” 

सीमोन द बोउवार के उपयुषि किन से सूबेदारनी (एक आम िी) के मनोभावों का कारण तो थपि िोता िै, परन्तु इसस े

किीं भी उसकी छहव एक प्रेममयी िी के रूप में निीं उभरती िै । किानी में क्या यि अधधक सुखद निीं िोता हक सूबेदारनी 

िंिनाजसि से हमिंने पर उसे बर्पन की बातों का थमरण तो कराती, परन्तु यरु्द् में जात,े कभी अपने प्राणों की रक्षा करने वािें, 

उस हनकछिं प्रेमी से यि वादा भी करा िेंती हक तुम्िें इस यरु्द् में जी- जान से िंड़कर भी मरे ेलिंए जीहवत वाहपस आना िै! यरु्द् 

में यद्यहप कौन मरगेा और कौन बर्ा रिेगा, यि भिंा कौन कि सकता िै, तिाहप सूबेदारनी िारा िंिनाजसि को बर्पन की बातों 

का भावुकतापूणष थमरण कराकर जैसे उसके प्राणों को बर्ाया िा, ‘ऐसे िी’ अपने पधत और पुत्र के जीवन की रक्षा की ‘शभक्षा’ मााँगना 

क्या सूबेदारनी का घोर थवािषमय और कुहटिं िोना प्रमाशणत निीं करता िै? 

दसूरी ओर िंिनाजसि सूबेदारनी की ‘शभक्षा’ को पणूष करने के लिंए आत्मोत्सगष करन ेमें कोई कमी निीं छोड़ता िै । 

सूबेदारनी के पुत्र को यरु्द् के्षत्र में बुखार िो जाने पर वि उसे अपनी जरसी उतारकर पिना देता िै, उसे अपने दो कम्बिं और 

बुरानकोट भी पिना दतेा िै; बोधा जसि के पूछने पर भी अपनी जााँघ में िंगी गोिंी के हवर्य में निीं बताता; सूबेदार जब पट्टी बााँधना 

र्ािता िै, तो ‘िोड़ा घाव िै, सबेर ेदेखा जाएगा’ किकर टािं देता िै और जब सूबेदार उसे छोड़कर निीं जाते, तो ‘तुम्िें बोधा की 

क़सम िै और सूबदेारनी की सौगन्ध िै, जो इस गाड़ी में न र्िें जाओ’, किकर उन्िें जाने को हववश करता िै । 
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िंिनाजसि उपयुषि समथत कायष वथतुतः सूबेदारनी की इस ‘शभक्षा’ की पूर्तत के लिंए करता िै, जो वि उससे यरु्द् में जान े

से पूवष अपने पधत और पुत्र की रक्षा, वर्पन में जैसे उसकी (सूबदेारनी की) की िी ‘वैसे िी’ करने के रूप में मााँगती िै अिवा कि 

सकते िैं उसके भावुक हृदय को भााँपकर अपने हवशरु्द् थवािष में लिंप्त िोकर मााँग िेंती िै! िंिनाजसि अपने अस्न्तम समय में भी 

सूबेदारनी िारा मााँगी गयी हवशरु्द् थवािषपणूष ‘शभक्षा’ को निीं भिूंता िै । सूबदेार जब उसे छोड़कर जाने में सझझकता िै, तो वि किता 

िै-”बोधा गाड़ी पर िेंट गया? भिंा । आप भी र्ढ़ जाओ । सुहनए तो, सूबदेारनी िोरां को धर्ट्ठी लिंखो तो मेरा मत्िा टेकना लिंख 

देना और जब घर जाओ, तो कि देना जो उसने किा िा, वि मैंने कर हदया!” 

हनष्कर्ष : 

किा-शशकप की दृहि से देखें, तो ‘उसने किा िा’ वाथतव में सवषिा अनूठे शशकप से यिु अहितीय किानी िै, सजसमें 

‘फै्लशबैक’ (पूवष थमरण) के माध्यम से किानक हवथतार िेंता िै, परन्तु इतना थपि िै हक इस किानी को प्रेमकिा किना उधर्त 

निीं िै । वथततुः ‘उसने किा िा’ मात्र नायक िंिनाजसि के बर्पन में सम्पकष  में आयी और जवानी में अनायास रूप से हमिंी 

सूबेदारनी के प्रधत एकपक्षीय ‘प्रमे’ की किानी िै, सजसमें िंिनाजसि की सूबेदारनी के प्रधत अधतशय भावुकता िी उभर कर सामन े

आती िै और प्रेम-तत्त्व प्राय: गौण िी रिता िै । यि सुथपि िै हक ‘उसने किा िा’ एक प्रेमकिा निीं िै; साि िी इसमें कशित प्रेम 

और इसके बार ेमें कशित प्रेम वाथतव में पूणषतः संहदग्ध िै ! 
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केदारनाि अग्रवािं की कहवताओ ंमें सामासजक यिािषबोध 
 

डॉ. एस. सयूाषवती 

प्राध्याहपका, हिदी हवभाग, शासकीय मिाहवद्यािंय 

र्ोडवरम, अनकापसल्ल सजिंा, अंध्रप्रदेश 
Email: suryavathis@gmail.com 

Phone: 9440417304 
 

 

शोध सार:  

“जनगण-मन के जागृत शशकपी 

तुम धरती के पुत्र” 

– नागाजुषन 

केदारनाि अग्रवािं प्रगधतशीिं काव्य धारा के प्रधतहनधध कहव िैं । उनकी कहवताओं में व्यापक सामासजक रे्तना का धर्त्रण 

हमिंता िै । वे जीवन और जनता को प्यार करने वािें एक सहृदय, हवनयी, हववेकशीिं व्यहि िैं । अपन ेयिािषवादी सौंदयष बोध को 

किंात्मक ढंग से प्रथततु करके काव्य रे्तना का मागष प्रशथत हकया। केदार जी की िेंखनी की हनरतंरता ने साहित्य को बिुमकूय 

संपलत्त प्रदान की िै । 

बीज शब्द: माक्सषवाद, पूाँजीपधत, मजदरू, प्रजातंत्र आहद । 

जनवादी कहव केदारनाि अग्रवािं का जन्म बााँदा सजिें के कुमासन गांव में सन् 1911 को और हनधन 22 मई, 2000 को 

िुआ । आप ने प्रयाग और आग्रा हवश्वहवद्यािंय में बी.ए. और एिं.एिं.बी. हकया। बाद में वकािंत की। प्रगधतशीिं साहित्य के 

आंदोिंन से जुड़कर वे अपनी रर्नाधर्पमता को आगे बढ़ाया िैं । उनकी रर्नाएाँ  समय-समय पर ‘िंस’ और ‘नया साहित्य’ जैसी 

पहत्रकाओं में प्रकाशशत िोते िी । केदारनाि अग्रवािं व्यापक रे्तना के कहव िैं, उनकी रर्नाओं में माक्सषवादी हवर्ारधारा पररिंधक्षत 

िोती िै । काकपहनक आदशषवाद और आशावाद से रहित इनकी रर्नाएाँ  सच्ची यिािषवादी कहवताएाँ  कििंाती िै । अपनी कहवताओं 

के बार ेमें कहव थवयं किता िै– “मेरी कहवताओं में मेरा अनभुूत व्यहित्व तो िैं िी साि िी साि उसमें एक यगुबोध और यिािषबोध 

भी िै । प्रत्येक कहवता आत्मान्वेहर्णी िोते िुए भी यिािाषन्वेहर्ण भी िैं ।”1 गााँव और नगर, धनी और हनधषन का अंतर भी इन्िोंन े

बड़ी पटुता से अंहकत हकया िै । वतषमान जीवन के खोखिेंपन को र्ािे वि इन्िें किीं भी हदखाई हदया िो धर्हत्रत करने में यि कभी 

निीं र्ूकते। सामासजक उर्द्ार पर आधाररत इनकी यिािषवादी दृहि वाथतहवकता की भयंकरता को किीं भी पकड़ िेंती िै । शिर के 

िंडकों के बार ेमें कहव ने लिंखा िैं - 

“शिर के छोकडे 

मैिें र्टे, बदबूदार वि पिन े

हबना तिें कंघी के 

रूखे उिंझाए बािं 

माओं बिनों को 
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पाप की दृहि से ताकते िैं ।”2 

इनके वथतु जगत में गााँव का सरिं कृर्क िैं जो अभाव तिा ऋण में डूबा िै तिा मजदरू िै सजसके रि को जमींदार रू्स 

रिा िै । सूदखोर, मिाजन, पूाँजीपधत, कमषर्ारी और अधधकारी एकजुट िोकर अपनी सहुवधा के लिंए पररस्थिधतयों को यिास्थित 

बनाए रखना र्ािते िैं । वे थवािी बनकर मानवीय संवदेना को भुिंा हदया िै । उनकी कहवताएाँ  कृर्क जीवन के पररवेश की कहवताएाँ  

िैं, सजनमें कमष और पसीन ेका सौंदयष िै । 

उत्तर छायावादी कािं में प्रगधतवादी आंदोिंन को सजन िोड़े से कहवयों ने बिं हदया िै, उनमें केदारनाि अग्रवािं प्रमुख 

िैं । वे उन अवसरवादी काहवयों में से निीं िै जो सरकारी नौकरी हमिंते िी अपना मत बदिं देते िैं । अपनी रर्नाओं में उन्िोंने 

पूाँजीवादी सभ्यता के दोर् हगनते िुए पूाँजीपधतयों की कू्रता और हृदय िीनता की खिुंकर हनदा की िै । ऐसे िंोगों को उन्िोंने जनता 

का मांस नोर्कर खाने वािें हगर्द् बतिंाया िै । हकसान और मजदरू की दयनीय स्थिधत के लिंए उन्िोंने सदूखोर हमिं मालिंक, 

राजनीधतक नेता और सरकार सभी को उत्तरदायी ठिराया िै । देश की वतषमान आर्थिक स्थिधत की ओर संकेत करते िुए उन्िोंने 

बताया िै हक िंोग आजीहवका हविीन िै, भूखे िैं, त्रथत िै । 

साम्यवादी हवर्ारधारा के प्रसार लिंए एक ओर ये हकसानों और मज़दरूों को उत्तेसजत कर उनमें हवरोि की भावना का संर्ार 

करते िैं विीं दसूरी ओर मनुष्य के उपरे्तन पर प्रभाव डािं कर उसके भीतर से कंुठा, अिं और थवािष की भावनाओं को नि करन े

का प्रयत्न करते िैं । सजनसे व्यहिवाद के पनपने की आशंका िोती िै । ये प्रवृलत्तयााँ मोरे् पर कहवता में उभरकर आई िै- 

“मैं िंड़ाई िंड़ रिा िूाँ मोरे् पर । 

मैं अरे्तन और उपरे्तन सभी पर 

वार करता जा रिा िूाँ । 

सूदखोर को, 

हमिंों के मालिंको को, 

अिष के पैशधर्कों को, 

भूहम को िड़पते िुए धरणीधरों को 

मैं प्रणय के साम्यवादी आक्मण 

से मारता िूाँ ।”3 

शोर्कों के प्रधत अपना आक्ोश थिान-थिान पर तरि-तरि स ेव्यि हकया िै । मजदरूों के श्रम को िंूटकर उन्िें भूख से 

तडपने के लिंये छोढ हदया िैं । हनम्न कहवता में कहव ने ििैंीशािों की शोर्ण का धर्त्रण हकया िैं – “ििैंीशािों की यि हबल्ली/ बडी 

नीर् िैं/ मजदरूों का िाना-दाना/ सब र्ोरी से खा जाती िैं/ बेर्ार ेभूखे सोते िैं ।”4 

समसामधयक समाज में जो वगष वरै्म्य िैं, हनराशा िै, दखु और अभाव िै, उन स्थिधतयों को पूरी ईमानदारी से अपनी कहवता 

में प्रथततु हकया िै । माक्सषवादी चर्तक िोने के नाते कहव परपंरागत धार्पमक मान्यताओं, रुहढ़यों, सड़ी गिंी परपंराओं, रूहढ़ग्रथत 

धमष, मूर्तत पूजा का हवरोध करता िै । वे मानते िैं हक प्रगधतशीिं समाज के ये बाधक तत्व िै । और ये समाज को पतनोन्मुख बनाता 

िै । जनवादी कहव केदारनाि ने रूहढग्रथत धमष तिा मूर्ततपूजा का हवरोध इस प्रकार करते िैं - 

“छोटी सी देवमरू्तत/ आिें में रखी िी/ बेर्ारी और्क िी/ र्ूिे के धके्क से/ दांसा के पत्िर पर/ नीरे् हगर टूट गई”5 

कहव रोज़ी रोटी की समथया का उले्ललखत करते िुए किते िैं हक- 

“रोटी तुमको राम न देगा, वेद तमु्िारा काम न देगा 
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जो रोटी के लिंए िंड़ेगा, वि रोटी आप वरगेा ।”6 

कहव ने राजनीधतक नतेाओं का उपिास हकया िै । नेताओं के खधंडत व्यहित्व को रखेांहकत करता िै - 

“न तुम भहवष्य को उज्ज्विं कर सकते िो 

न आज को सुदंर कर सकते िो ।”7 

र्तुर्थिक अन्याय देखकर कहव का मन दःुलखत िोता िै । सवषत्र ज़ोर-जुकम और भ्रिार्ार व्याप्त िै । एक वकीिं िोने के 

नाते, वे थवयं न्यायािंय में िो रिें अन्याय और नौकरशािी को देखकर बदाषकत निीं कर पाते िैं । वे नौकरशािी और अर्सरशािी 

का हवरोध करते िैं । 

“जनता का जमघट मैं बााँधू 

इनका तोड़ूाँ नौकरशािी। 

अर्सरशािी का ससर र्ोडूाँ ।”8 

सामान्य जनता की व्यापक संवदेना को अपनी रर्नाओं में मुखररत हकया िै । इनके काव्य में कानपुर के मज़दरूों से िेंकर 

बांदा सजिें के हकसानों के जीवन का वाथतहवक धर्त्रण हमिंता िै । तत्कािंीन समाज में उपस्थित बेरोजगारी की समथया का धर्त्रण 

करता िै । 

“रद्दी की टोकरी का जीवन िै/ संज्ञािीन, अिषिीन/ बेकार धर्र र्टे टुकड़ों सा पड़ा िै/ देरी िै/ एक हदन, एक बार, आग 

के र्ूने की/ राख िो जाना िै ।”9 

केदारनाि ने गरीबों की िी निी हनम्न मध्यवगीय पररवार की समथयाओं का भी धर्त्रण हकया िैं । उनकी मायूसी और 

विाभाव की स्थिधत ‘िे मेरी तमु’ कहवता में प्रथततु हकया िैं । 

इतना िी निीं वो हनम्न जाधतयों को उद्बोधन हकया। ‘मछुआर’े और ‘दीन कुनवा’ जैसे कहवताओं ने उन िंोगों की बदिािंी 

का धर्त्रण हकया िै । मछुआर ेकहवता में कहव किते िैं - 

“अराषती र्ौगुनी धार को 

सिज र्ीरकर बढ़ने वािें 

गंगा तट के ये मछुआर े

नैया पार िंगाने वािें ।”10 

नारी थवतंत्रता की कामना करत ेिुए केदार ने ‘रहनया’ नामक कहवता में लिंखा िै- 

“अब रहनयााँ के हदन आये िै 

जग उसके माहर्क बदिेंगा।”11 

राजनीधतक अराजकता पर भी केदारनाि ने गिरा व्यगं्य हकया िै ।  

थवाधीन भारत में पतनोन्मुख नतेाओं के र्ररत्र पर केदारनाि आक्ोश और चर्ता व्यि करते िुए लिंखते िैं - 

“सत्ताइस सािं में तुम 

न तुम रि गए तुम । 

ना िम रि गए िम 

तुम िो िो गए खंूख्वार 

िम िो गए बीमार, अभावग्रथत, िंार्ार”13 
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कहव जनवादी सरकार बनाने के पक्ष में िै । वि सरकार की कड़ी आिंोर्ना इसलिंए करता िै हक वि भारत में हिहटश अिष 

नीती िंागू करना र्ािता िै । सरकार अधधक टैक्सों को जनता पर िंादकर जीवन के अधधकार को छीन िेंती िैं । अगं्रेज भारत को 

छोड़कर र्िें गए हकतु सरकार अंग्रेज शासन रीधत को खदु छोड़ निीं पा रिीं िै कहव के शब्दों में- 

“अिषनीधत में राजनीधत में गिरा गोता खाया । 

जनवादी भारत का उसने सब कुछ विााँ गाँवाया ।”14 

कहव ने 1978 में जनतंत्र की दगुषधत का ममषथपशी धर्त्रण हकया िै । अगिंी पीढ़ी के िारा देश की हवकास की कामना करत े

िुए कहव किते िैं हक ससर्ष  भार्णों से काम र्िंाने वािें शासकों की लखल्ली उड़ाते िुए कहव किते िैं - 

“देश में िंगी आग को 

िंफ्र्ाजी नतेा 

शब्दों से बुझाते िैं । 

वाग्धारा से उवषर 

और देश को 

आत्महनभषर बनाते िैं 

िंोकतंत्र का शासन 

भार्ण तंत्र स े

र्िंते िैं ।”15 

आततायी सत्ता के खोखिेंपन तिा उसके अनार्ार को बेनकाब करता िुआ किता िैं- 

“आग िंगे इस समाज में । 

ढोिंक मढती िै अमीर की 

र्मड़ी बजती िै गरीब की । 

खून बिाए रामराज में। आग िंगे..”16 

देश में रै्िंी अराजकता का पदाषर्ाश करते िुए कहव किते िैं हक इस देश में आराम की जजदगी जी निीं सकते । यि पता 

निीं हक हकसका र्ाकू हकसके पेट में घुसता िैं अिाषत मौत कब आ जाती िैं । यि अराजकता बढती िी जा रिी िैं । हकसी को सकूुन 

की जजदगी जीने का अधधकार इस थवतंत्र भारत में निीं रि गया िैं । 

केदारनाि अग्रवािं ने यिािषवाद सौंदयषबोध को किंात्मक ढंग से प्रथतुत करके राजनीधतक काव्य रे्तना का मागष प्रशथत 

हकया िै । उनकी कहवता की सबसे बड़ी शहि िंोकपरता िै । उनकी िंोकोन्मुखता जीवन के सिज आवेग से संपृि िै । उन्िोंने 

िंोक जीवन की अनुभूधत, सौंदयष बोध और प्रकृधत से जुड़े सवािंों का सिज और उदात्त मानवीय भूहम पर ग्रिण हकया। जन संथकृधत 

के तित उनकी कहवताएाँ  ग्रामीण समाज के सुख-दखु, राग-रगं, िास-हविंास, आशा-आकाकं्षा में शाहमिं िैं । अमृतराय के शब्दों 

में “केदार गिरी जीवन के आथिा का कहव िैं । मैं समझता िूाँ यिी उसके कहव व्यहित्व का बीज गुण िैं । उसके काव्य उन्मेर् का 

बीजमंत्र और उसकी काव्य उपिंस्ब्ध का सार ममष”17 

हनष्कर्ष:  

केदारनाि अग्रवािं की कहवताएाँ  अधधकतर जीवन के सामासजक और मानवीय मुद्दों पर आधाररत िैं, सजससे व्यहिगत 

अनुभव और समथयाओं का सामासजक संदेश प्रथतुत िोता िैं । केदारनाि हकसान और मजदरूों के समिषक, शोर्कों और पूाँजीपधतयों 
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के हवरोधी, नारी थवतंत्रता के आकांक्षक, गरीबों के पक्षधर िैं । अशोक हत्रपाठी के शब्दों में “ य ेकहवताएाँ  देश के मेिनत मजूरी करने 

वािें िंोगों की आत्मा की पुकार िैं, उनकी झुंझिंािट िैं, उनकी धतिंहमिंािट िैं, उनकी लखससयािट िैं, उनकी संघर्ष की लखससयािट 

िैं, उनकी संघर्ष की संककप शहि िैं ।”18 
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हिदी उपन्यासों में धर्हत्रत नयी सदी की समथयाएाँ ’ 

 

बोनोड पाडुंरगं पोर्ट्टी 

पीएर्.डी. (हिदी) 

हिदी हवभाग 

उथमाहनया हवश्वहवद्यािंय, िैदराबाद, तेिंंगाना 

मो.नं. 9000957758 

 

 

नयी सदी के हिदी उपन्यासों में सामासजक समथयाएाँ  कें र में िैं । थवतंत्रता के बाद देश में तीव्र गधत से पररवतषन िुआ । इस 

पररवतषन ने वैयहिक और समूिगत थतर पर सामासजक और आर्थिक समथयाओं ने सवाषधधक प्रभाहवत हकया िै, सजससे इनमें हवघटन 

की स्थिधतयााँ भी पदैा िो गई िैं । थवतंत्रता के 75 वर्ष बीत जाने के बावजूद आम आदमी की सामासजक व आर्थिक स्थिधत अत्यतं 

दयनीय िै । आज ‘अिष’ जीवन की धुरी बना िुआ िै । इस अभाव ने आम िंोगों के जीवन को घोर हनराशा में डािं हदया िै । प्रत्येक 

यगु का सामासजक, राजनीधतक और सांथकृधतक जीवन हकसी सीमा तक आर्थिक बोध से प्रभाहवत रिा िै । ‘अिष’ पर िी समाज का 

हवकास हनधाषररत िोता िै, यि एक सवषमान्य सत्य िै परतंु आज के यगु में ‘अिष’ को सजतना मित्व प्राप्त िुआ िै, इससे पििें उतना 

कभी निीं रिा। हकसी भी व्यहि की सामासजक प्रधतष्ठा का हनणषय आज उसकी आर्थिक स्थिधत हनधश्चत िोने िंगी िै । आज अिष 

व्यहि व समाज का मेरुदंड बन गया िै । आज देश की अिष व्यवथिा पर पूाँजीवादी शहि का शशकंजा कसा िै, सजससे आम िंोगों में 

अभावग्रथतता, मिंगाई, भ्रिार्ार, ररश्वतखोरी, बेरोजगारी की समथया बढ़ रिी िैं । भौधतक आवकयकताओं की पूर्तत के लिंए अिष एक 

आवकयक साधन बन गया िै । औद्योहगक, वैज्ञाहनक हवकास और भौधतक सखु-सुहवधाओं के प्रधत बढ़ते आकर्षण ने अिष प्राहप्त िी 

व्यहि का र्रम उद्देकय बना हदया िै । समाज में प्रधतष्ठा और मान-सम्मान की कसौटी मानव मूकय न िोकर भौधतक समृधर्द् बन गयी 

िै । इक्कीसवीं सदी के उपन्यासकारों ने अपने उपन्यासों में सामधयक समथयाओं को हवथतृत रूप से अंहकत हकया िै । 

अिंका सरावगी के ‘कलिं किा : वाया बाईपास’ उपन्यास में मारवाडी हकशोर बाबू को कें र में रखकर गुजरात से कोिंकत्ता 

तक रै्िें उत्तर भारतीय समाज की यिािष किा इसमें सवंेदनशीिंता के धर्हत्रत िै । इस उपन्यास में वथतु अनेक थतर पर हवद्यमान 

िै, सजनमें मारवाड़ी समाज में लियों की घूटनभरी जीवन का िै, सजसके कें र में हकशोर बाबू की हवधवा भाभी िै । मारवाडी समाज में 

हवधवा िी को हबना हकनारी के सरे्द साहड़यााँ पिनने के ससवाय और कुछ पिनने का िक निीं िा। हकशोर बाबू की भाभी जब यि 

सोर्कर हक आज तो सब शशधक्षत िंोग आएंगे। बिुत प्रसन्न मन से वि साड़ी पिनकर शमाषती िुई कमर ेसे बािर हनकिंती िै, तभी 

हकशोर बाबू अपनी परपंरागत सोर् के कारण यि थवीकार निीं कर पाता िै । वे समाज की दिुाई देते िुए हवधवा िी को उसी दयनीय 

अवथिा में धकेिं दनेा र्ािते िैं- “तुम्िारा हदमाग क्या अब एकदम िी खराब िो गया िै भाभी। उम्र बढ़ने के साि-साि आदमी की 

अक्ल बढ़ती िै पर मुझे िंगता िै यू. पी. वािंों की अक्ल कम िोने िंगती िै । यि क्या इतने र्टक-मटक रगं की साड़ी पिनी िै । 

क्या किेंगे िंोग देखकर। कुछ तो मयाषदा रखी िोती समाज में।”1 हपतृसत्तात्मक समाज व्यवथिा में एक हवधवा िी का अच्छे कपड़ े

में पिनना मयाषदा खत्म िो जाती िै । इस उपन्यास में रूहढ़वादी समाज की किा िी निीं िै वरन् भारतीय पुरुर्सत्तात्मक समाज की 

हवसंगधतयों का भी धर्त्रण िै । सर् क्या िै यि हकशोर बाबू जानते िैं । बदिंते समय के कारण हकशोर बाबू भी अपनी पत्नी में थवततं्र 
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व्यहित्व का हवकास र्ािते िै परतंु उनकी सारी रे्िाओं के बावजूद उनकी पत्नी के व्यहित्व का हवकास निीं िोता िै । इसका 

कारण वि थवयं थवीकार करती िै- “इसलिंए हक तुमने मेरी नकेिं िमेशा अपने िािों में कसकर पकड़े रखी। कभी अपने आप कोई 

हनणषय िेंने निीं हदया र्ािे हकतनी मामिूंी से मामूिंी बात क्यों न िो।”2 हकशोर बाबू िमेशा अपनी पत्नी को र्ाबी की गुहड़या की 

तरि र्िंाते रिते िै । अपनी पत्नी की काहबिंीयत पर कभी भी भरोसा निीं करता िै । मनुष्य की समथया यिी िै हक वि हकसी बने 

बनाए ससर्द्ातं पर पूरा जीवन निीं र्िं पाता िै । कई बार हनजी थवािों के कारण उसके ससर्द्ातं बदिंते रिते िैं । यि मनुष्य की 

प्रवृलत्त िै । शशक्षा, हवज्ञान और सामासजक व्यवथिा के बदिंावों से िी की स्थिधत में पररवतषन आया िै । आधुहनक शशक्षा प्राप्त िी 

अपने अधधकारों के प्रधत सजग िोने िंगी िै, सजससे वि प्रार्ीन रूहढ़यों और परपंराओं से मुि िो रिी िै । आर्थिक उदारीकरण और 

सूर्ना प्रसार ने साहित्य को पणूष रूप से पररवर्ततत हकया िै । पधश्चमी संथकृधत के प्रभाव और नवीन सांथकृधतक बोध के कारण नई 

दृहि का उदय िुआ िै । पुरुर् के वर्षथव का खंडन और िाशशए पर धकेिं दी गई िी समाज में खोयी अपनी प्रधतष्ठा, सम्मान और 

अस्थमता का थिान तिंाश रिी िै । 

नाससरा शमाष के ‘कुइयााँजान’ उपन्यास में इक्कीसवीं सदी की आर्थिक समथया को दशाषया िै । प्राकृधतक आपदाओं जैस े

पानी की कमी, बाढ़, तूर्ान, मिामारी रै्िंना आहद समथयाओ ंसे समाज में आर्थिक हवर्मता रै्िंती िै । इससे धन-संपन्न वगष 

पैसे के बिं पर अपना समय हनकािं िेंते िैं परतंु हनम्न वगष का जीना मुस्ककिं िोता िै । प्राकृधतक आपदाओं के साि कुछ धनी 

िंोग हनम्न वगष का शोर्ण करत ेिैं । पररणामथवरूप हनम्न वगष अकािं ग्रथत बन जाता िै । एक पानी को िी िें तो यि एक प्रकृधत 

का उपिार िै और इस पर सब का अधधकार िै । इस स्थिधत में हनम्न वगष को पानी को खरीद कर पीना पड़ता िै । इस सच्चाई को 

उजागर करता एक व्यहि पानी की समथया पर बिस करते िुए किता िै हक- “आपकी परशेानी अपनी जगि, िमारी धरती पर हकए 

गए अत्यार्ार अपनी जगि। आप िंोग प्रबुर्द् िै । परतंु मैं आपके सामने कि सकता िूाँ हक गांव कथबों में ठाकुर का कुआाँ  आज भी 

जीहवत िै । उन गांवों में जिााँ मीठे पानी से कुएाँ  िंबािंब भर ेिैं, विााँ दलिंतों को आज भी तीन रुपये घड़ा उसी गावं का आदमी 

बेर्ता िै । आप इस समथया का समाधान कैसे ढूढंूगे?”3 आज भी हनम्न वगष की आर्थिक स्थिधत अत्यंत दयनीय िै । उन्िें उच्च और 

मध्य वगष के घरों और कायाषिंयों में मजदरूी करनी पड़ती िै । उच्च वगष के िंोग उनसे मनर्ािा काम करवाते िैं और हनम्न वगष का 

शोर्ण करते िैं । काशीनाि जसि के उपन्यास ‘रिेन पर रग्घ’ू में इक्कीसवीं सदी की बेरोजगारी की भयावि समथया का मार्पमक धर्त्रण 

िै । खेती श्रम आधाररत िै । हकसान और उसका पररवार हमिंकर खेती करते िैं । जो बड़े और साधन सपंन्न हकसान िोते िैं, वे 

अपना काम खेधतिर मजदरूों से कराते िैं । ग्रामीण मजदरूों को तो पूर ेसािं का न काम हमिंता िै न िी उधर्त मजदरूी हमिंती िै । 

वे काम की तिंाश में शिरों-मिानगरों की ओर पिंायन कर रिे िैं । 

उपभोिावाद को बढ़ाने के लिंए पंूजीपधत दसूर ेबिुत बड़े वंधर्त वगष को उसकी पूरी सभ्यता को िी नि करने िंगे िैं । 

भारत के िर प्रदेश में आहदवासी जनजाधतयााँ हनवास करती िै । आज भी वे अपने प्राकृधतक जीवन से जुड़े पििंुओं के साि जीवन 

जीते िैं हकतु आज उपभोिा व्यवथिा उन्िें अपने िी जिं, जमीन और जंगिं यानी अपने घर स ेबेदखिं करने में िंगी िै । वे आज 

मजदरू बन गए िैं । पूंजीपधत उन्िें िंािंर् देकर उन्िें खदानों में खदुाई में िंगाते िैं परतंु आगे र्िंकर यि उनके लिंए जानिेंवा 

साहबत िोता िै । इस दयनीय स्थिधत का मार्पमक अंकन रणेंर ने अपने उपन्यास ‘ग्िंोबिं गांव के देवता’ में हकया िै- “एक तरर् 

इन खानों में मजूरी दी तो दसूरी तरर् बबाषदी के सरजंाम भी खड़े हकए। हपछिें पच्चीस-तीस सािंों में खान मालिंकों ने जो बड़-े

बड़े गडे्ढ छोडे िैं, बरसात में इन गड्ढ़ों में पानी भर जाता िै और मच्छर पिंते िैं । सेरबेिं मिेंररया यिााँ के लिंए मिामारी मुंडीकटवा 

से सािं-दो-सािं पर भेंट िोती िै हकतु इस जानमारू से तो िर रोज भेंट िोगी।”4 उपन्यासकार ने थपि हकया िै हक पूंजीपधतयों 

और सत्ताधाररयों ने विााँ के थिानीय िंोगों को मृत्य ुके मुंि में धकेिंा िै । उपन्यासकार ने यिााँ थपि हकया िै हक हवकास के नाम 
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पर थिानीय िंोगों पर िोने वािें शोर्ण के हवरोध में एकता हदखानी िोगी, सजसस ेइस अन्याय के भंवर से बर्कर अपन ेअस्थतत्व 

बर्ाया जा सकता िै । वरना इस हवकास की आाँधी में ये िंोग गायब िो जाएंगे। इस उपन्यास में थपि रूप से इस शोर्ण के हवरोध 

में प्रधतरोध का थवर दृहिगत िोता िै । रणेंर ने प्रधतरोध के इस थवर को अशभव्यि करते िुए लिंखा िै- “अवैध खनन के लिंए पांर्-

दस असुरों को रोज रु्सिंाया जाता िै । िर उपाय से उनकी जमीन िशियायी जाती िै । बॉक्साइड हनकािं-हनकािंकर मौत की 

खाइयााँ छोडी जा रिी िै । इन सवािंों को जोहड़ये, तभी असुरों के साि उरावं, खेरवार, सदान सब आपकी िंड़ाई में जुटेंगे।”5 

हनजीकरण, उदारीकरण और उद्योगीकरण आहद के हवनाशकारी हवकास ने जनजाधतयों को िाशशए पर धकेिं हदया िै, सजससे उनकी 

अस्थमता पर खतरा मंडराने िंगा िै । हवकास के नाम पर इनके हवनाश की सासजश रर्ी जाने िंगी िै । सकवा जुडुम और ऑपरशेन 

ग्रीन िंट जैसे नामों की आड़ में हवकास के नाम पर सरकार की सोर् िै, वि नकारात्मक िै । यि कैसी उपभोिावादी संथकृधत िै जो 

एक छोटे से वगष के लिंए दसूर ेबिुत बड़े तबके की बलिं र्ढ़ायी जा रिी िै । 

आज देश के लिंए कैसी हवडंबना िै हक भारत जैसे देश में जनता भूखे पेट सोती िै, विीं दसूरी ओर पधश्चमी देशों में 

एक्सपायरी डेट के नाम पर भोजन र्ें क हदया जाता िै । प्रदीप सौरभ ने अपने उपन्यास ‘मुन्नी मोबाइिं’ में इस पर र्ोट की िै । 

उपन्यास का पात्र जोहगदर जसि किता िै हक- “इंग्िैंड में एक्सपाइरी का र्क्कर जरदथत िै । िर थटोर से िर हदन एक्सपायर िुई, 

खाने-पीने की र्ीज र्ें की जाती िै । यिी िमारा भोजन बनती िै । एक्सपइरी खाना अंग्रेजों के लिंए खराब िोता िोगा, िेंहकन िमारा 

डायजेस्थटव ससथटम इसके लिंए पूरी तरि ठीक िै । इंधडया में भी तो िम एक्सपाइरी र्ीजें िी खा रिे िैं ।”6 वैश्वीकरण के दौर में 

प्रवेश करने के बाद हवश्व में एक ओर तेजी से रै्िंा िै वि प्लास्थटक मनी। आज अपने साि रुपये िेंकर र्िंने के हदन र्िें गए । अब 

तो के्धडट काडष का जमाना िै । इसके लिंए एक ओर व्यहि के जीवन को सुहवधायिु बनाया िै तो दसूरी ओर हबना पैसे के मौजमथती 

की िंत भी पदैा कर दी गई िै । यहद आपके पास मौज-मथती करने के लिंए पैसे निीं िै तो चर्ता करने की आवकयकता निीं िै । 

आप के्धडट काडष का प्रयोग कर अपनी इच्छाओं को पूरा कर सकते िैं । के्धडट काटष ने आज समय की पररभार्ा बदिं डािंी िै । 

मिानगरीय बाजारवादी सोर् ने संयम को दमन के रूप में प्रर्ाररत हकया िै । आज िर कोई शून्य बाजार दर के मोिक मायाजािं में 

िंोगों को िंुभाना र्ािा िै । वि आज के व्यहि को उपभोग के लिंए उकसाता िै । प्रदीप सौरभ ने मिानगरीय जीवन के यिािष रूप 

थपि करते िुए लिंखा िै- “एक अमेररकन के पास औसतन पंरि के्धडट काड्सष िोते िैं । उनके या हकसी बुजुगष की मौत पर हवरासत 

में पररवार वािंों को के्धडर्टस काड्सष और दसूर ेिंोग के हबिं हमिंते िैं । भारत में ऐसी स्थिधत में पररवार वािंों को मकान सोना-

र्ााँदी और भी बिुत कुछ हमिंता िै । भारत में ऐसा दशषन भी िै हक उधार िेंकर भी पीओ ।”7 िेंखक अपने उपन्यास में अमेररका 

और भारतीय हवर्ारधारा की तिुंना करते िै । भारत को प्रार्ीन कािं से सयंम पूणष जीवन जीने की आदत निीं िै । भोगवादी 

संथकृधत का असर अभी हदखाई देने िंगा िै । बाजारवाद ने शिरों को िी अपने मकड़जािं में रं्सा िै । यिााँ का ग्रामीण समाज आज 

भी जरूरत की वथतुओं को िी प्रािहमकता दे रिा िै । विााँ तक वैधश्वक आर्थिक हवर्ारधारा का प्रभाव पड़ा िै । उसके िारा खतेों में 

िंगाई जाने वािंी र्सिं का मूकय अब अंतराषिर ीय बाजार तय करता िै । इक्कीसवीं सदी के हिदी उपन्यासकारों ने बिुत सूक्ष्म, गिराई 

और हवथतार में जाकर मिानगरीय जीवन का अंकन अशभव्यि हकया िै । हवगत बीस-पच्चीस सािंों में वैधश्वक आर्थिक रे्तना हवहवध 

रूपों में रै्िंी िुई िै । देखा जाए तो भारत के लिंए यि एक सांथकृधतक सकं्मण का कािं िै । उपन्यासकारों ने इस मिानगरीय 

प्रभाव का आकिंन सजस रूप में हकया िै, वि अपने आप में बेिद मित्वपूणष िै । 

आज देश की अिष व्यवथिा पर पूाँजीवाहदयों का शशकंजा कसा िुआ िै, सजसमें आम जनता अभावग्रथत स्थिधत में मिंगाई 

और बेरोजगारी का शशकार िै । भौधतक आवकयकताओं की पूर्तत के लिंए अिष एक जरूरतमदं साधन बन गया िै । िंोगों का भौधतक 
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सुख-सुहवधाओं के प्रधत आकर्षण बढ़ता जा रिा िै । अिष प्राहप्त िी व्यहि का र्रम िंक्ष्य बना िै । समाज में प्रधतष्ठा, मान-सम्मान 

की कसौटी मानव मूकय न रिकर भौधतक समृधर्द् बन गयी िै । इक्कीसवीं सदी के उपन्यासकारों ने हवशभन्न समथयाओं को हवथतार से 

अशभव्यि हकया िै ।  
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हिदी साहित्य में आधहुनक हवमशष की उपादेयता 
 

डॉ. शेि बेनज़ीर 

सिायक आर्ायष, 

हिदी हवभाग, एस.वी.सी.आर शासकीय मिाहवद्यािंय, पिंमनेर, 

सजिंा – धर्त्तूर, आन्ध्रप्रदेश 517408 

 

सामासजक पररवेश की समीक्षा में िर बार यि थपि िोता िै हक सामासजक घटकों में स्थिरत्व निीं िोता । व ेसमय और 

स्थिधत के अनुरूप बदिंते रिते िैं । समाज में हवद्यमान मूिं प्रवृस्त्त्तयों में सांगोपांग पररवतषन िोते िैं । साहित्य सामासजक सवंेदनाओ ं

का हबम्ब िै । र्िंतः साहित्य भी सृजन से, पनुः सजषन की ओर उन्मुख िोता िै । पूवषवती साहित्य हकतना िी श्रेष्ठतर क्यों ना िो, 

उसे ऐसे दौर से गुजरना पडता  िै, जिााँ उसे बोझ एवं नीरस समझा जाता िै । इसी प्रहक्या से िोकर हिदी साहित्य अपने अधुनातन 

थवरूप में प्रदीयमान िै । हिदी साहित्य में 19 वीं शती के आरभं से िी प्रार्ीन पररपाटी के प्रधत उदासीनता हदखाई देने  िंगी । 

परपंरागत छंदों, भहि, प्रेम, श्रृंगार और प्रशस्थतयों के प्रधत हवरोि का थवर तीव्रतर िोने िंगा । यि हकसी एक हवधा या हवर्ारके प्रधत 

हवरोि ना िा ।  यि तो समथत साहित्य में नवीनता िंाने के लिंये र्िंने वािंा आंदोिंन िा । नवीन हवर्ारों की प्रेरणा से उत्पन्न 

वि भावधारा िी, जो आधुहनक साहित्य के नाम से अशभहित िुई । इसमें साहित्यकार आत्महनष्ठता से सहमहि, ककपना से यिािष 

और अिंौहकक से िंौहकक भूहम की ओर अग्रसर िोते गए । देश के सामासजक-राजनीधतक आंदोिंनों ने ना ससर्ष  भारतीय समाज 

का प्रक्षािंन हकया, बस्कक वे साहित्य में छाई अराजकता को हमटाने में भी सर्िं िुए । सजसका पररणाम िी आधुहनक कािं का 

आहवभाषव िै । भारतेंद,ु मिावीर प्रसाद, रामरं्र शुक्ल, प्रेमर्दं, प्रसाद, पन्त, हनरािंा, हदनकर जैसे साहित्यकारों की नैरतंयष साहित्य 

सेवा से बीसवीं सदी से आधुहनक साहित्य का आहवभाषव िुआ । 

 संसार में जो कुछ घहटत िोता िै उसकी अशभव्यहि साहित्य में िोती िै । साहित्यकार का हृदय समाज की संवदेनाओं स े

थपंहदत िोता िै । साहित्य िमेशा से समाज को हदशा दनेे एवं िंोकमंगिं की भावना को साकार करने के लिंए कृत संकस्कपत रिा िै 

। साहित्य सजषनशीिं प्रहक्या िै जो बेितर समाज के हनमाषण के लिंए प्रधतबर्द् िै । वतषमान समय में समाज के सभी वंधर्त, उपेधक्षत, 

शोहर्त समूिों ने अपने अधधकारों, अस्थमता एवं अस्थतत्व के लिंए हनणाषयक िंड़ाई छेड़ दी िै । यि िंड़ाई हकसी के हवरुर्द् निीं 

अहपतु मानवता के पक्ष में िंड़ी जा रिी िैं । इसी से 21 वीं सदी के साहित्य में अनेक हवमशों की प्रधतष्ठा िुई िै । हवहवध हवमशों के 

माध्यम से पीहड़त, वंधर्त वगष की दबी आवाज को बिं हमिंा, उन्िें िाशशए से मुख्य धारा में आन ेमें मदद हमिंी, उनकी समथयाओं 

पर समाज की दृहि पड़ी और उस वगष के उत्िान को बिं हमिंा । 

इस पृष्ठ भूहम को िेंकर र्िंने वािें साहित्यकारों ने आधुहनकता के प्रधत आथिा हदखाई । अब वे साहित्य अंधानुकरण 

निीं करते । क्ांधतकारी िोकर आधुहनकता के प्रधत जागरूक िोना साहित्यकार का सिज िंक्षण िोता िै । इस कारण साहित्य में ऐसे 

हवर्य सामाहवि िोते गए, सजसका हवमशष आवकयक िो गया । समसामधयक मुद्दे अब साहित्य में समीक्षा और हवर्ार हवमशष के लिंए 

थवीकृत िो गए । नारी रे्तना, नारी -सशहिकरण, ग्राम रे्तना, कृर्क संघर्ष, आतंकवाद, बािं शोर्ण, दांपत्य जीवन, यौन 

हवकृधतयााँ, दलिंत रे्तना, देश हवभाजन की त्रासदी, मूकय हवघटन, शिरीकरण आहद पर हवमशष िोने िंगे । सामासजक यिािष, 

िंघुमानव, जीवन संघर्ष, दलिंत, प्रताधडत, पीधडत आहद साहित्य के आिंोच्य हवर्य बन गए । र्िंतः आधुहनक हवमशष के नए- 
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नए आयाम उभरते गए । इन हवमशों स ेसाहित्य को बिुत कुछ हमिंा । आधहुनक साहित्य के हवमशों से साहित्य का रूप कुछ इस 

प्रकार िै । 

 कोई भी साहित्यकार अपनी रर्ना में अपने वण्यष हवर्य को किंात्मक ढंग से प्रथतुत करना मात्र अपना धमष निीं  समझता 

। वि अपनी रर्ना में समासजक जीवन की समीक्षा करता िै । समाज के लिंए आदशों , हवकासशीिं प्रधतमानों, मकूयों को हनदेशशत 

करता िै । सजसे सजग पाठक थवीकार भी करता िै । सहित्यकार पाठक को जीवन की कटु पररस्थिधतयों से अवगत कराता िै ।“ 

साहित्य में यिािष का िी निीं – मानव आदशों, मानव हवश्वासों और परपंरागत धारणाओं का हनरूपण भी करता     िै ।“1 आधुहनक 

हवमशों में इन्िीं हनरूपणों को मित्व हमिंने िंगा । साहित्यकारों ने बदिें िुए समाज को नवीन जीवन दृहिप्रदान की । हनराशा और 

कंुठाको दरू कर नवीन ऊजाष का संर्ार करना इनका िंक्ष्य िा । साहित्यकार ने साहित्य को मात्र मनोरजंन  का साधन  मानन ेसे 

इंकार कर हदया । वे साहित्य को  हवशशि उद्देकय का प्रधतपादक मानने िंगे । अपने नायक एवं पात्रों को आदशों एवं मूकयों का 

प्रधतहनधध मानने िंगे । सजससे साहित्य सहमहि की ओर अग्रसर िोता गया । साहित्यकार जीवन की व्याख्या करने िंगा । नए मानव 

को यगुीन जीवन दृहिकोण  प्रदान करना ज़रूरी समझा । साहित्यकार के पास वि शहि िोती िै सजससे वि मानव मन के गिन थतरों 

को पिर्ान सकता िै । इसे पिर्ानकर साहित्यकार पात्रों के माध्यम से जीवन दशषन की व्याख्या करता िै । आधुहनक हवमशों में इन 

प्रवृस्त्त्तयों को देखा जा सकता िै । 

 आधुहनक कािं के आरभं से िी भारतीय जनता जान रु्की िी वे अपनी संथकृधत और अस्थतत्व को भुिंा रिे िैं । अब 

जरूरी िा उसे बर्ाए रखना । कई दशकों से परतंत्रता की त्रासदी को झेिं रिे िे । पर अब प्रश्न थवदशे एवं थव-अस्थतत्व का िा । 

साहित्यकारों ने भी इसकी सजम्मेदारी िंी । साहित्यकारों ने भी अंधहवश्वासों एवं कुहवर्ारों को जड से हमटाने की गुिार िंगाई । 

साहित्य के माध्यम से र्िंने वािें सांथकृधतक रे्तना के हवथततृ प्रभाव से भारतीयता की पुनः पिर्ान िोने िंगी । हवदेशी संथकृधत 

के अंधे मोि की तीव्र भत्सषना की जाने िंगी । जो आधुहनक हवमशों में हदखाई दनेे िंगी ।“ धार्पमक–सांथकृधतक आंदोिंन ने सजस 

प्रकार पुराने को नये से और नये को पुराने से सम्बर्द् हकया, उसी प्रकार किंा और साहित्य ने भी हकया ।“2 आधुहनक यगु के 

साहित्य ने आधुहनक हवर्ारों का समिषन हकया, परतंु परपंरगत थवथि भारतीय मूकयों एवं सहिर्ारों का समिषन हकया । प्रार्ीन 

संथकृधत के उदात्त एवं हवकासशीिं आदशों को नवीन रूप में प्रथतुत हकया । सजससे साहित्य के माध्यम से नवीन समस्न्वत संथकृधत 

की थिापना िुई । साहिस्त्यक हवधाओं में प्रार्ीन भारतीय संथकृधत को नए रूप में प्रथततु करने की प्रिा आरभं िो गई । साहित्य को 

नया आयाम  प्राप्त िुआ । 

 आधुहनक हवमशों की भरमार स ेसाहित्य की पररधध में भी पयाषप्त हवकास िुआ । अब साहित्यकार ककपना से पर ेप्रत्यक्ष 

जन जीवन को िी साहित्य का  मुख्य प्रधतपाद्य मानने िंगे िे । प्रामाशणक अनभुूधत के प्रधत प्रधतबर्द् िो र्ुके िे । र्िंतः साहित्य के 

प्रार्ीन प्रधतमानों को सवषिा हनरिषक साहबत करने िंगे । साहित्य में पंरपरागत प्रतीकों एवं उपमानों का पररत्याग िोन ेिंगा । नवीन 

हवर्ारों एवं जीवन सत्यों को उद्घाहटत करने के लिंए सरिंतम शैलिंयों को अपनाने में िी साहित्यकार ने रुधर् हदखाई । पद्य के क्षेत्र 

में मुि छंदों को प्रधानता हमिंन ेिंगी तो गद्य में बोिंर्ािं की सरिं एवं सपाट बयानी को । गद्य में अनेक नई हवधाओं का समावेश 

िुआ जैस ेडायरी, पत्रिेंखन, किा, नाट्य, हनबंध, आिंोर्ना, जैसे पूवषवती गद्य हवधाओं के रूप गठन में पररवतषन भी िुआ ।“ अन्य 

हवधाओं में भी कथ्य की हवहवधता और शैिंीगत नूतन प्रयोगों की हदशा में इस यगु के साहित्यकार में जो जागरूकता  िंधक्षत िोती 

िै, वि पूवषवती िेंखकों में निीं हमिंती ।“3 यि आधुहनक हवमशों की रे्तना का पररणाम िै । 

 वैर्ाररक धरातिं की दृहि से आधुहनक हवमशों को पिर्ानने की कोशशश की जाए तो पता र्िेंगा हक हवमशों के माध्यम से 

साहित्य में अधुनातन ससर्द्ातंों  एवं दशषनों का आगमन िुआ । साहित्यकारों ने हवहवध हवर्यों को रर्ना का प्रधतपाद्य र्नुा तो साहित्य 
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के मूकय, सौंदयष बोध, प्रवृस्त्त्तयााँ आहद नवीन रूप िेंने िंगे । साहित्य में रूढ़ िो र्ुकी धारणाएाँ  शशशििं िोने िंगी । कािंष  माक्सष, 

िायड के ससर्द्ातंों के प्रभाव से थवतंत्रता  पूवष िी वैर्ाररक जड़ता को धक्का िंगा िा, जो हक थवतंत्रता के बाद और अधधक िुआ । 

भारतीय समाज एवं राजनीधत के लिंए अशभशाप बन र्ुके घटकों को हमटाने की प्रहक्या साहित्य में आरभं िुई । यिािष, अधत यिािष, 

बौधर्द्कता, भौधतकता आहद हवर्ारों के ढााँरे् में पात्र ढिंने िंगे । ज्ञान–हवज्ञान के हवकास के र्िंथवरूप साहित्यकारों की दृहि में 

भी यगुातंरकारी पररवतषन िुआ । “हवज्ञान के िारा आध्यात्म और आध्यास्त्मकता जैसी र्ीजों का पूरी तरि हनरे्ध हकया गया, क्योंहक 

उसके पीछे हकसी तरि की इंहरय गम्य – थििूं कारण कायष की श्रृंखिंा उसे निीं हमिंी पररणाम यि िुआ हक वैज्ञाहनक उन्नधत के 

अनुपात में िी हदनोंहदन मानव के प्रधत िी संपूणष हनष्ठा कें हरत िोती गई । मानवेतर जो भी िा, मूकयिीन िोता र्िंा गय ।“4 नए 

हवमशों ने साहित्य जगत में  हवर्ारों का सैिंाब िंा हदया । सजससे मानव समाज के जीवन में बदिंते पररवशे के अनुसार आते  उनके 

मानससक हवकास का पररर्य भी हमिंने िंगा । 

 अपनी उपादेयता के बिं पर आधुहनक हवमशष अपनी मित्वपूणष भूहमका हनभाते िुए सहक्य िै । नवोन्मेर्ी हवर्ारों से प्रभाहवत 

िोकर साहित्य ने जो रूप लिंया, वि हनथसदंेि अहनवायष िा । आधुहनक हवर्ार यों िी निीं पैदा िोते । वे समय और पररवशे के गभष 

में वर्ों की प्रतीक्षा का र्िं िोत ेिैं । जब भी समाज और साहित्य वैर्ाररक कंुठा से ग्रथत िोते िैं, आधुहनक हवर्ारों  की आवकयक 

िोती िै । सजग साहित्यकार एवं नागररकों की पििं से आधुहनक हवर्ार अवकय िी प्रथरु्हटत िो जाते िैं । आधुहनक यगु अपने 

पूवषवती यगुों से हनतातं शभन्न िै । नए हवमशों से इस यगु में भौधतकता एवं बौधर्द्कता का सामावशे िुआ । यिािष और उहपयोहगता का 

प्रबिं समिषन िुआ । आधुहनकता का एक अिष िी व्यहि एवं समाज को हवकासशीिं दशषन प्रदान करना िै । इस दृहि से हिदी 

साहित्य का आधुहनक हवमशष सर्िं िै । आधुहनक हवमशष की उपादेयता यिोधर्त िै, सजसने साहित्य का नवीनीकरण कर समाज में 

नवजीवन का अंकुर प्रथरु्हटत हकया । 
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िे अधोिथताक्षरी 
 

डॉ. नीरज कुमार हिवेदी  

अससथटेंट प्रोरे्सर,  

हिदी हवभाग, दयानंद वैहदक कॉिेंज, उरई (जािंौन) 

सम्पकष  7905531417,  

E-mail - neerajdwivedi71@gmail.com 

 

सर् बताना 

यि तुम्िारी योग्यता िै 

या हक कंुठा 

तुम्िारा कोई भी अधीनथि 

जब तुम से आगे बढ़ने का 

आभास देता िै तो 

तुम िंग जाते िो 

उसके मागष में व्यवधान खड़े करने के 

और इन व्यवधानों को कायदे-कानूनों का 

नैधतकता का 

सामासजक मयाषदा का 

जामा पिनाकर 

उसके हितेर्ी बनने का पूरा प्रयास 

करते िो। 

और मेरी आंखें 

तब र्टी रि जाती िैं 

जब मैं सुनता िूाँ आपकी तारीर् 

उस हनरीि की जुबानी, जो 

अपनी असर्िंताओं के एवरथेट से 

खड़े िोकर हन:श्वास करता िै 

गाता िै तुम्िार ेगुण 

र्ारण-भाटों की तरि 

निीं हदखती हकसी को 

उसके अदंर की उमड़ती-घुमड़ती 

कािंी-पीिंी-सरे्द धआंुती रखेाएं 

mailto:neerajdwivedi71@gmail.com
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निीं हदखत े

सूखे आंसुओं के दाग-धब्बे 

पर क्या र्कष  पड़ता िै इन सबसे । 
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तकरार न कर 
 

समधृर्द्  संजय सवेु 

चर्र्वड, पुणे 33 

7420828184 
 

िो डगर ऊाँ र्ी-नीर्ी 

ना िो कोई िमसर्र 

अकेिंा िो सर्र तो 

राथता बदिंकर र्िं 

तकरार न कर 

र्िंता र्िं..... 
 

मायसू न िो देखकर 

डूबता सूरज धक्षधतज पर 

आनवेािंी सुबि पर 

ऐतबार करता र्िं 

तकरार न कर 

र्िंता र्िं..... 
 

िै ताकत तेरी बाजुओं में 

िंडने की शहि िो मन में 

अपनी िी िार पर बावर े

हवजय प्राप्त करता र्िं 

तकरार न कर 

र्िंता र्िं..... 
 

जो भाग्य में िै लिंखा 

हकसी और ने ना दखेा 

अपने करूणामय पर 

हवश्वास तू रखता र्िं 

तकरार न कर 

र्िंता र्िं..... 
 

तकरार न कर 

र्िंता र्िं..... 
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जीवन की हवडंबना 
 

राजेंर यादव 'र्रीदाबादी' 

 

जीवन की हवडंबना क्या िोगी? 

जब जीवन िी एक हवडंबना िै । 

अिंंकारों की श्रृंगाररकता क्या िोगी? 

जब अिंंकार िी एक श्रृंगार िै । 

 

जीवन की हवर्मता क्या िोंगी?  

जब जीवन िी एक हवर्मता िै ।  

जीवन की हवडंबना क्या िोगी?  

जब जीवन िी एक हवडंबना िै 

 

जीवन की हवर्म और सम पररस्थतशियों में क्या कोई स्थिर रिता िै? 

जीवन की िािंों से र्ंर्िं िो जीवन बिता रिता िै । 

हवर्म स्थिधतयों में भी सदैव हवर्म ना रिता िै । 

हर्र क्यों मानव तिंवों को र्ाटा करते िैाँ। 

िंघु भय से दीघष संकट का हनःथवास लिंया करते िैं । 

जीवन की हवर्मता क्या िोंगी? 

जब जीवन िी एक हवर्मता िै । 

जीवन की हवडंबना क्या िोगी? 

जब जीवन िी एक हवडंबना िै । 

 

जीवन से पररधर्त िोकर भी, 

अपररधर्त-सा व्यविार कर।े 

सुबि साम और आठो याम, 

राम रिीम का नाम जपे। 

मस्न्दर मस्थजद जाकर भी, चर्ता भय में रिता िै । 

जीवन की चर्ता क्या िोगी? 

जब जीवन की भी चर्ता िै । 

जीवन की हवडंबना क्या िोगी? 

जब जीवन िी एक हवडंबना िै । 
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ABSTRACT 
 
Diabetes mellitus (DM) is one of the serious endocrine disorders caused by insufficient production 
or inefficacy of the insulin and it is the immense cause of death throughout the world. However, 
finding for novel antidiabetic drugs from natural resources is still fascinating, because of their safe 
effect on DM. The marine environment provides a pool of unique and novel bioactive compounds 
due to its extremely diverse environmental conditions and biota. Stomopneustes variolaris is a 
marine echinoderm, belongs to family Stomopneustidae and they have toxins in their bodies as a 
defence mechanism which often has medicinal value. The present investigation aimed to evaluate 
the antidiabetic potentials of protein extracts from the spines, shell, and tissue of Stomopneustes 
variolaris. The spine, shell, tissue shows significant variation in protein content and the highest 
concentration of protein was found in tissue extract. The studies of haemoglobin glycation reveal 
that the haemoglobin glycation was increased with increasing concentration of the glucose. The 
highest haemoglobin glycation was reported in 20mg/ml glucose concentration at 24hr incubation 
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period. The Glucose Adsorption Capacity of spine, shell and tissue extracts shows a strong positive 
correlation such as r = 0.9930, r = 0.9931 and r = 0.9969 corresponding to increased glucose 
concentration. The inhibition percentage of physiological haemoglobin glycation was depended on 
the glucose concentration. The protein extract of Stomopneustes variolaris spine (86.19 ± 0.28) 
showed the highest percentage of physiological haemoglobin glycation inhibition at 40mg/ml 
glucose concentration. The % of Glucose dialysis retardation index (GDRI) was decreased with 
increasing time incubation in all the tested protein extracts. The spine extract of Stomopneustes 
variolaris (37.26 ± 0.4) showed the highest percentage of GDRI at 30min incubation period. The 
maximum percentage of glucose uptake by yeast was observed with the spine extract (46.4±0.25) 
of Stomopneustes variolaris. The in-vitro α-amylase inhibitory activities of Stomopneustes variolaris 
spine, shell, and tissue were found as 51.11±0.79%, 41.81±0.31% respectively. 
 

 
Keywords: Diabetes mellitus; haemoglobin; glucose; α-amylase; protein extract; GDRI. 
 
1. INTRODUCTION 
 
Diabetes mellitus is one of the serious metabolic 
disorders of glucose caused by inherited or 
acquired deficiency in the production of insulin or 
by the ineffectiveness of the insulin and its 
results in hyperglycemia due to abnormal 
metabolism of carbohydrates which leads to the 
elevated levels of glucose in the blood. The long-
term hyperglycemic conditions of diabetes are 
associated with damage, dysfunction, and failure 
of various organs [1]. Diabetes is the rapidly 
increasing lethal disease to mankind all around 
the world [2]. The World Health Organization 
(WHO) listed diabetes as the fifth leading cause 
of death in 2015 and it estimated over 382 million 
people were suffered from diabetes in 2013, this 
number is increased to 500 million by 2030. 
According to the IDF data from 2019, there are 
87.9 million diabetics residing in the middle-
income countries of Southeast Asia. Particularly, 
the disease was more prevalent in urban areas 
and cities, with percentages of 34.3 and 49.4 
respectively [3]. In India the current epidemic 
position of diabetes is increased rapidly with 
more than 62 million diabetic cases [4]. In the 
year 2000, India (31.7 million) has a top-ranked 
with the highest number of diabetic people 
followed by China (20.8 million) and the United 
States (17.7 million). Indians are more prevalent 
to diabetes when compared to the Europeans 
due to the lower body mass index (BMI) of 
Indians [5]. In the treatment of diabetes, the 
major problem with the antidiabetic medicine 
available in the pharmaceutical market is the 
continuation of diabetic associated with long-term 
complications and side effects. Diabetes is a 
severe economic burden on Indians, with 
regional variations, and it was revealed that the 
cost of drugs accounted for a substantial portion 
of the diabetic expenses. This might be 
minimised by the development of new generic 

drugs and health care systems [6]. Hence, 
searching for new antidiabetic drugs from natural 
resources is still attractive to researchers 
because they have substances that can be used 
as an alternative to antidiabetic medicines to 
reduce side effects. 
 
The marine environment provides a pool of 
unique and novel bioactive substances because 
of its highly varied environmental conditions and 
diverse biota. The unavailability of sufficient and 
efficient medicines for the increasing incidence of 
various diseases has directed to the finding of 
new bioactive materials from marine sources. 
Marine organisms show an extensive range of 
bioactive compounds and the isolation of natural 
products from marine organisms has been 
exceeded to 18000 [7]. Sea urchin is a member 
of echinoidea class in the Echinodermata phylum 
and they have been considered as a potential 
source of bioactive substances with 
pharmaceutical applications [8]. The structure 
and quantity of bioactive compounds can vary 
among diverse sea urchin types possibly due to 
their different diet habits and physiological stages 
like variation in the reproduction phase [9]. Some 
sea urchins can synthesise toxins for their 
defence purpose, which often have a biomedical 
significance [10]. Basing on the bioactive 
potency, the present research has been carried 
out on Stomopneustes variolaris for the 
evaluation of their pharmacological activities 
against diabetes. 
 
Stomopneustes variolaris is a tropical, rock-
boring echinoid found at the intertidal zone and 
distributed from southern and northern poles to 
the equator [11]. S. variolaris is a commonly 
found sea urchin in India which is distributed 
along the coast of Visakhapatnam to 
Kanyakumari. The structure of S. variolaris has a 
hard-calcareous shell known as a test and it is 
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covered with spines for locomotion and defence. 
The mouth is positioned on its ventral side 
containing five calcareous plates called 
"Aristotle's Lantern". This mouth opens into the 
digestive tract that is connected to the anus 
which is located on the top of the test. The 
present investigation was designed to screen the 
antidiabetic properties of protein extracts from 
the spines, shell, and tissue of Stomopneustes 
variolaris. 
 
2. MATERIALS AND METHODS 
 
2.1 Sample Collection 
 
Young and healthy Stomopneustes variolaris 
were collected from Tenneti Park (Long: 83o20' 
59.94'' E; Lat: 17o 44' 48.36'' N) and have been 
located on the North East coast of Andhra 
Pradesh, connected to the Bay of Bengal, 
Visakhapatnam, India. The collected organisms 
were aseptically transported to the laboratory 
and cleaned with distilled water. Then the 
samples were dissected and separation of the 
spines, shell, and tissue was done for the 
research. 
 
2.2 Extraction and Estimation of Total 

Protein  
 
Ferreira et al., [12] method was adopted to 
extract the proteins. 5 gm of Stomopneustes 
variolaris spine, shell, and tissue samples were 
homogenized separately in 50 mM sodium 
phosphate buffer containing 10% insoluble PVP 
and incubated at 4oC for overnight. Then the 
homogenates were centrifuged at 14000 rpm for 
20 min at 4oC. The supernatant was separated 
and maintained at -20oC for further investigation. 
The total protein content in the spine, shell, and 
tissue extracts of Stomopneustes variolaris was 
quantified by adopting the Lowry et al., [13] 
method. The protein content was expressed in 
mg per gm fresh weight. 
 
2.3 Evaluation of Haemoglobin Glycation 
 
2.3.1 Preparation of haemoglobin  
 
The blood was collected from a healthy human 
volunteer in a vial containing an anticoagulant 
and the collected blood was washed three times 
with 0.14M NaCl. Two volumes of 0.01M 
phosphate buffer (pH 7.4) and 0.5 ml CCl4 was 
added to the blood suspension to lyse the RBC. 
At room temperature the haemolysate was 
centrifuged for 15 min at 2300 rpm. After 

centrifugation, the haemoglobin rich upper layer 
was isolated and kept in a refrigerator until use 
[14]. 
 
2.3.2 Estimation of haemoglobin glycation 
    
Three distinct concentrations (2, 10, and 20 
mg/ml) of glucose solution (pH 7.5) was used to 
estimate haemoglobin glycation. 1ml of 
haemoglobin was taken in a series of three test 
tubes each containing 1ml of 2, 10, and 20 mg/ml 
glucose solution. The haemoglobin fraction 
without the glucose was used as a blank. The 
test tubes were incubated for different time 
intervals such as 0, 24, 48, & 72 hrs and the 
degree of glycation was quantified by estimating 
the liberated hydroxymethylfurfural [14]. 
 
2.4 Determination of Extract Glucose 

Adsorption Capacity 
 
Five distinct concentrations (5, 10, 20, 50, and 
100 mg/dl) of glucose solution was used to 
estimate Glucose adsorption capacity of extract. 
0.25ml of Stomopneustes variolaris spine, shell, 
and tissue protein extracts were separately taken 
in a series of five test tubes each containing 25ml 
of 5, 10, 20, 50, and 100 mg/dl glucose solution. 
The test tubes were incubated for 6hrs at 37oC in 
a shaker water bath. Then, the tubes were 
centrifuged for 20 min at 4800 rpm and the 
glucose content was measured in the 
supernatant [15]. The amount of glucose bound 
to the extract was measured by the below 
formula. 
 

                  
      

              
 

                 
 
G1 is the amount of glucose in original 
solution. 
G6 is the amount of glucose after 6 hr 
incubation. 

 
2.5 Effect of Extract on Physiological 

Haemoglobin Glycation 
 
A series of increasing glucose concentrations (1-
40mg/ml) were used to study the inhibition 
percentage of physiological haemoglobin 
glycation with the protein extracts of 
Stomopneustes variolaris spine, shell, and 
tissue. 1ml of haemoglobin was taken in a series 
of five test tubes each containing 1 ml of 1, 10, 
20, 30 and 40mg/ml glucose solution. To the 
above test tubes, 5μl of gentamycin and 30μg/ml 
of protein extracts were added. The positive 
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control was maintained by adding 30μg/ml gallic 
acid instead of protein extracts and the contents 
were gently mixed and incubated at room 
temperature for 72 hrs in dark. After incubation, 
the free haemoglobin was estimated by 
spectrophotometrically at 443nm to measure the 
degree of inhibition percentage haemoglobin 
glycation [14]. 
 
2.6 Effect of Extracts on in-vitro Glucose 

Diffusion 
 
The in-vitro glucose diffusion study was 
performed with increasing incubation times. A 
mixture of 25ml glucose solution (20mM) and 1% 
protein extracts of Stomopneustes variolaris 
spine, shell, and tissue were separately packed 
in a dialysis bag. The bags were dialysed against 
200ml distilled water at 370C and the amount of 
glucose in the dialysate was evaluated at 30-, 
60-, 120, and 180-min incubation times. Control 
was maintained without protein extract [16].  
 

        

    
                                   

                                      
      

 
2.7 Effect of Extracts on Glucose Uptake 

in Yeast Cells 
 
Commercial baker’s yeast was used to study the 
effect of protein extracts on glucose uptake. 
5gms of yeast was dissolved in distilled water 
and allowed to the repeated centrifugation at 
3000 rpm for 5min till getting the clear 
supernatant. From the clear supernatant, 10% 
yeast suspension was prepared with distilled 
water. 1ml of protein extracts from 
Stomopneustes variolaris spine, shell, and tissue 
were taken in separate test tubes each contains 
1ml of 100mM glucose solution and the tubes 
were incubated at 370C for 10min. Control was 
kept without the addition of protein extracts. To 
the above tubes, 100µl of 10% yeast suspension 
was added and they were permitted to incubation 
for 60min at 370C. After incubation, the tubes 
were centrifuged at 2500 rpm for 5min and the 
amount of glucose was quantified in the 
supernatant. 
 

                    

    
            –           

           
      

 

2.8 α-Amylase Inhibitory Assay  
 
The α-amylase inhibitory assay for protein 
extracts of Stomopneustes variolaris spine, shell 

and tissue were evaluated according to the 
methodology of Malik and Singh et al., [17] with 
minor alterations. 1ml of protein extracts and 1ml 
of 0.5 mg/ml α-amylase solution were taken in 
test tubes and the tubes were allowed incubate 
at room temperature for 10min. To the above 
mixture, 1ml of 1% starch was added and again 
incubated the mixture at room temperature for 
10min. After incubation, 2ml of dinitrosalicylic 
acid was added in all the test tubes to terminate 
the reaction and the tubes subsequently kept in a 
water bath for 5min at 1000C. Once the 
temperature of the reaction mixture reached the 
room temperature, the mixture was diluted by 
adding 10ml distilled water and absorbance was 
measured at 540nm. Control was maintained by 
adding the buffer instead of protein extract and 
acarbose was used as standard.  
 

                          
            –           

           
      

 
3. RESULTS AND DISCUSSION 
 
3.1 Protein Estimation 
 
Screening of protein quality and quantity gives an 
idea about the habitat and medicinal importance 
of an organism. Different marine organisms that 
live in different habitats show a significant 
variation in the quantity of proteins. Mayne and 
Robinson [18] reported the positive relationship 
between total body protein and feeding habit of 
an organism. The protein content in the spine, 
shell, and tissue of Stomopneustes variolaris 
shows a large variation. The protein 
concentration in the tissue of Stomopneustes 
variolaris was found as 11154±170 µg/gmFW. 
Whereas, spine and shell extracts have 
764±7.8µg/gmFW and 1565.56±7.37 µg/gmFW 
of protein respectively. Among all the three 
extracts of Stomopneustes variolaris tissue 
shows dominant protein content. 
 
The information of organisms’ bioactive potential 
is very important since the therapeutic value is 
reflected by its biomolecular composition. Protein 
is a chief biochemical component which plays a 
vital role in determining the structure and quality 
of an organism [19]. Protein is one of the 
dominant biochemical constituents in S. variolaris 
and it was high in tissue than exoskeleton. Mol et 
al., [20] carried out similar research in P. lividus 
and the protein content was observed as 12.03 ± 
1.26%. Shikov et al., [21] and Bragadeeswaran 
et al., [22] reported the protein content in S. 
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droebachiensis and T. toreumaticus as 39.7% 
and 2.70 mg/ml correspondingly. Kato and 
Schroeter, [23] reported that S. franciscanus and 
S. purpuratus show variation in protein 
percentage which ranges from 7.7 to 9.6 and 9.5 
to 12.3 respectively. The present findings are 
correlated with some earlier works and                    
also some differences are reported. These 
differences are associated to the omnivorous 
feeding habit and adequate food present in the 
surrounding. 
 
3.2 Estimation of Haemoglobin Glycation 
 
The evaluation of haemoglobin glycation has a 
crucial role in antidiabetic studies. The maximum 
haemoglobin glycation was observed at 24hr 
incubation period in 20mg/ml concentrated 
glucose solution. At 24 hr incubation period the 

haemoglobin glycation was reported as 
0.333±0.005, 0.145±0.004 and 0.546±0.005 with 
respect to the 2, 10 and 20 mg/ml glucose 
concentrations (Fig. 1). At 48 hr incubation 
period the haemoglobin glycation was reported 
as 0.441±0.006, 0.346±0.005 and 0.277±0.005 
with respect to the 2, 10 and 20 mg/ml glucose 
concentrations (Fig. 2). At 72 hr incubation 
period the haemoglobin glycation was reported 
as 0.143±0.005, 0.189±0.005 and 0.217±0.005 
with respect to the 2, 10 and 20 mg/ml glucose 
concentrations (Fig. 3). Increased glucose 
concentration in the blood leads to glycation of 
haemoglobin which may induce the production of 
reactive oxygen species. An increasing pattern of 
glycation was observed on the incubation of 
haemoglobin with the increasing concentration of 
glucose (2mg, 10mg, and 20mg) over a period of 
72hr. 

 

 
 

Fig. 1. Haemoglobin glycation with three glucose concentrations at 24hr time period 
 

 
 

Fig. 2. Haemoglobin glycation with three glucose concentrations at 48hr time period 
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Fig. 3. Haemoglobin glycation with three glucose concentrations at 72hr time period 
 
3.3 Glucose Adsorption Capacity  
 
The glucose adsorption capacity of spine, shell, 
and tissue protein extracts from Stomopneustes 
variolaris was increased with the increasing 
concentration of glucose. It was observed that all 
the protein extracts of Stomopneustes variolaris 
showed similar Glucose Adsorption Capacity at 
100mm and 5mm glucose concentration. At 
10mm glucose concentration, the Glucose 
Adsorption Capacity of Stomopneustes variolaris 
spine, shell, and tissue protein extracts were 
reported as 6.436±0.09, 7.99±0.11, and 
9.67±0.11 respectively. Whereas at 20 mm 
glucose, the Glucose Adsorption Capacity was 
reported as 10.143 ± 0.06, 8.804±0.02 and 
16.490±0.06mg/dl for the spine, shell, and tissue 
protein extracts respectively. All the tested 
protein extracts show maximum glucose 
adsorption capacity was observed at 10 and 
20mm glucose concentration. The IC50 values 
for the spine, shell, and tissue protein extracts of 
Stomopneustes variolaris were measured as 
71.401, 59.664 and 140.704 mm respectively.  
 
These results illustrate that the Glucose 
Adsorption Capacity was depended on the 
glucose concentration. The Glucose Adsorption 
Capacity of all the Stomopneustes variolaris 
protein extracts was significantly (<.0005) 
increased with increasing glucose concentration. 
The protein extracts of Stomopneustes variolaris 
spine, shell, and tissue show a strong positive 
correlation such as r = 0.9930, r = 0.9931 and r = 
0.9969 correspondingly with increasing glucose 
concentration. The shell protein extracts show a 
more positive correlation of Glucose Adsorption 

Capacity (r = 0.9969) when compared to the 
Glucose Adsorption Capacity of the spine, and 
tissue in response to increasing glucose 
concentration. The results were shown in      
Table 1.  
 
The present results demonstrated that the tested 
protein extracts possess a captivating glucose 
adsorption capacity. Furthermore, all the extracts 
show a positive correlation of glucose adsorption 
capacity with the glucose concentration. A similar 
observation was reported by Bhutkar and Bhise 
[24], the adsorption capacity of the extracts of 
Albizzia lebbeck and Mucuna pruriens show a 
direct relationship to the glucose concentration. 
Invitro and Invivo studies of Chau et al., [25] 
demonstrated that the density of soluble 
polysaccharides causes late glucose absorption 
by gastrointestinal cells. El Barky et al., [26] has 
been reported that the saponins content in the 
sea cucumber acts as an antidiabetic agent. 
 
3.4 Effect of Extracts on Physiological 

Haemoglobin Glycation 
 
The spine protein extracts of Stomopneustes 
variolaris exhibit the highest (86.19 ± 0.28) 
inhibition percentage of physiological 
haemoglobin glycation at 40mg/ml glucose 
concentration. Whereas, at 1mg/ml glucose 
concentration the inhibition percentage of 
physiological haemoglobin glycation by spine 
protein extract was reported as 78.56±0.30. The 
protein extracts of Stomopneustes variolaris shell 
and tissue have no activity at 1mg/ml glucose. 
Whereas, at 40mg/ml glucose concentration, 
inhibition percentages of shell and tissue extracts 
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were found as 26.45± 0.64 and 70.76±0.70 
respectively. The IC50 values of spine, shell and 
tissue protein extracts were calculated as 
10.089, 50.696 and 15.382 mg/ml 
correspondingly for the inhibition percentage of 
physiological haemoglobin glycation. The results 
have been shown in Table 3.  
 
These results demonstrated that the inhibition 
percentage of physiological haemoglobin 
glycation depended on the glucose 
concentration. Among all the protein extracts 
spine show a strong negative correlation (r = -
0.1331) with increasing glucose concentration. 
Whereas, protein extract of shell (r = 0.80951) 
and tissue (r = 0.89937) shows positive 
correlation. The inhibition percentages of shell 
and tissue show a moderate positive correlation 
(r = 0.3223) and moderately negative correlation 
(r = -0.3767) respectively when compared to the 
inhibition percentages of spine extract. 
Furthermore, the tissue extracts show a positive 
correlation (r = 0.7377) when compared to the 
shell protein extracts.  The results have been 
shown in Table 4. 

The present results were found to be collinear 
with those of Karimabad et al., [27] who reported 
that the extracts of Citrullus colocynthis 
significantly inhibited the formation of glycated 
haemoglobin with increasing time under 
hyperglycemic conditions. In the management of 
diabetes proper attention has been given to the 
increased blood glucose concentration. Because 
it can bind to the haemoglobin which may result 
in the formation of the reactive oxygen species 
[28]. In vivo, the occurrence of this process 
contributes to the elevated plasma peroxides 
found in diabetics complication and may 
contribute to protein modification reactions 
perform with glucose in vitro. Thus, with the high 
level of glucose in the blood, erythrocytes have 
become important in the pathophysiologic 
mechanisms in diabetics as shown from several 
abnormal features demonstrated for red cells              
of diabetes mellitus patients [14]. Mathur et al., 
[29] stated that several natural bioactive 
compounds exhibit significant therapeutic 
potentials against diabetes and related diseases 
by inhibiting the protein glycation such as 
haemoglobin glycation. 

 
Table 1. Effect of glucose adsorption capacity of Stomopneustes variolaris spine, shell and 

tissue protein extracts on different glucose concentrations 
 

S/N Glucose Conc. (mm) Glucose adsorption capacity mean ± Std (mg/dl) 
Spine  Shell Tissue 

1 5 4.491±0.08 4.304±0.017 4.721±0.051 
2 10 6.436±0.09 7.993±0.116 9.669±0.111 
3 20 10.143±0.06 8.804±0.020 16.490±0.063 
4 50 54.166±0.92 57.999±0.310 57.694±0.53 
5 100 133.118±0.75 133.394±0.096 133.650±0.56 

 
Table 2. Correlation of glucose adsorption capacity of Stomopneustes variolaris spine, shell 

and tissue protein extracts on different glucose concentrations 
 
 Glucose Conc. (mm) Tissue Spine Shell 
Glucose Conc. (mm) 1    
Tissue 0.993095 1   
Spine 0.993183 0.999381 1  
Shell 0.996886 0.999116 0.998493 1 

 
Table 3. Effect of Stomopneustes variolaris protein extracts on inhibition physiological 

haemoglobin glycation with increasing glucose concentrations 
 

S/N Glucose Conc. 
(mg/ml) 

Inhibition of physiological Hb glycation mean ± Std (%) 
Spine Shell Tissue 

1 1 78.56±0.3 0 0 
2 10 56.46±0.24 0 0 
3 20 3.48±0.2 8.51±0.47 61.52±0.55 
4 30 5.33±0.09 3.38±0.53 56.63±0.56 
5 40 86.19±0.28 26.45±0.64 70.76±0.7 
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Table 4. Correlation of Stomopneustes variolaris protein extracts on inhibition of physiological 
haemoglobin glycosylation with increasing glucose concentrations 

 
 Glucose Conc. (mg/ml) Spine Shell Tissue 
Glucose Conc. (mg/ml) 1    
Spine -0.133119929 1   
Shell 0.809511439 0.322304 1  
Tissue 0.899379331 -0.3767 0.737744 1 

 

3.5 Effect of Extracts on in-vitro Glucose 
Diffusion  

 

The spine protein extract of Stomopneustes 
variolaris (37.26 ± 0.4) showed the highest 
percentage of Glucose Dialysis Retardation 
Index (GDRI) at a 30min incubation period. At 
the 240min incubation period, the GDRI by spine 
protein extract was reported as 1.64±0.04. The 
GDRI percentage of shell and tissue protein 
extracts of Stomopneustes variolaris were 
observed as 31.62±0.52 and 35.84±0.37 
respectively at a 30min incubation period. 
Whereas, at 240min incubation period the GDRI 
percentage of shell and tissue protein extracts of 
Stomopneustes variolaris were observed as 
1.34±0.05 and 1.67±0.04 respectively. The 
results of the %GDRI have been shown in Table 
5. These results suggested that the percentage 
of GDRI was significantly (<.0005) decreased 
with the increasing time incubation periods. All 
protein extracts from the spine, shell, and tissue 
of Stomopneustes variolaris shows strong 
negative correlation such as r = -0.91447, r = -
0.92543, and r = -0.92773 correspondingly with 
increasing time incubation. The shell protein 
extracts show (r = 0.997522) a more positive 
correlation when compared to the spine extracts. 
Furthermore, the % GDRI of tissue shows a 
strong positive correlation such as (r = 0.999053) 
and (r = 0.996462) when compared to the % 
GDRI of spine and shell extracts respectively. 
The results have been shown in Table 6. 
 

GDRI measures the invitro index for the 
detainment of glucose absorption in the 
gastrointestinal tract by the extract [30]. The 
greater GDRI value suggests a higher glucose 
retardation index. Bailey, [31] stated that the 
retardation of glucose diffusion may cause by the 
inhibition of sugar hydrolysing enzymes such as 
α-amylase with the extracts and delay the 
glucose liberation from the starch thereby 
decrease glucose absorption and finally reduce 
the blood glucose levels. The present results 
demonstrate that the inhibition of α-amylase 
enzyme may be one of the probable mechanisms 
of Stomopneustes variolaris protein extracts for 
exerting their hypoglycemic effect.  

3.6 Effect of Extracts on Glucose Uptake 
in Yeast Cells 

 
The transport mechanism of glucose through the 
yeast membrane has become an attractive 
method to evaluate the hypoglycemic effect of 
several bioactive compounds under in vitro 
conditions. In the present study, it was found that 
the protein extracts of Stomopneustes variolaris 
spine, shell and tissue showed 46.4±0.25, 
28.41±0.125 and 40.09±0.4% respectively. 
Among all the protein extracts spine shows a 
higher percentage of glucose uptake in yeast. 
The results have been shown in Fig. 4. The in 
vitro assays of the present study indicated that 
the protein extracts of Stomopneustes variolaris 
possess good anti-diabetic activity.  
 
These findings are supported by the findings of 
Pulivarthi et al., [32], who demonstrated that the 
methanolic leaf extract of A. reticulata enhances 
glucose absorption across the yeast cell 
membrane by 48.55%, indicating a substantial 
antidiabetic potential. The treatment of yeast 
cells with the Stomopneustes variolaris protein 
extracts, the glucose uptake was increased than 
the standard drug metformin. Illiano and 
Cuatrecasas, [33] reported that the sugar 
transportation across the membrane of yeast cell 
is though the facilitated diffusion which is 
mediated by the stereospecific membrane 
carriers. Teysink et al., [34] reported that the 
facilitated carriers transport the solutes from high 
concentration to low concentration. Hence, 
effective glucose transport is achieved, when the 
cell has low glucose concentration. The data 
obtained from the present studies reveal that            
the protein extract of Stomopneustes variolaris 
spine effectively enhances glucose uptake by 
yeast and induces the effective glucose 
utilization, thus regulating the glucose levels in 
the blood. 
 
3.7 α- Amylase Inhibitory Assay 
 
The carbohydrate digestion in the intestine is 
mediated by the hydrolytic activity of pancreatic 
α-amylase. Hence, researchers focus on the α-
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amylase activity for in-vitro evaluation of the 
hypoglycemic effect of bioactive compounds. The 
in-vitro α-amylase inhibitory studies 
demonstrated that Stomopneustes variolaris 
spine, shell and tissue protein extract show 
significant anti-diabetic activity. The in-vitro α-
amylase inhibitory activities of Stomopneustes 
variolaris spine, shell, and tissue protein extracts 
were observed as 51.11±0.79%, 41.81±0.31%, 
and 27.6±0.27% correspondingly (Fig: 5).   
 
The current findings of α-amylase inhibition were 
strongly associated with the studies of Kifle et al., 

[35] who reported that the ethyl acetate extract of 
H. abyssinica exhibits significant α-amylase 
inhibitory activity with an IC50 of 52.11 µg/ml. 
Roux et al., [36] reported that the decreasing of 
postprandial hyperglycemia is due to the 
inhibition of α-amylase in diabetic patients. Hara 
and Honda [37] suggested that diabetes is 
effectively controlled by the inhibition of α-
amylase activity in the gastrointestinal tract of 
humans and thereby reduces the absorption of 
simple sugars. Hence, diabetic patients need to 
maintain low levels of α-amylase to regulate their 
blood glucose levels. 

 
Table 5. Effect of Stomopneustes variolaris protein extracts on in-vitro glucose diffusion 

(%GDRI) with increasing incubation times 
 

S/N Incubation time 
(min) 

Glucose dialysis retardation index mean ± Std (%) 
Spine Shell Tissue 

1 30 37.26±0.4 31.62±0.52 35.84±0.37 
2 60 21.05±0.2 19.87±0.13 20.72±0.12 
3 120 9.27±0.12 7.67±0.12 10.53±0.14 
4 180 3.67±0.07 2.98±0.04 4.02±0.08 
5 240 1.64±0.04 1.34±0.05 1.67±0.04 

 
Table 6. Correlation of Stomopneustes variolaris protein extracts on in-vitro glucose diffusion 

(%GDRI) with increasing incubation time 
 

 Incubation time (min) Spine Shell Tissue 
Incubation Time (min) 1    
Spine -0.91447 1   
Shell -0.92543 0.997552 1  
Tissue -0.92773 0.999053 0.996462 1 

 

 
 

Fig. 4. Percentage of glucose uptake in yeast cells by protein extracts of S. variolaris spine, 
shell and tissue 
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Fig. 5. α-Amylase inhibitory activity of Stomopneustes variolaris spine, shell and tissue protein 
extracts 

 
4. CONCLUSION 
 
The present study provides scientific evidence 
that S. variolaris can be used to treat diabetic 
symptoms. The diabetic properties of S. 
variolaris was assessed by in-vitro approaches 
such as effect of haemoglobin glycation, %GDRI, 
Glucose uptake by yeast cells and inhibition of 
alpha amylase. The observations of invitro 
studies concluded that S. variolaris protein 
extracts inhibit the haemoglobin glycation, 
thereby reduce the glycated product formation. 
The results of GDRI suggests that the glucose 
diffusion retardation is by delaying the glucose 
liberation from the starch thereby decrease 
glucose absorption and finally reduce the blood 
glucose levels. The invitro studies of glucose 
uptake revealed that S. variolaris protein extracts 
increase a substantial amount of glucose uptake 
by the yeast cells. All the results of invitro assays 
in the current study showed that the protein 
extracts of S. variolaris possess good 
antidiabetic activity. The present investigation 
has also opened a way for future research to 
develop potent formulation of drugs for diabetes. 
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Abstract:  
 

            Bird migration is an amazing natural phenomenon that fascinates scientists, bird lovers, and 

environmentalists alike. A significant migratory hotspot, Kondakarla Ava Lake near Visakhapatnam, a coastal 

city in the Indian state of Andhra Pradesh, draws a variety of bird species from all over the world. 
  

        Each year, Kondakarla Ava Lake witnesses the arrival of migratory birds during the winter months, 

creating a unique spectacle of biodiversity. These birds traverse long distances, crossing geographical 

boundaries and ecological barriers, to seek favorable breeding and feeding grounds.  

 

            The ecological ramifications of migrating bird populations in Kondakarla Ava Lake are extensive. These 

avian guests are essential to preserving the delicate ecosystems' equilibrium in the area. They contribute to the 

reduction of pest populations and the improvement of nutrient cycling in wetlands and water bodies by eating 

fish, aquatic plants, insects, and other animals. Additionally, their excretions act as organic fertilizers, 

improving the soil and encouraging the growth of plants. As a result, migrating birds greatly contribute to the 

general stability and health of the environment in the area. 

 

            The survival of migrating birds in Kondakarla Ava Lake is threatened by a number of factors 

notwithstanding their significance. Significant threats to their wellbeing include deforestation, habitat 

degradation, pollution, climate change, and illegal hunting. Additionally, as urbanization and human activities 

spread, migratory species have less secure places to stop and feed because of the disruption to their natural 

habitats. Given these difficulties, conservation initiatives are essential to protect the migratory bird 

populations in Kondakarla Ava Lake.  

 

    Keywords: Coastal city, Geographical boundaries, Ecological barriers, Conservation, Illegal hunting. 
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Introduction:  
 

             The Kondakarla Awa Lake, being a unique ecosystem, upon which several thousands of families are 

dependent for their livelihood, needs urgent conservation measures Chourey, (2001) for protecting it from the 

threats of pollution, siltation, eutrophication and encroachments. As per my study has indicated that the major 

wetlands harbor substantial biodiversity, provide habitats at times for several species of conservation 

importance and are ecologically sensitive and valuable. So these wetlands should b protected as per the 

stipulations of Wetlands (Conservation & Management) Rules-2010. A strategy for sustainably and wisely 

using them whilst ensuring their entire ecosystem structure, functions and services should be identified and 

executed. Many fishermen indulge in poaching of birds and other wild life wherever available. They are 

unaware of the importance of such species. Awareness programmes have to be initiated to address this issue. 

Programmes with stakeholder participation should be formulated to protect such wetlands. 

 

Study Area: 

               Kondakarla Ava wetland, a natural freshwater lake (stretches between latitudes    

17o35‟30” and 17o 36‟02” N longitudes; 82o 59‟27” and 83o 01‟02” E) of Visakhapatnam district, 

Andhra Pradesh, India. The Kondakarla Awa Lake is a part of the Sarada riverine system and is 

classified as a perennial, warm, a euphotic, shallow, polymitic, eutropic fresh water lentic body. 

The wetland is named after a village, “Kondakarla”, abutting thelake. For the natives, the 

wetland is a livelihood source, while for the nearby towns and city people it is a getaway 

famous for avian diversity. During the British period one of the famous tourist place in Andhra 

Pradesh. 
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Methodology: 
 

               Bird survey was conducted, when the birds are most active during day from 06:00 to 9.30  hrs and 

from 16:00 to 19:00 hrs. Field visits have been conducted weekly once in all three  

seasons and habitat wise (Xu Hanqiu, 2006). Opportunistic observations were made during other timings and 

species recorded during these observations included in the checklist. The birdlife in the study area were 

documented by direct observations, random walks and opportunistic encounters following Agardi, T.,et al 

2005.  Identification manuals and field guides by Balasubramanian, P., et al 2004 and Rahmani, A.R., et al 2009 

were used during survey. Common and scientific names of the birds following   Buckton, S., 2007 and COP 11, 

2012 were adopted. The birds were categorized as Resident (R), Migratory (M), Aquatic (A) and Terrestrial (T) 

as per Balachandran, S., 2006 and Xu Hanqiu, 2006.   All the birds species recorded during the present study were 

tabulated giving their scientific name, family, IUCN (2022) status & legal status if any. Abundance of the 

recorded species are documented based on the total sightings during the study period as common (more than 

10 sightings), uncommon (3-5 sightings), and rare (1-2 sightings). The checklist of species with their status was 

given.  The numbers of migratory birds are maximum during December, January and starts reducing from 

February onwards. 
 

Results:  

           Towards improvement of birds habitat, mounds and bunds are planted with  tree species such as Acacia 

nilotica (Babul), Azadirachta   indica (Neem),  Tamarindus indicus (Tamarind/Imli) Prosophus sps, Ficus glomerata, 

Ficus benghalensis,Phoenix sylvestris (Wild date palm), Sygium cumini, Pongamia  pinnata,  Samania saman,, 

Calophyllum sps. Mimusops elegi etc., for roosting and nesting of the wetland birds like Pelicans, Painted storks, 

Herons, Egrets,  Cormorants, etc. Artificial perches with logs of wood, bamboo have been provided as vantage 

points for diving birds like Kingfisher, Darters, and Raptors etc. 
 

Table.-1. Overall season wise variations of small wading bird density (No./ha)  

                  recorded   from January 2021 to December 2022. (Values are Mean ± SE). 
 

 

S.No 

 

 
Small Wading birds 

 

Seasons ( January 2021 - December 2022 ) 

Pre-Monsoon Monsoon Post-Monsoon Summer 

1 Pelecanus onocrotalus 0.2±0.12 14.02±7.42 19.7±11.20 0 

2 Halcyon smyrnensis 37.2±6.98 27.5±7.68 59.7±27.15 13.5±2.68 

3 Fulica atra 5.1±3.48 12.3±8.51     7.1±5.28 0.04±0.03 

4 Bubulcus ibis 3.5±0.75 0.2±0.18 15.2±12.86 0 

5 Microcarbo niger 0 2.4±0.82 0 0.5±0.67 

6 Marsh sandpiper 35.0±0.58 26.1±0.52 58.2±20.9 0 

7 Columba livia 4.2±2.52 0.4±0.73 10.2±6.84 0 

8 Vanellus indicus 5.8±5.01 3.1±1.14 1.9±0.8 1.02±1.05 

9 Ardeola grayii 18.7±4.56 19.7±6.42         12.9±3.8 24.4±3.72 

10 
Alcedo atthis 

1.4±0.48 0.3±0.13 3.5±2.78 0.1±0.20 
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Table.-2. Overall season wise variations of small wading birds density, diversity and           richness recorded 

from January 2021 to December 2022. (Values are Mean ± SE). 

 

S. No Small wading  birds Pre-monsoon Monsoon Post-monsoon Summer 

1 Density (No./ha) 77.3±08.23 63.5±22.54 152.4±59.58 44.2±9.64 

2 Diversity (H) 0.08±0.007 0.06±0.002 0.04±0.008 0.04±0.003 

3 
Richness(No. of species) 

5.1±0.56 3.8±0.47 3.2±0.78 2.5±0.45 

Table- 3. Analysis of variance showed the impact of season in relation to density, diversity                                      and richness of small 

wading birds studied from January 2021 to December -2022. 

 

S. No Small wading birds Sum of Squares df Mean Square F      p 

1 Density  (No./ha) 281.458 4 78721.875 3.597 0.028 

2 Diversity  (H’) 0.007       4 0.005 2.23 0.089 

3 Richness  (No. of species) 48.578 4 20.505 2.781 0.01 

 

January, 2021 to December, 2022 a total of ten species were reported for plover and sandpiper. The 

monsoon period (27.5±7.68/ha.) and pre monsoon period (37.2±6.98/ha.) Halcyon smyrnensis to have 

highest density Pelecanus  onocrotalus  and Vanellus indicus presence was found in all the seasons for both 

years. From the 10 species, the Marsh sandpiper was recorded only during the January, 2021 to December, 

2022 period  the value of 58.2±20.9 /ha of post- monsoon period. Microcarbo niger was not spotted during 

this period. All the ten species were the birds sighted in the period of January, 2021 to December, 2022. 

During the monsoon period the overall bird density was noted maximum during  period January, 

2021 to December, 2022 (112.3±48.52and 196 .12±54.247/ha.). Highest diversity was at monsoon 

period of two years. Bird species richness was maximum during the monsoon period of first year 

and pre-monsoon period of the second year. The diversity, species, and density, varied significantly 

between the years and among the seasons (P<0.05). 
 

DISCUSSION: 

This study records ten species of coastal birds i.e. plover and sandpipers in the Kondakarla Ava 

wetland during 2021-2022. This is a remarkable finding among inland wetlands of India. Insufficient 

invertebrate prey in the coastal wetlands compels the shorebirds to shift their habitat and forage on 

inland wetland habitats. Inland wetlands provide the energetic demands of coastal birds; enable them to 

build up nutrient reserves for their breeding activities (Almeida et al. (2021). Loss of invertebrate prey 

species in the coastal wetlands maybe due to degradation of coastal wetlands by increase in 
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anthropogenic pressure, such as conversion of mudflats for aquaculture practices, agricultural purposes, 

and other human activities (Bharatha Lakshmi, B., 2006 & 2008). This progressive loss, lead to the use of 

new habitats (Rio Conference, 2012). Hence, shifting of water birds, from one habitat to another habitat, 

could be due to the decline in preferred resources (Wilen, B.O., et al., 2004). 
 

Density dependent factor also drives the birds to shift their habitat (Xu Hanqiu, 2006.). Species when 

unable to respond to fluctuating intertidal food supplies, supplement their diet with prey, from non- 

intertidal habitats i.e., inland wetlands. Prey populations might be lower in quality, availability or 

abundant nature in these habitats than on intertidal habitats, and hence, their use might indicate, changes in 

the intertidal system, such as, declining or varying prey populations (WHO (2022). 

The monsoon season reports highest bird density, diversity, and species richness. Birds use the 

wetlands frequently, during winter season (Van Eeden et al. (2020). The prey, is the main resource, for 

utilization of wetland habitats (Holmes et al. (2019), which is abundant during winter season in inland 

wetlands. The quality of habitat through enriching of prey, and other environmental factors determines 

the shifting of foraging grounds by water birds and shorebirds during winter season (NASA FIRMS 

(2022). 
 

Conservation implications 

The present study shows that, the shorebirds shift their feeding ground, from coastal mud flats to 

inland wetlands. Balachandran (2006) reported, the shorebirds population has declined in east-coast and 

they shift to nearby wetlands, agricultural and inland wetlands. In conservation planning, it is important 

to understand, habitat switches, its causes, and implications, for species of birds. 
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Abstract: The proposed planer layer dynamo physical model has real-world applications, especially
in the Earth’s liquid core. Thus, in this paper, an attempt is made to understand the finite amplitude
convection when there exists a coupling between the Lorentz force and the Coriolis force. In particular,
the effect of a horizontally applied magnetic field is studied on the Rayleigh–Bénard convection
(RBC) that contains the electrically conducting fluid and rotates about its vertical axis. Free–free
boundary conditions are assumed on the geometry. Attention is focused on the nonlinear convective
flow behavior during the occurrence of cross rolls which are perpendicular to the applied magnetic
field and parallel to the rotation axis. The visualization of cross rolls is achieved using the Fourier
analysis of perturbations up to the O(ε8). The relationship of the Nusselt number (Nu) with respect
to the Rayleigh number (R), the Ekman number (E), and the Elsasser number (Λ) is investigated. It is
observed that E generates a strong damping effect on the flow velocity and on the heat transfer at
high rotation rates. Using the heatline concept, it is observed that the temperature within the central
regime is enhanced as the Λ increases. The results show that either E decreases or Λ increases, then
the heat transfer rate increases.

Keywords: nonlinear convection; earth’s liquid core; electrically conducting fluid; planar layer
dynamos; cross rolls

1. Introduction

In astrophysical and geophysical models related to the Sun, stars, and the outer core of
Earth, the convection is affected by both the Coriolis and Lorenz forces. Such a rotating mag-
netoconvection model with Boussinesq approximation has been studied by many authors,
for example, Chandrasekhar [1], Roberts [2], and Cox and Matthews [3], etc. The linear
stability analysis of this model shows the system is unstable with respect to either stationary
convection or oscillatory convection and depends on the governing physical parameters,
namely, Rayleigh number (R), Chandrasekhar number (Q), Taylor number (Ta), thermal
Prandtl number (Pr), and magnetic Prandtl number (Pm) or Roberts number. Most of the
experimental studies on Rayleigh–Bénard convection (RBC), rotating Rayleigh–Bénard
convection, magnetoconvection, and rotating magnetoconvection (RMC) have focused on
heat transfer laws. When the control parameter R exceeds its critical value, a cellular regime
of steady convection starts to appear. In addition, the motion increases its intensity but
remains laminar and steady for a large range of values of R, followed by unsteady turbulent
convection. Finite amplitude cellular convection with better approximate solutions has
been studied for RBC by Malkus and Veronis [4] and Kuo [5].
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In RBC with Ta 6= 0 and Q 6= 0, the critical R (= Rc) remains approximately a con-
stant until Q reaches a certain value. When Q increases further, Rc starts to decrease,
reaches a minimum and again starts to increase (Chandrasekhar, [1]). Braginsky [6] also
studied these rotating magnetic systems and stressed the importance of the Archimedean,
magnetic, and Coriolis forces. He revealed that these forces, together with the pressure
gradient, would determine the dynamic balance and inertial forces. Eltayeb [7] considered
the linear stability analysis to analyze the convection in the hydromagnetic rotating layer.
He observed when the principle of exchange of stabilities is valid, four different mod-
els can be classified based on the relative directions of the constant magnetic field, B0
and Ω, (B0, Ω) namely, (vertical, vertical); (horizontal, vertical); (horizontal, horizontal);
(vertical, horizontal) and also for different types of boundaries. The numerical results
indicated that the asymptotic dependence of Rc on Ta and Q are equal and independent
of the nature of the boundary conditions considered. Later, Eltayeb [8] extended his pre-
vious model [7] to study the convective motions near the onset of oscillatory convection.
He classified three different motions near the onset, namely: (i) Ta > Q, the results for the
rotating non-magnetic case, which are retained to leading order; (ii) Q > Ta, the results are
similar to those for the magnetic non-rotating case to leading order; and (iii) Ta and Q are
of same order, the minimum temperature gradient required for the instability is greatly re-
duced. When these solutions were examined in detail, it was observed that the motions that
follow the onset of instability depended primarily on the electrical conductivity rather than
on the kinematic properties of boundaries. In addition, in the leading order, the boundary
conditions to be applied to the mainstream solutions depended on the conductivity of the
boundary but not on the no-slip conditions. When either of the magnetic field or rotation
were dominant, there was a possibility of the occurrence of two-dimensional motion. In
this case, the Taylor–Proudman theorem was satisfied, while when both magnetic field and
rotation were influential, this theorem was no longer valid and the motions were essentially
of three-dimensional in nature.

The important laboratory experiments on RBC, rotating RBC and magnetoconvection
RBC using the liquid gallium (Pr = 0.025) as the working fluid have been carried out
by Aurnou and Olson [9]. The properties of liquid gallium are similar to those of the
liquid iron in the Earth core. The studies of magnetoconvection have vast industrial
applications too [10,11]. The Rc for the magnetoconvection is experimentally determined
as a function of Q and Ta. At low rotation rates, the Rc increases linearly with magnetic
field intensity. At moderate rotation rates, coherent thermal oscillations were detected by
Aurnou and Olson [9] near the onset of convection. These experimental results at the onset
were compared with the theoretical predictions of Chandrasekhar [1]. In nearly all of the
experimental results, it was mentioned that no well-defined steady convective regime was
found. Instead, unsteady or turbulent convection was detected just after onset. Later, these
experimental predictions were reproduced by using direct numerical simulations near the
onset (Rani et al. [12]). These simulations showed the occurrence of interesting cell patterns.
The most relevant geodynamo models were given by Roberts and Jones [13], who extended
the model of Braginsky [14] with two sets of boundary conditions.

The present nonlinear convection problem is studied based on the plane layer model
proposed by Roberts and Jones [13]. In astrophysics and even in planetary physics, the
model considered by Roberts and Jones [13] is yet sufficiently close to reality and is, really,
heuristic. This model is very convenient for laboratory experiments, too, which have not
yet been done. The linear planer layer dynamo model was considered by Roberts and
Jones [13] with the limiting case of Prandtl number tending to infinity. This limiting case
enabled the removal of the inertial terms and thus the resultant linearized equation of
motion filtered the fast-inertial modes and Alfven waves. The main reason for considering
this limiting case was that it simplified the analysis considerably and could able to exhibit
an amazingly rich structure. The other motivation was that it is an important limit for
geodynamo modelling, in which fast modes are believed to be relatively unimportant.
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In the linear stability analysis of the planer layer problem [13], the effect of physical
parameters such as E, Λ, R, and q have been thoroughly studied for the occurrence of
parallel rolls, cross rolls, and oblique rolls at the onset of convection. In general, E and q� 1
represent the geophysical models but with these values, it is very difficult to simulate these
models and obtain the converged results. This difficulty can be overcome by using one of
the approximate methods, such as weakly nonlinear analysis, which yields comparable
results with the experimental observations. This method of weakly nonlinear analysis
was applied for the Braginsky [14] model by Roberts and Stewartson [15] near the onset
of oscillatory convection using the small finite amplitude equations. Further, they have
analyzed the linear stability analysis of the cubic and cubic-quintic amplitude equations.
These amplitude equations are valid only when R is close to the Rc. In addition, the
nonlinear analysis proposed by Malkus and Veronis [4] is valid when the R is near the
threshold Rc. Later Kuo [5] proposed a different nonlinear approach, which is valid even
for large values of R. The advantages of this approach are that the solutions are found to be
valid even for a large range of the imposed temperature differences across the fluid layer
and also the rapid convergence of solutions. This solution provides a quantitative theory
for the convective heat transport as a function of the temperature difference in the range of
laminar flow. Using this approach by Kuo [5], Rameshwar et al., [16], have studied the finite
amplitude cellular convection in RBC under the influence of a vertical magnetic field and
analyzed the magnetohydrodynamics (MHD) of electrically conducting fluid. Linear and
nonlinear properties of thermohaline convection at the onset with the stress-free boundary
conditions were investigated using perturbation analysis relevant to oceanic water and
groundwater by Rawoof Sayeed and Rameshwar [17]. The stationary and oscillatory
finite amplitude convections of a binary mixture with a porous medium were thoroughly
investigated by Rameshwar et al., [18,19]. Baklouti et. al. [20] studied the dynamics of
incompressible homogeneous turbulence by numerical simulations. Gupta et. al. [21] have
analytically examined the effect of rotational speed modulation on the onset of magneto-
thermal convection.

The extension studies related to geodynamo models proposed by Eltayeb [7,8], Roberts
and Jones [13], and Jones and Roberts [22] have been studied by Šoltis and Brestenský [23].
The authors Šoltis and Brestenský [23] studied the influence of anisotropic diffusive coeffi-
cients (thermal diffusion and viscosity) on marginal stability of the horizontal fluid planar
layer rotating about the vertical axis and permeated by a horizontal homogeneous magnetic
field. The linear stability analysis was thoroughly investigated by the authors for two dif-
ferent types of anisotropic diffusive coefficients. This model was further extended to study
the linear stability of the model of rotating magnetoconvection in the horizontal planar
layer dynamo by Filippi et al. [24], which is influenced by three anisotropic diffusivities,
such as viscosity, thermal diffusivity, and magnetic diffusivity.

In the present study, the nonlinear analysis was employed as proposed by Kuo [5]
to study the behavior of cross rolls of electrically conducting fluid in a rotating magnetic
system, given by Roberts and Jones [13]. Thus, the objectives of the present problem were
as follows:

• Investigate theoretically the nonlinear behavior of cross rolls which occur in the
vertically rotating Rayleigh–Bénard convective system of planar layer of electrically
conducting fluid in the presence of horizontal magnetic field;

• Solve the nonlinear partial differential equations using the perturbation method pro-
posed by Kuo [5], until the O(ε8) and obtain the approximate solutions;

• Obtain the combined effect of Lorenz and Coriolis forces with stress-free boundaries;
• Find the local (NL) and average (Nu) Nusselt numbers on the hot wall to understand

the development of heat flow and the rate of heat transfer, respectively;
• Obtain the cellular pattern of the fluid flow (streamlines) and hot regions (isotherms)

from the eigenfunctions related to stream function and temperature, respectively;
• Study the heatline patterns of the flow by using the heat function.
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The novelty of the present work is the study of finite amplitude cellular convection
when the stationary convection exists as a first instability. The dynamical behavior of the
system depends on the type of instabilities that occur in that system. Interesting convective
instabilities occur near the onset of convection which is analyzed from the linear stability
analysis. At the onset of convection, the system is unstable to either stationary convection
(at least one eigenvalue vanishes) or oscillatory convection (an eigenvalue with a purely
imaginary part) as a first instability. When an eigenvalue vanishes the principle of exchange
of stabilities occurs. In other words, a new steady state replaces the stable motionless
state of the fluid. When stationary convection exists, the continuous release of potential
energy is balanced by the viscous dissipation of mechanical energy and the convection
always occurs in a fairly regular pattern. The results from the linear stability analysis
of Roberts and Jones [13] show the occurrence of the modes such as parallel rolls, cross
rolls, and oblique rolls based on the wave numbers. Only stationary convection exists as a
first instability when the parallel rolls occur, but for the modes of cross rolls and oblique
rolls, both stationary convection and oscillatory convection can occur as a first instability
depending on the physical parameters. A detailed investigation of the linear stability
analysis of the present physical model has been studied by Roberts and Jones [13]. Hence,
the nonlinear dynamical behavior of the present considered physical model is investigated
when stationary convection exists.

In Section 2, the basic governing equations that are considered by Roberts and
Jones [13] are presented. The linear stability analysis is discussed in Section 3 to ob-
tain critical Rayleigh numbers for steady cross roll modes. The nonlinear solutions for the
field variables are presented in Section 4. In Section 5, the local Nusselt number (NL) and
average Nusselt number (Nu) are discussed. The distortion of streamlines and isotherms is
discussed in Section 6. The heat flow visualization is discussed in Section 7. Finally, the
conclusions are presented in Section 8.

2. Mathematical Model

In the present study the fluid with uniform density confined in an infinite horizontal
layer was considered. It was assumed that the whole configuration rotates about the vertical
axis (OZ) with angular velocity ~Ω(= Ω~1Z) in the presence of a uniform gravitational
field ~g (= g~1Z) and the uniform magnetic field ~B(= B0~1X) applied in the horizontal
direction where~1X is the unit vector along the X-axis and~1Z is the unit vector along Z-axis.
The Prandtl number is assumed to be large, so as to ignore the inertial forces in the
momentum equation in comparison to the Coriolis force [13]:

2~Ωρ0 × ~V ′ = −∇′P′ + ~J ′ ×
~B′

µm
+~gαρ0 T

′
+ µ∇′2 ~V ′ , (1)

∂~B′

∂t′
= ∇′ × (~V ′ × ~B′) + η∇′2~B′ , (2)

∂T
′

∂t′
+ ~V ′ · (∇′T′) = κ∇′2T

′
, (3)

∇′ · ~V ′ = 0, (4)

∇′ · ~B′ = 0, (5)

where P′ includes the centrifugal force, ~J ′ = ∇′ × ~B′ is the electric current density, and
other notations are given the nomenclature.
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We non-dimensionalized the Equations (1)–(5) using the corresponding length, time,
velocity, temperature, magnetic field, and pressure scales as d, d2

η , η
d , βd, B0, and 2Ωρ0η,

respectively.
Therefore, the non-dimensional governing equations are [13]:

~1Z × ~V = −∇P + Λ~J × ~B + qR T~1Z + E∇2~V, (6)

∂~B
∂t

= ∇× (~V × ~B) +∇2~B, (7)

∂T
∂t

+ ~V · (∇T) = q∇2T, (8)

∇ · ~V = 0, (9)

∇ · ~B = 0, (10)

where R = βgαd2/2Ωk is the modified Rayleigh number, which measures the ratio of
buoyancy force to Coriolis force, E = ν/2Ωd2 is the ratio of viscous and Coriolis forces,
Λ = B2

0/2Ωηµmρ0 is the ratio of magnetic force and Coriolis force, and q = κ/η is the
ratio between the thermal and magnetic diffusivities (the Roberts number). For the static
solutions from Equations (6)–(10), we obtain

~Vs ≡~0, ~Bs =~1X , Ts = −Z. (11)

After introducing the following perturbed quantities in the above static solutions,
we obtain

~V = ~Vs + ~V∗, ~B = ~Bs +~b∗, T = Ts +
θ∗

q
. (12)

For convenience the asterisk symbols are omitted in the further analysis. The perturbed
dimensionless governing equations are given by

E∇4W − ∂ωZ
∂Z

+ R∇h
2θ + Λ

∂

∂X
∇2bZ = Λ~1Z · ∇ × {∇× [(∇×~b)×~b]}, (13)

(
∂

∂t
+ ~V · ∇

)
θ − qW − q∇2θ = 0, (14)

(
∂

∂t
−∇2

)
bZ =

∂W
∂X

+~1Z · ∇ × (~V ×~b), (15)

(
∂

∂t
−∇2

)
JZ =

∂ωZ
∂X

+~1Z · ∇ × [∇× (~V ×~b)], (16)

E∇2ωZ + Λ
∂JZ
∂X

+
∂W
∂Z

+ Λ~1Z · ∇ × [(∇×~b)×~b] = 0, (17)

where

O2
h = ∂2

∂X2 +
∂2

∂Y2 , ∇2 = ∂2

∂X2 +
∂2

∂Y2 +
∂2

∂Z2 , ~V = (U, V, W), ~b = (bX , bY, bZ), JZ =

(∇×~b) ·~1Z, ωZ = (∇× ~V) ·~1Z .
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Eliminating θ, ωZ, bZ, and JZ from the linear part of Equations (13)–(17), we obtain

LW = N , (18)

L = L1 + L2 + L3 + L4 + L5 + L6 ,

and
N = N1 +N2 +N3 +N4 +N5,

where

L1 =

(
∂

∂t
− q∇2

)(
∂

∂t
−∇2

)2 ∂2

∂Z2 ,

L2 = E2
(

∂

∂t
− q∇2

)(
∂

∂t
−∇2

)2
∇6,

L3 = 2EΛ
(

∂

∂t
− q∇2

)(
∂

∂t
−∇2

)(
∂2

∂X2

)
∇4,

L4 = Λ2
(

∂

∂t
− q∇2

)(
∂4

∂X4

)
∇2,

L5 = RqE
(

∂

∂t
−∇2

)2
∇2∇h

2,

L6 = RqΛ
(

∂

∂t
−∇2

)(
∂2

∂X2

)
∇h

2,

and

N1 =

[
ER
(

∂

∂t
−∇2

)2
∇2∇h

2 + RΛ
(

∂

∂t
−∇2

)(
∂2

∂X2

)
∇h

2

]
(~V · ∇)θ,

N2 = −
[

EΛ
(

∂

∂t
− q∇2

)(
∂

∂t
−∇2

)
∇4 ∂

∂X
+ Λ2

(
∂

∂t
− q∇2

)(
∂3

∂X3

)
∇2
]
~1Z · ∇ × (~V ×~b),

N3 = −
[

Λ
(

∂

∂t
− q∇2

)(
∂

∂t
−∇2

)(
∂2

∂X∂Z

)]
~1Z · ∇ × [∇× (~V ×~b)],

N4 =

[
Λ2
(

∂

∂t
− q∇2

)(
∂

∂t
−∇2

)
∂2

∂X2

]
~1Z · ∇ ×∇× [(∇×~b)×~b)]

+

[
EΛ
(

∂

∂t
− q∇2

)(
∂

∂t
−∇2

)2
∇2

]
~1Z · ∇ ×∇× [(∇×~b)×~b)],

N5 = −
[

Λ
(

∂

∂t
− q∇2

)(
∂

∂t
−∇2

)2 ∂

∂Z

]
~1Z · ∇ × [(∇×~b)×~b)].

Because the surfaces are maintained at a uniform temperature,

θ = 0 on Z = 0 and 1, for all X, Y, (19)

and also normal component of the velocity should vanish on boundaries, i.e.,

W = 0 on Z = 0 and 1, for all X, Y. (20)

The conditions Equations (19) and (20) are independent of the nature of boundaries,
such as free–free or rigid–rigid, etc. In the present work, we assumed stress-free boundary
conditions [1], hence we obtain
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∂2W
∂Z2 =

∂ωZ
∂Z

= 0 on Z = 0 and 1, for all X, Y, (21)

JX = JY =
∂JZ
∂Z

= 0 on Z = 0 and 1, for all X, Y. (22)

Since the physical system is a triple diffusive system, it is unstable to either stationary
convection or oscillatory convection near the onset.

3. Linear Stability Analysis

At the onset of convection, the existing perturbations in the system are very small.
Hence, the nonlinear terms are smaller when compared to linear terms. The nonlinear
contributions are neglected from Equation (18). We obtain a linear differential equation
which is given as LW = 0. This process is called linearization. We obtain

[(
∂

∂t
− q∇2)(

∂

∂t
−∇2)2 ∂2

∂Z2 + E2(
∂

∂t
− q∇2)(

∂

∂t
−∇2)2∇6

+2EΛ(
∂

∂t
− q∇2)(

∂

∂t
−∇2)(

∂2

∂X2 )∇
4 + Λ2(

∂

∂t
− q∇2)(

∂4

∂X4 )∇
2

+R(qE(
∂

∂t
−∇2)2∇2∇h

2 + qΛ(
∂

∂t
−∇2)(

∂2

∂X2 )∇h
2)]W = 0. (23)

The resulting Equation (23) is linear. The normal mode solution was considered as
W(X, Y, Z, t) = W(Z)ei(aX+lY)+pt, where a is the wavenumber along X direction and l is
the wavenumber along Y direction. As such, a and l are real numbers and the growth rate
(p) may be constant complex number [13]. The marginal state is obtained from Re(p) = 0.
The two types of modes are classified using the eigenvalue p, namely, if Im(p) = 0, then
the steady modes exist and if Im(p) = ω 6= 0, then the oscillatory convection exists.
The preferred mode of convection depends on the physical parameters, which are relevant
to the Earth’s outer core. In Earth’s outer core, the parameters E and q are considered
as small and the Prandtl number is large. The orientation of rolls is classified based on
the wavenumber. The modes are parallel rolls, if the wavenumber a = 0 (the axis of
rolls are parallel to the applied magnetic field), if the wavenumber l = 0, gives the cross
rolls (the axis of the rolls are perpendicular to the applied magnetic field) and if both the
wavenumbers a 6= 0 and l 6= 0 give the oblique rolls. The linear and nonlinear studies of
the present physical model are based on l = 0, i.e., cross rolls.

The physical parameters E, Λ, q, and R are used to study the linear and nonlinear
behavior of the convective system. As the temperature gradient is increased, the unstable
mode may be of stationary convection or oscillatory convection near the onset. We imple-
mented the linear stability analysis using the normal mode analysis, i.e., by substituting
W(X, Y, Z, t) = W(z)e(iaX+pt) in the linearized equation LW = 0.

Stationary Convection (ω = 0)

By solving the linearized Equation (23), R = Rs value is obtained for stationary
convection and is given by

R =
πd2

2 + d2(Ed2
2 + Λa2)2

a2(Ed2
2 + Λa2)

,

where d2 = a2 + π2. The critical value of R is obtained from ∂R/∂a = 0. The critical
wavenumber is given by a2 = a2

cs = 2π2, and the critical Rayleigh number for stationary
convection is

Rcs =
9π5 + 3π2(9Eπ4 + 2Λπ2)2

2π2(9Eπ4 + 2Λπ2)
. (24)
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From the above result the marginal Rayleigh number (Rcs), E, and Λ values are
obtained for high rotation rates and weak field [13] by the linear stability analysis. The
critical values of control parameters were obtained to study the nonlinear behavior of cross
rolls. For small values of q, stationary convection occurs and for large values of q oscillatory
convection can occur. The value of Rs is free from q while the finite amplitudes depend on
q. For the nonlinear studies, a fixed q value as 0.01 was considered for which the stationary
convection occurs as a first instability near the onset. For small values of the parameters E
and Λ, the minimum value Rcs decreases as E decreases and as Λ increases. Thus, the effect
of E destabilizes the convective system when E decreases and the effect of Λ destabilizes
the convective system when Λ increases (see Figure 1).

Figure 1. The effect of Λ and E on Rcs.

The linear stability theory adopts a less ambitious objective to ascertain when a flow
is unstable to infinitesimal disturbances. It thus gives no prediction about transition
promoted by sufficiently large disturbance. The ultimate consequence of the instability
is never completely determined by linear theory. Thus, in the present study, an attempt
was made to understand the nonlinear convection in the presence of the Coriolis force and
magnetic field.

4. Method of Solution

The solutions of steady non-linear equations were obtained by following the method
proposed by Kuo [5]. These solutions converge more rapidly and are valid for larger
temperature differences. In this method, the dependent variables are first expressed as
infinite series of a set of orthogonal space functions. This approach to the solution sheds
light on the problem of transition to turbulent convection, which happens at a larger
temperature difference. An expansion parameter (ε), is defined by [5]:

ε2 =
R− Rcs

R
. (25)

Note that ε is less than one for all values of R. The solution of Equations (13)–(17) are
written as

f = ε f1 + ε2 f2 + ε3 f3 + ε4 f4 + ε5 f5 + ε6 f6 + · · · , (26)

where
f = f (U, W, θ, bX , bZ, ωZ, JZ).
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According to Equation (25), R is given by

R =
Rcs

1− ε2 , (27)

expanding Equation (27) in the power series of ε or by applying the finite formula

R = Rcs + Ros(ε
2 + ε4 + ε6 + · · ·+ ε2s), (28)

where

Ros =
Rcs

1− ε2s , s = 1, 2, 3 · · · (29)

By introducing Equations (26) and (28) in Equation (18), we obtain for the different ε
orders, a sequence of linear non homogeneous differential equations as

O(ε) : (L1 + L2 + L3 + L4)W1 + Rcs(L5 + L6)W1 = 0, (30)

O(ε2) : (L1 + L2 + L3 + L4)W2 + Rcs(L5 + L6)W2 = 0, (31)

O(ε3) : (L1 + L2 + L3 + L4)Wi + Rcs(L5 + L6)Wi + Ros(L5 + L6)Wi−2

+Ros(L5 + L6)Wi−4 = RcsN1 +N2 +N3 +N4 +N5, for i = 3. (32)

Similarly, at the orders O(ε4), O(ε5), we obtain

(L1 + L2 + L3 + L4)Wi + Rcs(L5 + L6)Wi + Ros(L5 + L6)Wi−2

+Ros(L5 + L6)Wi−4 = (Rcs + Ros)N1 +N2 +N3 +N4 +N5, for i = 4, 5. (33)

In general,
(L1 + L2 + L3 + L4)Wi + Rcs(L5 + L6)Wi + Ros(L5 + L6)Wi−2

+Ros(L5 + L6)Wi−4 = (Rcs + 2Ros)N1 +N2 +N3 +N4 +N5, for i ≥ 6. (34)

Here Li, i = 1, 2, 3, 4, 5, 6 is the linear operator and Ni, i = 1, 2, 3, 4, 5 represents the
nonlinear terms and are functions of Wi, θi, bXi, bZi, ωZi, and JZi. The auxiliary equations
for temperature field are given by(

∂

∂t
−∇2

)
θ1 = qW1, (35)

(
∂

∂t
−∇2

)
θ2 + (~V1 · ∇)θ1 = qW2. (36)

In general, (
∂

∂t
−∇2

)
θi +

i−1

∑
l=1

(~Vl · ∇)θi−l = qWi, for i ≥ 3. (37)

The auxiliary equations for the magnetic field(
∂

∂t
−∇2

)
bX1 =

∂U1

∂X
. (38)

In general,
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(
∂

∂t
−∇2

)
bXi =

∂Ui
∂X

+
∂

∂Y
(
U1bYi−1 + · · ·+ Ui−1bY1 −V1bXi−1 · · ·+ Vi−1bX1

)
+

∂

∂Z
(
U1bZi−1 + · · ·+ Ui−1bZ1 −W1bXi−1 · · ·+ Wi−1bX1

)
, for i ≥ 2, (39)

and (
∂

∂t
−∇2

)
bZ1 =

∂W1

∂X
. (40)

In general written as:(
∂

∂t
−∇2

)
bZi =

∂Wi
∂X
− ∂

∂X
(
U1bZi−1 + · · ·+ Ui−1bZ1 −W1bXi−1 · · ·+ Wi−1bX1

)
− ∂

∂Y
(
V1bZi−1 + · · ·+ Vi−1bZ1 −W1bYi−1 · · ·+ Wi−1bY1

)
for i ≥ 2. (41)

Likewise, the auxiliary equations for vorticity are

E∇2ωZ1 = −∂W1

∂Z
−Λ

∂JZ1

∂X
, (42)

in general,

E∇2ωZi = −
∂Wi
∂Z
−Λ

∂JZi

∂X
−Λ

∂

∂X
bX1

(
∂bYi−1

∂X
−

∂bXi−1

∂Y

)
+ · · · −Λ

∂

∂X
bXi−1

(
∂bY1

∂X
−

∂bX1

∂Y

)
+Λ

∂

∂X
bZ1

(
∂bZi−1

∂Y
−

∂bYi−1

∂Z

)
+ · · ·+ Λ

∂

∂X
bZi−1

(
∂bZ1

∂Y
−

∂bY1

∂Z

)
+Λ

∂

∂Y
bZ1

(
∂bXi−1

∂Z
−

∂bZi−1

∂X

)
+ · · · −Λ

∂

∂Y
bZi−1

(
∂bX1

∂Z
−

∂bZ1

∂X

)
+Λ

∂

∂Y
bY1

(
∂bYi−1

∂X
−

∂bXi−1

∂Y

)
+ · · ·+ Λ

∂

∂Y
bYi−1

(
∂bY1

∂X
−

∂bX1

∂Y

)
, for i ≥ 2, (43)

and (
∂

∂t
−∇2

)
JZ1 =

∂ωZ1

∂X
, (44)

in general written as:(
∂

∂t
−∇2

)
JZi =

∂ωZi

∂X
+

∂2

∂X∂Z
(
V1bZi−1 + · · ·+ Vi−1bZ1 −Wi−1bY1 − · · · −W1bYi−1

)
+

∂2

∂Y∂Z
(
Wi−1bX1 + · · ·+ W1bX1 −U1bZi−1 − · · · −Ui−1bZ1

)
+∇2

h
(
V1bXi−1 + · · ·+ Vi−1bX1 −Ui−1bY1 − · · · −U1bYi−1

)
, for i ≥ 2. (45)

4.1. Approximate Solutions

The approximate solutions U, W, θ, bX , and bZ are attained in terms of the amplitudes
near the onset of stationary convection. The horizontal two boundaries are stress-free, all
the space functions U, W, θ, bX , and bZ are sine and cosine functions. Thus, from Equations
(30), (35), (42), and (44) we have, to the first order periodic solutions as,

W1 = A1 cos aX sin πZ,

θ1 =
qA1

π2 + a2 cos aX sin πZ,
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bX1 = − πA1

π2 + a2 cos aX cos πZ,

bZ1 = − aA1

π2 + a2 sin aX sin πZ, (46)

where the nonlinear terms are used to calculate the amplitude A1. Normally, the terms in
Equation (26) are written as

Wi = Ai cos aX sin πZ + ∑
p1,q1

W(i)
p1q1 cos p1aX sin q1πZ, (47)

Ui =
1
a2

∂2Wi
∂Z∂X

, Vi =
1
a2

∂2Wi
∂Z∂Y

, ωZi =
∂Vi
∂X

, (48)

θi =
qAi

π2 + a2 cos aX sin πZ + ∑
p1,q1

θ
(i)
p1q1 cos p1aX sin q1πZ, (49)

bXi = −
πAi

(π2 + a2)
cos aX cos πZ + ∑

p1,q1

bX
(i)
p1q1 cos p1aX cos q1πZ, (50)

bZi = −
aAi

(π2 + a2)
sin aX sin πZ + ∑

p1,q1

bZ
(i)
p1q1 sin p1aX sin q1πZ, (51)

where W(i)
p1q1 , θ

(i)
p1q1 , bX

(i)
p1q1 , and bZ

(i)
p1q1 are nonlinear functions of A1, A2, A3,. . . Ai−1.

The unknown functions W(i)
p1q1 , θ

(i)
p1q1 , bX

(i)
p1q1 , and bZ

(i)
p1q1 are calculated by substituting

the Equations (47)–(51) in Equation (18).

4.2. Evaluation of Amplitude A1

To obtain the second order solutions W2, θ2, bX2 , and bZ2 , the nonlinear term N is
solved and Equation (31) is obtained. With N = 0, LW2 = 0 and

W(2)
02 = 0, θ

(2)
02 =

qA2
1

8π(π2 + a2)
and bX

(2)
02 =

A2
1

4(π2 + a2)
, bZ

(2)
02 = 0. (52)

The unknown functions W2, θ2, bX2 , and bZ2 are obtained from Equations (31), (36),
(39), and (41), respectively, and are given by

W2 = A2 cos aX sin πZ,

θ2 =
qA2

π2 + a2 cos aX sin πZ + θ02
(2)A1

2 sin 2πZ,

bX2 = − πA2

π2 + a2 cos aX cos πZ + bX02
(2)A1

2 cos 2πZ,

bZ2 = − aA2

π2 + a2 sin aX sin πZ. (53)

From Equation (32) for i = 3 the amplitude A1 is calculated. After using the first and
second order solutions, we write Equation (32) as

(L1 + L2 + L3 + L4)W3 + Rcs(L5 + L6)W3

= −Ros[qE(π2 + a2)3a2 + qΛ(π2 + a2)a4]

A1 cos aX sin πZ− Rcs[Ed2
3a2 + Λd2a4]πθ02

(2)A1
3 cos aX sin πZ
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−[a2bX02
(2)EΛqd2

4 + a4bX02
(2)Λ2qd2

2]
A1

3

2
cos aX sin πZ

+Rcs[E(a2 + 9π2)
3
a2 + Λ(a2 + 9π2)a4]πθ02

(2)A1
3 cos aX sin 3πZ

+[a2bX02
(2)EΛq(a2 + 9π2)

4
+ a4bX02

(2)Λ2q(a2 + 9π2)
2
]
A1

3

2
cos aX sin 3πZ

−[2π2a2

d2 bX02
(2) − a2 bX02

(2)

2
]A1

3 cos aX sin πZ

+[
2π2a2

d2 bX02
(2) − a2 bX02

(2)

(2)
]A1

3 cos aX sin 3πZ, (54)

where d2 = a2 + π2. By solving the above equation, A1 is given by

A1 = −

√(
2 ΛbX02

(2) π2 −ΛbX02
(2) d2 − π Rcs θ02

(2)
)

Ros q

2 ΛbX02
(2) π2 −ΛbX02

(2) d2 − π Rcs θ02
(2)

. (55)

The unknown functions W3, θ3, bX3 , and bZ3 are obtained from Equations (32), (37),
(39), and (41), respectively,

W3 = A3 cos aX sin πZ + W13
(3)A1

3 cos aX sin 3πZ,

θ3 =

(
qA3

π2 + a2 + θ11
(3)A1

3
)

cos aX sin πZ

+ θ13
(3)A1

3 cos aX sin 3πZ,

bX3 =

(
− πA3

π2 + a2 + bX11
(3)A1

3
)

cos aX cos πZ

+ bX13
(3)A1

3 cos aX cos 3πZ,

bZ3 =

(
− aA3

π2 + a2 + bZ11
(3)A1

3
)

sin aX sin πZ

+ bZ13
(3)A1

3 sin aX sin 3πZ. (56)

where
W(3)

13 =
1

D13

(
Rcs

(
qΛd13 a4 + Eqd13

3a2
)

π θ02
(2)
)

+
1

D13

((
1
2

a2EΛqd13
4 +

1
2

a4Λ2qd13
2
)

bX02
(2) +

(
2

π2a2

d2
− 1

2
a2
)

b(2)X02

)
,

θ
(3)
11 =

π θ
(2)
02

d2
, θ

(3)
13 =

−π θ
(2)
02 + W(3)

13 q
d13

,

and

bX
(3)
11 =

π bX
(2)
02

2d2
, bX

(3)
13 = −

3π W(3)
13

d2
−

3π bX
(2)
02

2d2
,

bZ
(3)
11 =

a bX
(2)
02

2d2
, bZ

(3)
13 = −

a W(3)
13

d2
−

a bX
(2)
02

2d2
,

D13 = −9 qπ2d3
13 − E2qd6

13 − 2 EΛqa2d4
13

−Λ2q2a4d2
13 + Rcs

(
qa2Ed3

13 + qΛa4d13

)
,

where d13 = a2 + 9π2. This iterative procedure is continued to find A2 to A6 and the
equivalent Wi, θi, bXi , bZi , ωZi , and JZi , etc.
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4.3. Calculation of A2 and A3

Initially, Equation (33) is simplified for i = 4, i.e.,

(L1 + L2 + L3 + L4 + Rcs(L5 + L6))W4 + Ros(L5 + L6)W2

= (Rcs + Ros)N1 +N2 +N3 +N4 +N5. (57)

The nonlinear terms Ni, i = 1, 2, 3, 4, 5 are analyzed by using the Equations (46), (53)
and (56). Solving the above Equation (57), we obtain A2 = 0. This indicates that every
second order approximate solutions vanish except for θ

(2)
02 and b(2)X02 as shown in Equation

(52). Therefore, Equation (57) decreases to

(L1 + L2 + L3 + L4 + Rcs(L5 + L6))W4 = K1 A1
4 cos 2aX sin 4πZ

+K2 A1
4 cos 2aX sin 2πZ + K3 A1 A3 cos 2aX sin 2πZ. (58)

The approximate solutions W4, θ4, bX4 , bZ4 are evaluated by Equations (33), (37), (39)
and (41) and those are given by

W4 = A4 cos aX sin πZ + K4 A4
1 cos 2aX sin 4πZ

+K5 A4
1 cos 2aX sin 2πZ + K6 A1 A3 cos 2aX sin 2πZ,

θ4 =
q

(a2 + π2)
A4 cos aX sin πZ + K7 A1 A3 sin 2πZ

+K8 A4
1 sin 2πZ + K9 A4

1 cos 2aX sin 2πZ + K10 A4
1 cos 2aX sin 4πZ

+K11 A4
1 sin 4πZ + K12 A1 A3 cos 2aX sin 2πZ,

bX4 =
−π

(a2 + π2)
A4 cos aX cos πZ + K13 A4

1 cos 2aX cos 4πZ

+K14 A4
1 cos 2aX cos 2πZ + K15 A1 A3 cos 2aX cos 2πZ,

bZ4 =
−a

(a2 + π2)
A4 sin aX sin πZ + K16 A4

1 sin 2aX sin 4πZ

+K17 A4
1 sin 2aX sin 2πZ + K18 A1 A3 sin 2aX sin 2πZ. (59)

To determine the value of A3, Equation (33) is solved for i = 5, and is given by

(L1 + L2 + L3 + L4 + Rcs(L5 + L6))W5 + Ros(L5 + L6)(W3 + W1)

= (Rcs + Ros)N1 +N2 +N3 +N4 +N5. (60)

Evaluating A3 from Equations (46), (53), (56), (59) and (60) we obtain,

A3 =
S1

S2
, (61)

where

S1 = −A1
5
(

Λ2qd2
2a3 + EΛqd2

4a
)(−π K17

4a
+

K14

4
−

b(2)X02W3
13

2
− 3π K5

4d2

)
a

+A1
5
(

Λ2qd2
2a2 + EΛqd2

4
)(
− a(2 π K14 + 2 aK17)

4d2
− π b(2)X02 b(3)Z11 − π b(2)X02 b(3)Z13 + K17

)
π a

+A1
5a2
(

Λ2qd2
2a2 + EΛqd2

4
)( π (2 π K14 + 2 aK17)

4d2
+

b(2)X02
2

(
π b(3)X11 + ab(3)Z11

))

−A1
5a2
(

Λ2qd2
2a2 + EΛqd2

4
)( b(2)X02

2

(
3 π b(3)X13 + ab(3)Z13

)
+ π b(2)X02 b(3)X11 − π b(2)X02 b(3)X13

)
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+
(

qΛd2 a4 + Eqd2
3a2
)(

π θ
(2)
02 W(3)

13 −
3π qK5

4d2
− π

K9

4
− π K8

)
A1

5Rcs

+
(

qΛd2 a4 + Eqd2
3a2
)(

π θ
(2)
02 W(3)

13 −
3π qK5

4d2
− π K9 − π K8

)
A1

5Ros

−ΛRos a4d2 q2 − ERos a2d2
3q2 −A1

5a2
(

Λ2qd2
2a2 + EΛqd2

4
)

K14,

and

S2 = −
(

qΛd2 a4 + Eqd2
3a2
)(
−π K8 − π θ

(2)
02 − π q

3K5

4

)
A1

2Rcs

−
(

qΛd2 a4 + Eqd2
3a2
)(
−π K8 − π θ

(2)
02 − π q

3K5

4

)
A1

2Ros

+A1
2
(

Λ2qd2
2a3 + EΛqd2

4a
)( b(2)X02

2
− π K17

4a
+

K14

4
− 3π K5

4d2

)
a

−A1
2
(

Λ2qd2
2a2 + EΛqd2

4
)(
− a(2 π K14 − 2 aK17)

4d2
+

π ab(2)X02
d2

+ K17

)
π a

−A1
2
(

Λ2qd2
2a2 + EΛqd2

4
)( π (2 π K14 + 2 aK17)

4d2
−

b(2)X02
2

)
a2

−A1
2
(

Λ2qd2
2a2 + EΛqd2

4
)(π2b(2)X02

d2
− K14

)
a2 + ΛRos a4d2 q2 + ERos a2d2

3q2.

The amplitude A3 is determined by using the first, second, third and fourth order
approximate solutions. From Equations (60), (37), (39) and (41), the fifth order approximate
solutions are obtained

W5 = A5 cos aX sin π Z

+
(

K19 A1
5 + K20 A1

2A3

)
cos 3 aX sin π Z

+
(

K21 A1
3 + K22 A1

5 + K23 A1
2A3

)
cos aX sin 3 π Z

+
(

K24 A1
5 + K25 A1

2A3

)
cos 3 aX sin 3 π Z

+K26 A1
5 cos aX sin 5 π Z + K27 A1

5 cos 3 aX sin 5 π Z, (62)

θ5 =

(
qA5
d2

+ K28 A1
2A3

)
cos aX sin π Z

+
(

K29 A1
3 + K30 A1

5 + K31 A1
2A3

)
cos aX sin 3 π Z

+
(

K32 A1
5 + K33 A1

2A3

)
cos 3 aX sin π Z

+
(

K34 A1
5 + K35 A1

2A3

)
cos 3 aX sin 3 π Z

+K36 A1
5 cos aX sin 5 π Z + K37 A1

5 cos 3 aX sin 5 π Z, (63)

bX5 =

(
−π A5

d2
+ K38 A1

5
)

cos aX cos π Z

+
(

K39 A1
3 + K40 A1

5 + K41 A1
2A3

)
cos aX cos 3 π Z

+
(

K42 A1
5 + K43 A1

2A3

)
cos 3 aX cos π Z
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+
(

K44 A1
5 + K45 A1

2A3

)
cos 3 aX cos 3 π Z

+K46 A1
5 cos aX cos 5 π Z + K47 A1

5 cos 3 aX cos 5 π Z, (64)

bZ5 =

(
− aA5

d2
+ K48 A1

5 + K49 A1
2A3

)
sin aX sin π Z

+
(

K50 A1
3 + K51 A1

5 + K52 A1
2A3

)
sin aX sin 3 π Z

+
(

K53 A1
5 + K54 A1

2A3

)
sin 3 aX sin π Z

+
(

K55 A1
5 + K56 A1

2A3

)
sin 3 aX sin 3 π Z

+K57 A1
5 sin aX sin 5 π Z + K58 A1

5 sin 3 aX sin 5 π Z. (65)

Here the coefficients Ki, i = 1, 2, . . . 58 in Equations (58)–(65) are functions of a, E, Λ, and q.
The simplifications become more critical as ε order increases. Similarly, the simplification
was carried until the eighth order of Equation (34) to calculate for A4, A5, and A6. Proceed-
ing as above, it can be observed that A2 = A4 = A6 = 0.

5. Convective Heat Transport

The changes in the two-dimensional flow patterns are illustrated by the local Nusselt
number, NL, distributions over the heated plate. The heat transport coefficient in terms of
the NL is expressed as [16,25]

NL =
∂T
∂n

, (66)

here n denotes the normal direction on a plane. The heat transport is measured by the
average Nusselt number (Nu), which is independent of Z and is given by

Nu = WT − ∂T
∂Z

, (67)

here the bar indicates a horizontal mean. Using Equation (67), Nu is obtained by integrating
the expression over the boundary, Z = 0 [16].

Nu =
1
L

∫ L

0
WT − ∂T

∂Z
|z=0dX, (68)

where L is the normalized horizontal cell width.

5.1. Local Nusselt Number (NL)

Figure 2a illustrates the changes of NL for distinct values of E with respect to X.
In selected regions, the number of peaks and the location of maximum and minimum
of NL values depend on E. The maximum of NL value is constant, as X increases for
defined E. However, as E decreases, the number of peaks is increased in a selected region.
Figure 2b illustrates the variation of NL for different Λ concerning to X. The location of
the maximum NL value is independent of the dimensionless plate length but depends on
Λ. The existence of the number of peaks in the given region of X increases, as Λ increases.
Figure 2b illustrates the heat that is transported from the fluid to the boundary is increased
as Λ increase.
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Figure 2. Variation of NL with respect to X. (a) Λ = 0.2 and q = 0.01 for different E, (b) E = 0.005 and
q = 0.01 for different Λ.

5.2. Average Nusselt Number (Nu)

The dependency of Nu on the control parameters was studied near and away from the
onset of stationary convection. Let Nu(2)(s = 1), Nu(4)(s = 2) and Nu(6)(s = 3), indicate
the second-, fourth- and sixth-order approximations, for Nu, respectively. The second order
approximation is given by

Nu(2) = 1 +
2qRos

2Λ(a2 − π2) + Rcs
. (69)

The approximations for Nu(4) and Nu(6) are lengthy, so it is not shown here to conserve
space. The change of Nu with respect to R is shown in Figure 3 for different values of E
and Λ. Figure 3a shows the effect of E on Nu in the R plane for fixed Λ = 0.2 and q = 0.01.
It illustrates that the rate of heat transfer is enhanced for decreasing E. Figure 3b shows
the effect of Λ on heat transfer rate for fixed E = 0.005 and q = 0.01. The enhancement of
heat transfer is observed for increasing Λ values. The small values of q are relevant to
Earth’s outer core. It is very difficult to perform numerical simulations for small values
of the physical parameters. For q < 1 stationary convection is preferred [13]. Figure 3c
shows that for q < 1 and as q increases, the Nu increase. Thus the effect of q < 1 shows, the
heat transfer rate are enhanced and accordingly the intensity of the flow rate also increase.
The change of kinetic energy with respect to R/Rcs is represented in Figure 4. Figure 4a
demonstrates the change in Nu for various E values as well as for a fixed value of Λ = 0.2.
The change in E produces small change in the potential energy, in comparison with the
kinetic energy. Thus, the total energy decreases as E increase. Figure 4b shows the energy
distribution for different Λ and for fixed E = 0.005 and q = 0.01. The amplifying values of
Λ show that the total energy is also increased.
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Figure 3. Dependence of Nussult number (Nu) on Rayleigh number (R/Rcs). (a) Λ = 0.2 and q = 0.01
for different E, (b) E = 0.005 and q = 0.01 for different Λ, (c) E = 0.005 and Λ = 0.2 for different q.

Figure 4. Dependence of kinetic energy and potential energy on Rayleigh number (R/Rcs) are
plotted. (a) Λ = 0.2 and q = 0.01 for different E, (b) E = 0.005 and q = 0.01 for different Λ.
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6. Distortion of Streamlines and Isotherms

The fluid flow behavior is visualized by the stream function (Ψ) which is obtained
from the velocity components U and W. The relation between the velocity components and
stream function (Ψ) is [26]

U = −∂Ψ
∂Z

and W =
∂Ψ
∂X

,

which produce a single equation

Ψ = ∇2Ψ = 0 for X = 0,
√

2π/a and Z = 0, 1.

The points with equal temperature connected with lines are called isotherms. The
snapshots of the heat transport and flow field near the onset of stationary convection are
expressed in terms of streamlines and isotherms.

The general attributes of the streamlines and isotherms with respect to the variation
in R, E, and Λ are shown in Figures 5–8. Figure 5 illustrates the pattern of streamlines
and isotherms near the onset of convection (R ' Rcs). Figure 5a, shows the pattern of
streamlines for E = 0.005, Λ = 0.2, q = 0.01. The absolute maximum and the absolute
minimum values of circular strengths are 0.11215 and −0.11216, respectively. Figure 5c
shows the pattern of streamlines for E = 0.01, Λ = 0.2. This figure shows the absolute
maximum and the absolute minimum values of circular strengths as 0.11243 and −0.11243,
respectively. From Figure 5a,c the maximum strength of rolls at R ' Rcs are decreased as
E increases. Thus, as E increases, Rcs also increases, accordingly Nu decreases and hence
the absolute maximum of circulation strength decreases. Figure 5e illustrate the pattern
of streamlines with E = 0.005 and Λ = 0.4. These streamlines have the absolute minimum
and maximum values with the circular strengths as −0.12116 and 0.121117, respectively.
By comparing Figure 5a,e, the periodic rectangular rolls are observed near the R ' Rcs, but
as Λ increases the maximum strength of rolls is increased and the minimum strength of
roll decreases. Thus, as Λ increases, Rcs decreases, accordingly Nu increases, and hence the
absolute maximum of circulation strength increases. Figure 5a–f are plotted for the values
of R ' Rcs and the flow pattern are rectangular rolls and follows the symmetric nature
over the range of 0 ≤ X ≤ 1. Since the stream function equations show the symmetric
property. Similarly, for the same values of E and Λ, the isotherms formed as horizontal lines
near R ' Rcs, as shown in Figure 5b,d,f. At R ' Rcs, the strength of isotherms is of small
magnitude, representing the conduction dominant heat transport inside the considered
region. These isotherms are smooth lines that span over the whole region.
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Figure 5. Cont.
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Figure 5. The Effect of E and Λ near Rcs, streamlines (a) for E = 0.005, Λ = 0.2, and q = 0.01,
(c) E = 0.01, Λ = 0.2, and q = 0.01, (e) E = 0.005, Λ = 0.4, and q = 0.01 and isotherms (b) E = 0.005,
Λ = 0.2, and q = 0.01, (d) E = 0.01, Λ = 0.2, and q = 0.01, (f) E = 0.005, Λ = 0.4, and q = 0.01
are plotted.

Figure 6. Cont.
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Figure 6. The Effect of R = 10Rcs, 20Rcs, 30Rcs and 80Rcs, streamlines (a,c,e,g) and isotherms (b,d,f,h)
are plotted for E = 0.005, Λ = 0.2, and q = 0.01.
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Figure 7. The Effect of E = 0.01 and 0.015, streamlines (a,c) and isotherms (b,d) are plotted for Λ = 0.2,
R = 20Rcs, and q = 0.01.

The snapshot of streamlines and isotherms for different values of R and for fixed
values of E = 0.005, Λ = 0.2, and q = 0.01 are displayed in Figure 6a–h. It is observed
that for R = 10Rcs and for the cell lying between 0 ≤ X ≤ 1, the absolute minimum and
maximum values are with the circulation strengths −43.4965 and 43.4965, respectively,
as shown in Figure 6a. As R increases from Rcs to 10Rcs, the basic cells become more
deformed due to the growth of two vortices B and B′ located at the top right and bottom
left boundaries with the circulation strength−16.315. The basic cell with two vortices A and
A′ has circulation strength 38.059. The temperature profiles in terms of isotherms are illus-
trated in Figure 6b for same values of physical parameters that are considered in Figure 6a.
The isotherms are of nearly in wavy shape with the absolute maximum and minimum
values of −0.00212 and −1.00271, respectively. It indicates the maximum of heat transfer
process is occurred by convection. Figure 6c,d illustrate the streamlines and isotherms for
R = 20Rcs. The temperature gradient and the gravitational buoyancy force act together
and changes the flow structure as shown in Figure 6c. The bicellular patterns of streamlines
turn out to be multicellular models and these cells divide the field of motion at the core
for a cell lies between 0 ≤ X ≤ 1 with the absolute maximum and minimum values of
circulation strengths 220.829 and−220.845, respectively. The vortices B and B′ showed their
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presence with−82.822 as the circulation strength in the opposite direction of an original cell.
For these considered values of physical parameters, the behavior of isotherms is shown
in Figure 6d, which exhibit the mode of convective heat transport inside the fluid layer.
In the fluid layer, the absolute maximum and minimum values of isotherms are respectively,
−0.00275 and −1.0052. When R is increased from 20Rcs to 30Rcs, the small vortices B and
B′ shown in Figure 6c are increased with circulation strength −398.740. Thus, the basic cell
encountered more deformation (Figure 6e) and has the absolute maximum and minimum
values at 638.172 and −638.027, respectively. Accordingly, the isotherm curves develop
more deformation. The absolute maximum and minimum values of isotherms in the layer
are, respectively, −0.00449 and −1.01101. As R is increased from 30Rcs to 80Rcs (Figure 6g),
the two vortices B and B′ grow in size and split the basic cell into two vortices located
on either side of the secondary cell with the absolute maximum (9976.78) and minimum
(−9977.74) strengths. The heat flow pattern becomes chaotic, which is shown in Figure 6h
when R increases to 80Rcs. The absolute maximum and minimum values of isotherms in
the layer are, respectively, 8.75285 and −9.67347. From Figure 6, it is observed that as R
increases from Rcs to 80Rcs, the onset of turbulent flows are producible.

Figure 8. The Effect of Λ = 0.4 and 0.6, streamlines (a,c) and isotherms (b,d) are plotted for E = 0.005,
R = 20Rcs and q = 0.01.

Figure 7a–d, illustrate the streamlines and isotherms for different values of E and for a
fixed set of other parameters R = 20Rcs, Λ = 0.2, and q = 0.01. The behavior of the flow
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field was investigated by considering the flow pattern in the region 0 ≤ X ≤ 1, as shown in
Figure 6a–d (E = 0.005) and Figure 7a–d (E = 0.01 and 0.015). Figure 7a shows streamlines
for E = 0.01 in the considered range of X. The absolute maximum and minimum values
of circulation strengths are 162.15 and −162.149, respectively. There exist two vortices B
and B′ outside the basic cell with the circulation strength −82.806 as shown in Figure 7a.
The basic cell also contains two vortices namely A and A′ with a circulation strength of
141.881. Figure 7c is plotted for E = 0.015, which has the absolute maximum and absolute
minimum values of circulation strength as 140.453 and −140.471, respectively. The flow
pattern in the region 0 ≤ X ≤ 1 contains a deformed basic cell due to the growth of two
vortices B and B′ that exist at either side of the basic cell and are located at the top and
bottom boundaries with circulation strength −60.81. The basic cell also has two vortices
A and A′ with a circulation strength value of 122.90. Finally from Figures 6c and 7a,c it is
observed that the strength of the basic cell and pattern deformation decrease as E increases.
This implies that the effect of E stabilizes the convective system. The flow of heat transfer
is shown in Figure 7b,d for E = 0.01 and 0.015, respectively.

Figure 8a–d show the streamlines and isotherms for different Λ values and for
E = 0.005, R = 20Rcs, and q = 0.01. The effect of Λ was studied from Figures 6c,d
and 8a–d. In Figure 8a the streamlines are plotted for Λ = 0.4. By considering the flow pat-
tern in the range of 0 ≤ X ≤ 1, the absolute maximum and minimum values of circulation
strengths are 436.721 and −436.747, respectively. In this range, the basic cell is deformed by
two vortices B and B′, which are located at the top right and bottom left of the layer and on
either side of the basic cell with circulation strength −272.97. The basic cell also encloses
two vortices A and A′ with strength 382.13. Figure 8c shows the streamlines for Λ = 0.6 in
the considered range of 0 ≤ X ≤ 1, with the absolute maximum and minimum values of
circulation strength 663.595 and −663.555, respectively. In addition, there exist two vortices
B and B′ with circulation strength −414.71. The basic cell also enclosed two vortices A and
A′ with circulation strength 580.65. As Λ increases from 0.4 to 0.6 the deformation and
circulation strength of cells (A, A′) increase. This implies that the effect of Λ destabilizes the
convective system. The isotherms are plotted in Figures 6d and 8b,d for distinct values of
Λ = 0.2, 0.4 and 0.6. The lines of isotherms change to a more circular form as Λ increases.
Thus, the incremental values of Λ destabilize the convective system.

Topology of Flow

The topology constraint is based on the Euler number (ζ
′
) of the flow. As described by

Jana et al. [27], ζ
′

on the surface is defined as the sum of the Poincare indices of the critical
points on the surface and is given by

NE− (NH +
1
2

NP) = ζ
′
, (70)

here the NE represents the number of elliptic points, NH is the number of hyperbolic
points, and NP is the number of parabolic points [28,29]. In Figure 9a, the vorticity
contours are exhibited for R ' Rcs, E= 0.005, Λ= 0.2 and q = 0.01. The present simulated
flow fulfils the topological rule given in Equation (70) with NP = 0 , NH = 2, and NE = 2.
For R = 20Rcs, an equivalent investigation has been done for vorticity contours in Figure 9b
and Equation (70) is satisfied with NP = 0, NE = 8, and NH = 8.
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Figure 9. Vorticity lines for (a) R ' Rcs, E = 0.005, Λ = 0.2, and q = 0.01, (b) R = 20Rcs, E = 0.005,
Λ = 0.2, and q = 0.01.

7. Heat Function

Heatlines depict the convective heat transport phenomenon, whereas the isotherms
are mainly useful for visualizing heat transfer in the domain of conduction. The heat
function and heatline analyzes were developed by Kimura and Bejan [30] to visualize
heat transmission through the fluid flow, later Morega and Bejan [31] successfully used
the concept of heatlines. Different researchers [32–35] used this concept for dissimilar
applications of natural convective systems. The heat function (H∗) is defined as

∂H∗

∂X
= WT − ∂T

∂Z
, (71)

−∂H∗

∂Z
= UT − ∂T

∂X
, (72)

where T = Ts + θ and Ts = T0−Z. The Equations (71) and (72) do not exhibit the symmetric
property. Differentiating Equations (71) and (72) with respect to X and Z, respectively, and
subtracting the resulting equations yields

∂2H∗

∂X2 +
∂2H∗

∂Z2 =
∂(WT)

∂X
− ∂(UT)

∂Z
. (73)

From the definition of heat function, Equations (71) and (72), the boundary conditions
on H∗ follow [16]:

H∗(X, 0) = H∗(0, 0) +
∫ X

0
(WT − ∂T

∂Z
)dX, at Z = 0 and 0 ≤ X ≤

√
2π/a, (74)

H∗(X, 1) = H∗(0, 1) +
∫ X

0
(WT − ∂T

∂Z
)dX, at Z = 1 and 0 ≤ X ≤

√
2π/a, (75)

H∗(0, Z) = H∗(0, 0)−
∫ Z

0
(UT − ∂T

∂Z
)dZ, at X = 0 and 0 ≤ Z ≤ 1, (76)

H∗(
√

2π/a, Z) = H∗(
√

2π/a, 0)−
∫ Z

0
(UT − ∂T

∂Z
)dZ, at X =

√
2π/a and 0 ≤ Z ≤ 1. (77)
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Results and Discussion for Heatlines

Figure 10a–d, illustrate the pattern of heatlines for different Rayleigh number values,
R ' Rcs, R = 1.05Rcs, 1.15Rcs and 1.25Rcs, respectively, for fixed values of E = 0.005,
Λ = 0.2, and q = 0.01. When the system is at a conduction state (R < Rcs) heat-
lines are always parallel to Z-axis and perpendicular to isotherms. Figure 10a illustrates
the heatlines for R ' Rcs. It is observed that the heatline contours within the domain
are normal to the Z = 0 and Z = 1 lines due to conduction dominant heat transfer.
For R ' Rcs, the absolute maximum and minimum values of heatlines are 10.2224
and 0.0241, respectively, in the considered range 0 ≤ X ≤ 5. In the neighborhood of
X = 0, the heatlines at the center of the system depict the structure which is similar to the
parabolic structure. The curvature at the central part of the system increases as X increases.
This shows that the nonlinear propagation of heat transfer occurs when R ' Rcs.
Hence, the transition takes place from the conduction state to the convection state at
R ' Rcs. Figure 10b is plotted for R = 1.05Rcs. The absolute maximum and mini-
mum values of heatlines are 10.3081 and −0.2774, respectively, in the considered range
0 ≤ X ≤ 5. The heatline with a strength of −0.18 exist near the line X = 0 and the
heatline with strength 9.69 exist at X = 5. The strength of heatlines increases as X increases.
Some heatlines occurred in the form of a closed path. As R increases from Rcs the heatlines
with same strength are changed to a closed path as shown in Figure 10a,b. For higher
values, this indicates that the convective heat flow is more intense at the center. Figure
10c shows heatlines at R = 1.15Rcs and having the absolute maximum and minimum
values of heatlines 10.3666 and −0.62655, respectively. In this figure, the number of closed
paths of heatlines at the center is increased for R = 1.15Rcs. The size of closed path of
heatlines for R = 1.15Rcs is more than that for R = 1.05Rcs. Figure 10d shows the heat-
lines for R = 1.25Rcs with the absolute maximum and minimum values of 10.3972 and
−0.88096, respectively. The number of closed paths of heatlines increases at the center for
R = 1.25Rcs. The size of closed path of heatlines for R = 1.25Rcs is increased in comparison
with that of the heatlines for R = 1.15Rcs. For large R, the convective heat transmission
is more intense. It is observed that the heatlines become denser with the increase in R.
Figure 10a–d indicate that the heat transfer across the layer is increased as R increases. Heat-
lines will not exhibit periodic patterns due to the non-symmetry nature of Equations (71)
and (72).

Figures 10b and 11a,b are plotted with the same strength of heatlines so as to analyze
the influence of E on heat flow for the fixed values of Λ, R, and q. In the considered range
of 0 ≤ X ≤ 5, for E = 0.01, (Figure 11a) the absolute maximum and minimum values of
heatlines are noted to be 8.4264 and −0.18554, respectively, and for E = 0.015 (Figure 11b)
these values are 7.51142 and −0.11574, respectively. In both of these Figure 11a,b, the
heatlines intensity decays with E. The size of the closed path and the number of closed
paths with the same strength decreased as E increases. From Figures 10b and 11a,b it is
fascinating to observe the inhibition of temperature in the central regime as E increases.

Figures 10b and 12a,b are plotted with the same strength of heatlines to analyze the
effect of Λ on heat flow for the fixed values of E, R, and q. In the considered range of
0 ≤ X ≤ 5 for Λ = 0.4 (Figure 12a) with the absolute maximum and minimum values
of heatlines as 8.55642 and −0.23723, respectively. These values for Λ = 0.6 (Figure 12b)
are 7.74043 and −0.18296, respectively. In both Figure 12a,b, the heatlines are dominated
by convection and form closed loops. The size and the number of closed loops with the
same strength increase as Λ increases. From Figures 10b and 12a,b it is observed that the
temperature within the central regime is enhanced as Λ increase by observing heatlines.
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Figure 10. The effect of R ' Rcs, R = 1.05Rcs, 1.15Rcs and 1.25Rcs, heatlines (a–d) are plotted for
E = 0.005, Λ = 0.2, T0 = 1, and q = 0.01, respectively.
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Figure 11. The effect of E = 0.01 and 0.015, heatlines (a,b) are plotted for Λ = 0.2, R = 1.05Rcs, T0 = 1,
and q = 0.01.
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Figure 12. The effect of Λ = 0.4 and 0.6, heatlines (a,b) are plotted for E = 0.005, R = 1.05 Rcs, T0 = 1,
and q = 0.01.

8. Conclusions

The nonlinear natural convection was studied in a planer layer of electrically con-
ducting fluid that rotates about the vertical axis in the presence of a uniform horizontal
magnetic field and vertical temperature gradient. This problem has applications in Earth’s
liquid core. The present results help to enhance understanding of the finite amplitude
convection when the coupling between the Lorentz force and the Coriolis force present in
nonlinear planar layer convection-driven dynamos.

• Linear stability analysis showed that as the small values of E keep decreasing or
Λ increasing, the Rcs decreases, i.e., the effect of E stabilizes and Λ destabilizes
the system.

• Theoretically investigated the nonlinear behavior of cross rolls that occur in the
Rayleigh–Bénard convective system of a planar layer dynamo of electrically conduct-
ing fluid rotating about the vertical axis in the presence of a horizontal magnetic field.

• The nonlinear partial differential equations was solved using the perturbation method,
until O(ε8) and obtained the approximate solutions.

• Computed the local Nusselt number (NL) and averaged Nusselt number (Nu) on the hot
wall to understand the development of heat flow and the rate of heat transfer, respectively.

• The number of peaks is fixed for a given E while the value of the peak is independent
of X for a given E. The absolute peak values of NL increase as E increases. The number
of peaks is fixed for a given Λ. The value of the peak is independent of X for a given
Λ. The absolute peak value of NL increases as Λ decrease. From the NL results, it is
noted that the heat flux is high for decreasing E or increasing Λ.

• It is observed that the Ekman number (E) generates a strong damping effect on heat
transfer at high rotation rates but the heat transport enhances as Λ increases. The
Roberts number (q) < 1, enhances the heat transfer rate and accordingly the intensity
of the flow rate also increases. Similarly, the total energy decays as E increases. The
increment in the values of Λ show, the increase in the total energy.

• Obtained the cellular pattern of fluid flow (streamlines) and the hot regions (isotherms)
from the eigenfunctions related to the stream function and temperature, respectively.
From the streamlines and isotherms trajectories, it is observed that, for the lower
values of E the deformation of the fluid pattern is enhanced and more transfer of heat
in the flow occurs due to the presence of lesser viscous force in comparison with the
Coriolis force. Similarly, for the amplifying values of Λ, there is more deformation in
the streamlines and isotherms. This result shows, in the presence of Coriolis force, the
magnetic field destabilizes the system.
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• Studied the heatline patterns of the flow by using the heat function. The results show
that the deformation in the trajectories of heatlines are enhanced as E decreases. A
similar trend of deforming heatlines is observed with increasing Λ.
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Nomenclature
A Amplitude
~B Magnetic field
~Bs Static magnetic field
B0 Characteristic field strength
a Wavenumber
P Modified pressure
E Ekman number
~1Z Unit vector along Z-axis
~1X Unit vector along X-axis
q Ratio of thermal and magnetic diffusivities
d The convective zone depth
~g Gravitational field
Nu Nusselt number
H* Heat function
R Modified Rayleigh number
Rc Critical Rayleigh number
Rcs Critical Rayleigh number for stationary convection
T0 Reference temperature
T Temperature field
Ts Static temperature
∆T Temperature difference between top and bottom layers
~V Velocity field
~Vs Static velocity
U, V, W Velocity components
X, Y, Z Cartesian coordinates
t Time
RBC Rayleigh–Bénard Convection

Greek symbol
Λ Elsasser number
β Adverse temperature gradient
θ Perturbed temperature
η Magnetic diffusivity
ρ Density
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ρ0 Reference density
κ Coefficient of thermal diffusivity
ν Kinematic viscosity
α Thermal expansion coefficient
µ Dynamic viscosity
µm Magnetic permeability
~ω Vorticity field
Ω Angular velocity
ω Frequency of oscillations

Superscript
′ Dimensional form
* Perturbed quantities
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Abstract: The proposed planer layer dynamo physical model has real-world applications, especially
in the Earth’s liquid core. Thus, in this paper, an attempt is made to understand the finite amplitude
convection when there exists a coupling between the Lorentz force and the Coriolis force. In particular,
the effect of a horizontally applied magnetic field is studied on the Rayleigh–Bénard convection
(RBC) that contains the electrically conducting fluid and rotates about its vertical axis. Free–free
boundary conditions are assumed on the geometry. Attention is focused on the nonlinear convective
flow behavior during the occurrence of cross rolls which are perpendicular to the applied magnetic
field and parallel to the rotation axis. The visualization of cross rolls is achieved using the Fourier
analysis of perturbations up to the O(ε8). The relationship of the Nusselt number (Nu) with respect
to the Rayleigh number (R), the Ekman number (E), and the Elsasser number (Λ) is investigated. It is
observed that E generates a strong damping effect on the flow velocity and on the heat transfer at
high rotation rates. Using the heatline concept, it is observed that the temperature within the central
regime is enhanced as the Λ increases. The results show that either E decreases or Λ increases, then
the heat transfer rate increases.

Keywords: nonlinear convection; earth’s liquid core; electrically conducting fluid; planar layer
dynamos; cross rolls

1. Introduction

In astrophysical and geophysical models related to the Sun, stars, and the outer core of
Earth, the convection is affected by both the Coriolis and Lorenz forces. Such a rotating mag-
netoconvection model with Boussinesq approximation has been studied by many authors,
for example, Chandrasekhar [1], Roberts [2], and Cox and Matthews [3], etc. The linear
stability analysis of this model shows the system is unstable with respect to either stationary
convection or oscillatory convection and depends on the governing physical parameters,
namely, Rayleigh number (R), Chandrasekhar number (Q), Taylor number (Ta), thermal
Prandtl number (Pr), and magnetic Prandtl number (Pm) or Roberts number. Most of the
experimental studies on Rayleigh–Bénard convection (RBC), rotating Rayleigh–Bénard
convection, magnetoconvection, and rotating magnetoconvection (RMC) have focused on
heat transfer laws. When the control parameter R exceeds its critical value, a cellular regime
of steady convection starts to appear. In addition, the motion increases its intensity but
remains laminar and steady for a large range of values of R, followed by unsteady turbulent
convection. Finite amplitude cellular convection with better approximate solutions has
been studied for RBC by Malkus and Veronis [4] and Kuo [5].
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In RBC with Ta 6= 0 and Q 6= 0, the critical R (= Rc) remains approximately a con-
stant until Q reaches a certain value. When Q increases further, Rc starts to decrease,
reaches a minimum and again starts to increase (Chandrasekhar, [1]). Braginsky [6] also
studied these rotating magnetic systems and stressed the importance of the Archimedean,
magnetic, and Coriolis forces. He revealed that these forces, together with the pressure
gradient, would determine the dynamic balance and inertial forces. Eltayeb [7] considered
the linear stability analysis to analyze the convection in the hydromagnetic rotating layer.
He observed when the principle of exchange of stabilities is valid, four different mod-
els can be classified based on the relative directions of the constant magnetic field, B0
and Ω, (B0, Ω) namely, (vertical, vertical); (horizontal, vertical); (horizontal, horizontal);
(vertical, horizontal) and also for different types of boundaries. The numerical results
indicated that the asymptotic dependence of Rc on Ta and Q are equal and independent
of the nature of the boundary conditions considered. Later, Eltayeb [8] extended his pre-
vious model [7] to study the convective motions near the onset of oscillatory convection.
He classified three different motions near the onset, namely: (i) Ta > Q, the results for the
rotating non-magnetic case, which are retained to leading order; (ii) Q > Ta, the results are
similar to those for the magnetic non-rotating case to leading order; and (iii) Ta and Q are
of same order, the minimum temperature gradient required for the instability is greatly re-
duced. When these solutions were examined in detail, it was observed that the motions that
follow the onset of instability depended primarily on the electrical conductivity rather than
on the kinematic properties of boundaries. In addition, in the leading order, the boundary
conditions to be applied to the mainstream solutions depended on the conductivity of the
boundary but not on the no-slip conditions. When either of the magnetic field or rotation
were dominant, there was a possibility of the occurrence of two-dimensional motion. In
this case, the Taylor–Proudman theorem was satisfied, while when both magnetic field and
rotation were influential, this theorem was no longer valid and the motions were essentially
of three-dimensional in nature.

The important laboratory experiments on RBC, rotating RBC and magnetoconvection
RBC using the liquid gallium (Pr = 0.025) as the working fluid have been carried out
by Aurnou and Olson [9]. The properties of liquid gallium are similar to those of the
liquid iron in the Earth core. The studies of magnetoconvection have vast industrial
applications too [10,11]. The Rc for the magnetoconvection is experimentally determined
as a function of Q and Ta. At low rotation rates, the Rc increases linearly with magnetic
field intensity. At moderate rotation rates, coherent thermal oscillations were detected by
Aurnou and Olson [9] near the onset of convection. These experimental results at the onset
were compared with the theoretical predictions of Chandrasekhar [1]. In nearly all of the
experimental results, it was mentioned that no well-defined steady convective regime was
found. Instead, unsteady or turbulent convection was detected just after onset. Later, these
experimental predictions were reproduced by using direct numerical simulations near the
onset (Rani et al. [12]). These simulations showed the occurrence of interesting cell patterns.
The most relevant geodynamo models were given by Roberts and Jones [13], who extended
the model of Braginsky [14] with two sets of boundary conditions.

The present nonlinear convection problem is studied based on the plane layer model
proposed by Roberts and Jones [13]. In astrophysics and even in planetary physics, the
model considered by Roberts and Jones [13] is yet sufficiently close to reality and is, really,
heuristic. This model is very convenient for laboratory experiments, too, which have not
yet been done. The linear planer layer dynamo model was considered by Roberts and
Jones [13] with the limiting case of Prandtl number tending to infinity. This limiting case
enabled the removal of the inertial terms and thus the resultant linearized equation of
motion filtered the fast-inertial modes and Alfven waves. The main reason for considering
this limiting case was that it simplified the analysis considerably and could able to exhibit
an amazingly rich structure. The other motivation was that it is an important limit for
geodynamo modelling, in which fast modes are believed to be relatively unimportant.
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In the linear stability analysis of the planer layer problem [13], the effect of physical
parameters such as E, Λ, R, and q have been thoroughly studied for the occurrence of
parallel rolls, cross rolls, and oblique rolls at the onset of convection. In general, E and q� 1
represent the geophysical models but with these values, it is very difficult to simulate these
models and obtain the converged results. This difficulty can be overcome by using one of
the approximate methods, such as weakly nonlinear analysis, which yields comparable
results with the experimental observations. This method of weakly nonlinear analysis
was applied for the Braginsky [14] model by Roberts and Stewartson [15] near the onset
of oscillatory convection using the small finite amplitude equations. Further, they have
analyzed the linear stability analysis of the cubic and cubic-quintic amplitude equations.
These amplitude equations are valid only when R is close to the Rc. In addition, the
nonlinear analysis proposed by Malkus and Veronis [4] is valid when the R is near the
threshold Rc. Later Kuo [5] proposed a different nonlinear approach, which is valid even
for large values of R. The advantages of this approach are that the solutions are found to be
valid even for a large range of the imposed temperature differences across the fluid layer
and also the rapid convergence of solutions. This solution provides a quantitative theory
for the convective heat transport as a function of the temperature difference in the range of
laminar flow. Using this approach by Kuo [5], Rameshwar et al., [16], have studied the finite
amplitude cellular convection in RBC under the influence of a vertical magnetic field and
analyzed the magnetohydrodynamics (MHD) of electrically conducting fluid. Linear and
nonlinear properties of thermohaline convection at the onset with the stress-free boundary
conditions were investigated using perturbation analysis relevant to oceanic water and
groundwater by Rawoof Sayeed and Rameshwar [17]. The stationary and oscillatory
finite amplitude convections of a binary mixture with a porous medium were thoroughly
investigated by Rameshwar et al., [18,19]. Baklouti et. al. [20] studied the dynamics of
incompressible homogeneous turbulence by numerical simulations. Gupta et. al. [21] have
analytically examined the effect of rotational speed modulation on the onset of magneto-
thermal convection.

The extension studies related to geodynamo models proposed by Eltayeb [7,8], Roberts
and Jones [13], and Jones and Roberts [22] have been studied by Šoltis and Brestenský [23].
The authors Šoltis and Brestenský [23] studied the influence of anisotropic diffusive coeffi-
cients (thermal diffusion and viscosity) on marginal stability of the horizontal fluid planar
layer rotating about the vertical axis and permeated by a horizontal homogeneous magnetic
field. The linear stability analysis was thoroughly investigated by the authors for two dif-
ferent types of anisotropic diffusive coefficients. This model was further extended to study
the linear stability of the model of rotating magnetoconvection in the horizontal planar
layer dynamo by Filippi et al. [24], which is influenced by three anisotropic diffusivities,
such as viscosity, thermal diffusivity, and magnetic diffusivity.

In the present study, the nonlinear analysis was employed as proposed by Kuo [5]
to study the behavior of cross rolls of electrically conducting fluid in a rotating magnetic
system, given by Roberts and Jones [13]. Thus, the objectives of the present problem were
as follows:

• Investigate theoretically the nonlinear behavior of cross rolls which occur in the
vertically rotating Rayleigh–Bénard convective system of planar layer of electrically
conducting fluid in the presence of horizontal magnetic field;

• Solve the nonlinear partial differential equations using the perturbation method pro-
posed by Kuo [5], until the O(ε8) and obtain the approximate solutions;

• Obtain the combined effect of Lorenz and Coriolis forces with stress-free boundaries;
• Find the local (NL) and average (Nu) Nusselt numbers on the hot wall to understand

the development of heat flow and the rate of heat transfer, respectively;
• Obtain the cellular pattern of the fluid flow (streamlines) and hot regions (isotherms)

from the eigenfunctions related to stream function and temperature, respectively;
• Study the heatline patterns of the flow by using the heat function.
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The novelty of the present work is the study of finite amplitude cellular convection
when the stationary convection exists as a first instability. The dynamical behavior of the
system depends on the type of instabilities that occur in that system. Interesting convective
instabilities occur near the onset of convection which is analyzed from the linear stability
analysis. At the onset of convection, the system is unstable to either stationary convection
(at least one eigenvalue vanishes) or oscillatory convection (an eigenvalue with a purely
imaginary part) as a first instability. When an eigenvalue vanishes the principle of exchange
of stabilities occurs. In other words, a new steady state replaces the stable motionless
state of the fluid. When stationary convection exists, the continuous release of potential
energy is balanced by the viscous dissipation of mechanical energy and the convection
always occurs in a fairly regular pattern. The results from the linear stability analysis
of Roberts and Jones [13] show the occurrence of the modes such as parallel rolls, cross
rolls, and oblique rolls based on the wave numbers. Only stationary convection exists as a
first instability when the parallel rolls occur, but for the modes of cross rolls and oblique
rolls, both stationary convection and oscillatory convection can occur as a first instability
depending on the physical parameters. A detailed investigation of the linear stability
analysis of the present physical model has been studied by Roberts and Jones [13]. Hence,
the nonlinear dynamical behavior of the present considered physical model is investigated
when stationary convection exists.

In Section 2, the basic governing equations that are considered by Roberts and
Jones [13] are presented. The linear stability analysis is discussed in Section 3 to ob-
tain critical Rayleigh numbers for steady cross roll modes. The nonlinear solutions for the
field variables are presented in Section 4. In Section 5, the local Nusselt number (NL) and
average Nusselt number (Nu) are discussed. The distortion of streamlines and isotherms is
discussed in Section 6. The heat flow visualization is discussed in Section 7. Finally, the
conclusions are presented in Section 8.

2. Mathematical Model

In the present study the fluid with uniform density confined in an infinite horizontal
layer was considered. It was assumed that the whole configuration rotates about the vertical
axis (OZ) with angular velocity ~Ω(= Ω~1Z) in the presence of a uniform gravitational
field ~g (= g~1Z) and the uniform magnetic field ~B(= B0~1X) applied in the horizontal
direction where~1X is the unit vector along the X-axis and~1Z is the unit vector along Z-axis.
The Prandtl number is assumed to be large, so as to ignore the inertial forces in the
momentum equation in comparison to the Coriolis force [13]:

2~Ωρ0 × ~V ′ = −∇′P′ + ~J ′ ×
~B′

µm
+~gαρ0 T

′
+ µ∇′2 ~V ′ , (1)

∂~B′

∂t′
= ∇′ × (~V ′ × ~B′) + η∇′2~B′ , (2)

∂T
′

∂t′
+ ~V ′ · (∇′T′) = κ∇′2T

′
, (3)

∇′ · ~V ′ = 0, (4)

∇′ · ~B′ = 0, (5)

where P′ includes the centrifugal force, ~J ′ = ∇′ × ~B′ is the electric current density, and
other notations are given the nomenclature.
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We non-dimensionalized the Equations (1)–(5) using the corresponding length, time,
velocity, temperature, magnetic field, and pressure scales as d, d2

η , η
d , βd, B0, and 2Ωρ0η,

respectively.
Therefore, the non-dimensional governing equations are [13]:

~1Z × ~V = −∇P + Λ~J × ~B + qR T~1Z + E∇2~V, (6)

∂~B
∂t

= ∇× (~V × ~B) +∇2~B, (7)

∂T
∂t

+ ~V · (∇T) = q∇2T, (8)

∇ · ~V = 0, (9)

∇ · ~B = 0, (10)

where R = βgαd2/2Ωk is the modified Rayleigh number, which measures the ratio of
buoyancy force to Coriolis force, E = ν/2Ωd2 is the ratio of viscous and Coriolis forces,
Λ = B2

0/2Ωηµmρ0 is the ratio of magnetic force and Coriolis force, and q = κ/η is the
ratio between the thermal and magnetic diffusivities (the Roberts number). For the static
solutions from Equations (6)–(10), we obtain

~Vs ≡~0, ~Bs =~1X , Ts = −Z. (11)

After introducing the following perturbed quantities in the above static solutions,
we obtain

~V = ~Vs + ~V∗, ~B = ~Bs +~b∗, T = Ts +
θ∗

q
. (12)

For convenience the asterisk symbols are omitted in the further analysis. The perturbed
dimensionless governing equations are given by

E∇4W − ∂ωZ
∂Z

+ R∇h
2θ + Λ

∂

∂X
∇2bZ = Λ~1Z · ∇ × {∇× [(∇×~b)×~b]}, (13)

(
∂

∂t
+ ~V · ∇

)
θ − qW − q∇2θ = 0, (14)

(
∂

∂t
−∇2

)
bZ =

∂W
∂X

+~1Z · ∇ × (~V ×~b), (15)

(
∂

∂t
−∇2

)
JZ =

∂ωZ
∂X

+~1Z · ∇ × [∇× (~V ×~b)], (16)

E∇2ωZ + Λ
∂JZ
∂X

+
∂W
∂Z

+ Λ~1Z · ∇ × [(∇×~b)×~b] = 0, (17)

where

O2
h = ∂2

∂X2 +
∂2

∂Y2 , ∇2 = ∂2

∂X2 +
∂2

∂Y2 +
∂2

∂Z2 , ~V = (U, V, W), ~b = (bX , bY, bZ), JZ =

(∇×~b) ·~1Z, ωZ = (∇× ~V) ·~1Z .
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Eliminating θ, ωZ, bZ, and JZ from the linear part of Equations (13)–(17), we obtain

LW = N , (18)

L = L1 + L2 + L3 + L4 + L5 + L6 ,

and
N = N1 +N2 +N3 +N4 +N5,

where

L1 =

(
∂

∂t
− q∇2

)(
∂

∂t
−∇2

)2 ∂2

∂Z2 ,

L2 = E2
(

∂

∂t
− q∇2

)(
∂

∂t
−∇2

)2
∇6,

L3 = 2EΛ
(

∂

∂t
− q∇2

)(
∂

∂t
−∇2

)(
∂2

∂X2

)
∇4,

L4 = Λ2
(

∂

∂t
− q∇2

)(
∂4

∂X4

)
∇2,

L5 = RqE
(

∂

∂t
−∇2

)2
∇2∇h

2,

L6 = RqΛ
(

∂

∂t
−∇2

)(
∂2

∂X2

)
∇h

2,

and

N1 =

[
ER
(

∂

∂t
−∇2

)2
∇2∇h

2 + RΛ
(

∂

∂t
−∇2

)(
∂2

∂X2

)
∇h

2

]
(~V · ∇)θ,

N2 = −
[

EΛ
(

∂

∂t
− q∇2

)(
∂

∂t
−∇2

)
∇4 ∂

∂X
+ Λ2

(
∂

∂t
− q∇2

)(
∂3

∂X3

)
∇2
]
~1Z · ∇ × (~V ×~b),

N3 = −
[

Λ
(

∂

∂t
− q∇2

)(
∂

∂t
−∇2

)(
∂2

∂X∂Z

)]
~1Z · ∇ × [∇× (~V ×~b)],

N4 =

[
Λ2
(

∂

∂t
− q∇2

)(
∂

∂t
−∇2

)
∂2

∂X2

]
~1Z · ∇ ×∇× [(∇×~b)×~b)]

+

[
EΛ
(

∂

∂t
− q∇2

)(
∂

∂t
−∇2

)2
∇2

]
~1Z · ∇ ×∇× [(∇×~b)×~b)],

N5 = −
[

Λ
(

∂

∂t
− q∇2

)(
∂

∂t
−∇2

)2 ∂

∂Z

]
~1Z · ∇ × [(∇×~b)×~b)].

Because the surfaces are maintained at a uniform temperature,

θ = 0 on Z = 0 and 1, for all X, Y, (19)

and also normal component of the velocity should vanish on boundaries, i.e.,

W = 0 on Z = 0 and 1, for all X, Y. (20)

The conditions Equations (19) and (20) are independent of the nature of boundaries,
such as free–free or rigid–rigid, etc. In the present work, we assumed stress-free boundary
conditions [1], hence we obtain
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∂2W
∂Z2 =

∂ωZ
∂Z

= 0 on Z = 0 and 1, for all X, Y, (21)

JX = JY =
∂JZ
∂Z

= 0 on Z = 0 and 1, for all X, Y. (22)

Since the physical system is a triple diffusive system, it is unstable to either stationary
convection or oscillatory convection near the onset.

3. Linear Stability Analysis

At the onset of convection, the existing perturbations in the system are very small.
Hence, the nonlinear terms are smaller when compared to linear terms. The nonlinear
contributions are neglected from Equation (18). We obtain a linear differential equation
which is given as LW = 0. This process is called linearization. We obtain

[(
∂

∂t
− q∇2)(

∂

∂t
−∇2)2 ∂2

∂Z2 + E2(
∂

∂t
− q∇2)(

∂

∂t
−∇2)2∇6

+2EΛ(
∂

∂t
− q∇2)(

∂

∂t
−∇2)(

∂2

∂X2 )∇
4 + Λ2(

∂

∂t
− q∇2)(

∂4

∂X4 )∇
2

+R(qE(
∂

∂t
−∇2)2∇2∇h

2 + qΛ(
∂

∂t
−∇2)(

∂2

∂X2 )∇h
2)]W = 0. (23)

The resulting Equation (23) is linear. The normal mode solution was considered as
W(X, Y, Z, t) = W(Z)ei(aX+lY)+pt, where a is the wavenumber along X direction and l is
the wavenumber along Y direction. As such, a and l are real numbers and the growth rate
(p) may be constant complex number [13]. The marginal state is obtained from Re(p) = 0.
The two types of modes are classified using the eigenvalue p, namely, if Im(p) = 0, then
the steady modes exist and if Im(p) = ω 6= 0, then the oscillatory convection exists.
The preferred mode of convection depends on the physical parameters, which are relevant
to the Earth’s outer core. In Earth’s outer core, the parameters E and q are considered
as small and the Prandtl number is large. The orientation of rolls is classified based on
the wavenumber. The modes are parallel rolls, if the wavenumber a = 0 (the axis of
rolls are parallel to the applied magnetic field), if the wavenumber l = 0, gives the cross
rolls (the axis of the rolls are perpendicular to the applied magnetic field) and if both the
wavenumbers a 6= 0 and l 6= 0 give the oblique rolls. The linear and nonlinear studies of
the present physical model are based on l = 0, i.e., cross rolls.

The physical parameters E, Λ, q, and R are used to study the linear and nonlinear
behavior of the convective system. As the temperature gradient is increased, the unstable
mode may be of stationary convection or oscillatory convection near the onset. We imple-
mented the linear stability analysis using the normal mode analysis, i.e., by substituting
W(X, Y, Z, t) = W(z)e(iaX+pt) in the linearized equation LW = 0.

Stationary Convection (ω = 0)

By solving the linearized Equation (23), R = Rs value is obtained for stationary
convection and is given by

R =
πd2

2 + d2(Ed2
2 + Λa2)2

a2(Ed2
2 + Λa2)

,

where d2 = a2 + π2. The critical value of R is obtained from ∂R/∂a = 0. The critical
wavenumber is given by a2 = a2

cs = 2π2, and the critical Rayleigh number for stationary
convection is

Rcs =
9π5 + 3π2(9Eπ4 + 2Λπ2)2

2π2(9Eπ4 + 2Λπ2)
. (24)
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From the above result the marginal Rayleigh number (Rcs), E, and Λ values are
obtained for high rotation rates and weak field [13] by the linear stability analysis. The
critical values of control parameters were obtained to study the nonlinear behavior of cross
rolls. For small values of q, stationary convection occurs and for large values of q oscillatory
convection can occur. The value of Rs is free from q while the finite amplitudes depend on
q. For the nonlinear studies, a fixed q value as 0.01 was considered for which the stationary
convection occurs as a first instability near the onset. For small values of the parameters E
and Λ, the minimum value Rcs decreases as E decreases and as Λ increases. Thus, the effect
of E destabilizes the convective system when E decreases and the effect of Λ destabilizes
the convective system when Λ increases (see Figure 1).

Figure 1. The effect of Λ and E on Rcs.

The linear stability theory adopts a less ambitious objective to ascertain when a flow
is unstable to infinitesimal disturbances. It thus gives no prediction about transition
promoted by sufficiently large disturbance. The ultimate consequence of the instability
is never completely determined by linear theory. Thus, in the present study, an attempt
was made to understand the nonlinear convection in the presence of the Coriolis force and
magnetic field.

4. Method of Solution

The solutions of steady non-linear equations were obtained by following the method
proposed by Kuo [5]. These solutions converge more rapidly and are valid for larger
temperature differences. In this method, the dependent variables are first expressed as
infinite series of a set of orthogonal space functions. This approach to the solution sheds
light on the problem of transition to turbulent convection, which happens at a larger
temperature difference. An expansion parameter (ε), is defined by [5]:

ε2 =
R− Rcs

R
. (25)

Note that ε is less than one for all values of R. The solution of Equations (13)–(17) are
written as

f = ε f1 + ε2 f2 + ε3 f3 + ε4 f4 + ε5 f5 + ε6 f6 + · · · , (26)

where
f = f (U, W, θ, bX , bZ, ωZ, JZ).
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According to Equation (25), R is given by

R =
Rcs

1− ε2 , (27)

expanding Equation (27) in the power series of ε or by applying the finite formula

R = Rcs + Ros(ε
2 + ε4 + ε6 + · · ·+ ε2s), (28)

where

Ros =
Rcs

1− ε2s , s = 1, 2, 3 · · · (29)

By introducing Equations (26) and (28) in Equation (18), we obtain for the different ε
orders, a sequence of linear non homogeneous differential equations as

O(ε) : (L1 + L2 + L3 + L4)W1 + Rcs(L5 + L6)W1 = 0, (30)

O(ε2) : (L1 + L2 + L3 + L4)W2 + Rcs(L5 + L6)W2 = 0, (31)

O(ε3) : (L1 + L2 + L3 + L4)Wi + Rcs(L5 + L6)Wi + Ros(L5 + L6)Wi−2

+Ros(L5 + L6)Wi−4 = RcsN1 +N2 +N3 +N4 +N5, for i = 3. (32)

Similarly, at the orders O(ε4), O(ε5), we obtain

(L1 + L2 + L3 + L4)Wi + Rcs(L5 + L6)Wi + Ros(L5 + L6)Wi−2

+Ros(L5 + L6)Wi−4 = (Rcs + Ros)N1 +N2 +N3 +N4 +N5, for i = 4, 5. (33)

In general,
(L1 + L2 + L3 + L4)Wi + Rcs(L5 + L6)Wi + Ros(L5 + L6)Wi−2

+Ros(L5 + L6)Wi−4 = (Rcs + 2Ros)N1 +N2 +N3 +N4 +N5, for i ≥ 6. (34)

Here Li, i = 1, 2, 3, 4, 5, 6 is the linear operator and Ni, i = 1, 2, 3, 4, 5 represents the
nonlinear terms and are functions of Wi, θi, bXi, bZi, ωZi, and JZi. The auxiliary equations
for temperature field are given by(

∂

∂t
−∇2

)
θ1 = qW1, (35)

(
∂

∂t
−∇2

)
θ2 + (~V1 · ∇)θ1 = qW2. (36)

In general, (
∂

∂t
−∇2

)
θi +

i−1

∑
l=1

(~Vl · ∇)θi−l = qWi, for i ≥ 3. (37)

The auxiliary equations for the magnetic field(
∂

∂t
−∇2

)
bX1 =

∂U1

∂X
. (38)

In general,
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(
∂

∂t
−∇2

)
bXi =

∂Ui
∂X

+
∂

∂Y
(
U1bYi−1 + · · ·+ Ui−1bY1 −V1bXi−1 · · ·+ Vi−1bX1

)
+

∂

∂Z
(
U1bZi−1 + · · ·+ Ui−1bZ1 −W1bXi−1 · · ·+ Wi−1bX1

)
, for i ≥ 2, (39)

and (
∂

∂t
−∇2

)
bZ1 =

∂W1

∂X
. (40)

In general written as:(
∂

∂t
−∇2

)
bZi =

∂Wi
∂X
− ∂

∂X
(
U1bZi−1 + · · ·+ Ui−1bZ1 −W1bXi−1 · · ·+ Wi−1bX1

)
− ∂

∂Y
(
V1bZi−1 + · · ·+ Vi−1bZ1 −W1bYi−1 · · ·+ Wi−1bY1

)
for i ≥ 2. (41)

Likewise, the auxiliary equations for vorticity are

E∇2ωZ1 = −∂W1

∂Z
−Λ

∂JZ1

∂X
, (42)

in general,

E∇2ωZi = −
∂Wi
∂Z
−Λ

∂JZi

∂X
−Λ

∂

∂X
bX1

(
∂bYi−1

∂X
−

∂bXi−1

∂Y

)
+ · · · −Λ

∂

∂X
bXi−1

(
∂bY1

∂X
−

∂bX1

∂Y

)
+Λ

∂

∂X
bZ1

(
∂bZi−1

∂Y
−

∂bYi−1

∂Z

)
+ · · ·+ Λ

∂

∂X
bZi−1

(
∂bZ1

∂Y
−

∂bY1

∂Z

)
+Λ

∂

∂Y
bZ1

(
∂bXi−1

∂Z
−

∂bZi−1

∂X

)
+ · · · −Λ

∂

∂Y
bZi−1

(
∂bX1

∂Z
−

∂bZ1

∂X

)
+Λ

∂

∂Y
bY1

(
∂bYi−1

∂X
−

∂bXi−1

∂Y

)
+ · · ·+ Λ

∂

∂Y
bYi−1

(
∂bY1

∂X
−

∂bX1

∂Y

)
, for i ≥ 2, (43)

and (
∂

∂t
−∇2

)
JZ1 =

∂ωZ1

∂X
, (44)

in general written as:(
∂

∂t
−∇2

)
JZi =

∂ωZi

∂X
+

∂2

∂X∂Z
(
V1bZi−1 + · · ·+ Vi−1bZ1 −Wi−1bY1 − · · · −W1bYi−1

)
+

∂2

∂Y∂Z
(
Wi−1bX1 + · · ·+ W1bX1 −U1bZi−1 − · · · −Ui−1bZ1

)
+∇2

h
(
V1bXi−1 + · · ·+ Vi−1bX1 −Ui−1bY1 − · · · −U1bYi−1

)
, for i ≥ 2. (45)

4.1. Approximate Solutions

The approximate solutions U, W, θ, bX , and bZ are attained in terms of the amplitudes
near the onset of stationary convection. The horizontal two boundaries are stress-free, all
the space functions U, W, θ, bX , and bZ are sine and cosine functions. Thus, from Equations
(30), (35), (42), and (44) we have, to the first order periodic solutions as,

W1 = A1 cos aX sin πZ,

θ1 =
qA1

π2 + a2 cos aX sin πZ,
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bX1 = − πA1

π2 + a2 cos aX cos πZ,

bZ1 = − aA1

π2 + a2 sin aX sin πZ, (46)

where the nonlinear terms are used to calculate the amplitude A1. Normally, the terms in
Equation (26) are written as

Wi = Ai cos aX sin πZ + ∑
p1,q1

W(i)
p1q1 cos p1aX sin q1πZ, (47)

Ui =
1
a2

∂2Wi
∂Z∂X

, Vi =
1
a2

∂2Wi
∂Z∂Y

, ωZi =
∂Vi
∂X

, (48)

θi =
qAi

π2 + a2 cos aX sin πZ + ∑
p1,q1

θ
(i)
p1q1 cos p1aX sin q1πZ, (49)

bXi = −
πAi

(π2 + a2)
cos aX cos πZ + ∑

p1,q1

bX
(i)
p1q1 cos p1aX cos q1πZ, (50)

bZi = −
aAi

(π2 + a2)
sin aX sin πZ + ∑

p1,q1

bZ
(i)
p1q1 sin p1aX sin q1πZ, (51)

where W(i)
p1q1 , θ

(i)
p1q1 , bX

(i)
p1q1 , and bZ

(i)
p1q1 are nonlinear functions of A1, A2, A3,. . . Ai−1.

The unknown functions W(i)
p1q1 , θ

(i)
p1q1 , bX

(i)
p1q1 , and bZ

(i)
p1q1 are calculated by substituting

the Equations (47)–(51) in Equation (18).

4.2. Evaluation of Amplitude A1

To obtain the second order solutions W2, θ2, bX2 , and bZ2 , the nonlinear term N is
solved and Equation (31) is obtained. With N = 0, LW2 = 0 and

W(2)
02 = 0, θ

(2)
02 =

qA2
1

8π(π2 + a2)
and bX

(2)
02 =

A2
1

4(π2 + a2)
, bZ

(2)
02 = 0. (52)

The unknown functions W2, θ2, bX2 , and bZ2 are obtained from Equations (31), (36),
(39), and (41), respectively, and are given by

W2 = A2 cos aX sin πZ,

θ2 =
qA2

π2 + a2 cos aX sin πZ + θ02
(2)A1

2 sin 2πZ,

bX2 = − πA2

π2 + a2 cos aX cos πZ + bX02
(2)A1

2 cos 2πZ,

bZ2 = − aA2

π2 + a2 sin aX sin πZ. (53)

From Equation (32) for i = 3 the amplitude A1 is calculated. After using the first and
second order solutions, we write Equation (32) as

(L1 + L2 + L3 + L4)W3 + Rcs(L5 + L6)W3

= −Ros[qE(π2 + a2)3a2 + qΛ(π2 + a2)a4]

A1 cos aX sin πZ− Rcs[Ed2
3a2 + Λd2a4]πθ02

(2)A1
3 cos aX sin πZ
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−[a2bX02
(2)EΛqd2

4 + a4bX02
(2)Λ2qd2

2]
A1

3

2
cos aX sin πZ

+Rcs[E(a2 + 9π2)
3
a2 + Λ(a2 + 9π2)a4]πθ02

(2)A1
3 cos aX sin 3πZ

+[a2bX02
(2)EΛq(a2 + 9π2)

4
+ a4bX02

(2)Λ2q(a2 + 9π2)
2
]
A1

3

2
cos aX sin 3πZ

−[2π2a2

d2 bX02
(2) − a2 bX02

(2)

2
]A1

3 cos aX sin πZ

+[
2π2a2

d2 bX02
(2) − a2 bX02

(2)

(2)
]A1

3 cos aX sin 3πZ, (54)

where d2 = a2 + π2. By solving the above equation, A1 is given by

A1 = −

√(
2 ΛbX02

(2) π2 −ΛbX02
(2) d2 − π Rcs θ02

(2)
)

Ros q

2 ΛbX02
(2) π2 −ΛbX02

(2) d2 − π Rcs θ02
(2)

. (55)

The unknown functions W3, θ3, bX3 , and bZ3 are obtained from Equations (32), (37),
(39), and (41), respectively,

W3 = A3 cos aX sin πZ + W13
(3)A1

3 cos aX sin 3πZ,

θ3 =

(
qA3

π2 + a2 + θ11
(3)A1

3
)

cos aX sin πZ

+ θ13
(3)A1

3 cos aX sin 3πZ,

bX3 =

(
− πA3

π2 + a2 + bX11
(3)A1

3
)

cos aX cos πZ

+ bX13
(3)A1

3 cos aX cos 3πZ,

bZ3 =

(
− aA3

π2 + a2 + bZ11
(3)A1

3
)

sin aX sin πZ

+ bZ13
(3)A1

3 sin aX sin 3πZ. (56)

where
W(3)

13 =
1

D13

(
Rcs

(
qΛd13 a4 + Eqd13

3a2
)

π θ02
(2)
)

+
1

D13

((
1
2

a2EΛqd13
4 +

1
2

a4Λ2qd13
2
)

bX02
(2) +

(
2

π2a2

d2
− 1

2
a2
)

b(2)X02

)
,

θ
(3)
11 =

π θ
(2)
02

d2
, θ

(3)
13 =

−π θ
(2)
02 + W(3)

13 q
d13

,

and

bX
(3)
11 =

π bX
(2)
02

2d2
, bX

(3)
13 = −

3π W(3)
13

d2
−

3π bX
(2)
02

2d2
,

bZ
(3)
11 =

a bX
(2)
02

2d2
, bZ

(3)
13 = −

a W(3)
13

d2
−

a bX
(2)
02

2d2
,

D13 = −9 qπ2d3
13 − E2qd6

13 − 2 EΛqa2d4
13

−Λ2q2a4d2
13 + Rcs

(
qa2Ed3

13 + qΛa4d13

)
,

where d13 = a2 + 9π2. This iterative procedure is continued to find A2 to A6 and the
equivalent Wi, θi, bXi , bZi , ωZi , and JZi , etc.
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4.3. Calculation of A2 and A3

Initially, Equation (33) is simplified for i = 4, i.e.,

(L1 + L2 + L3 + L4 + Rcs(L5 + L6))W4 + Ros(L5 + L6)W2

= (Rcs + Ros)N1 +N2 +N3 +N4 +N5. (57)

The nonlinear terms Ni, i = 1, 2, 3, 4, 5 are analyzed by using the Equations (46), (53)
and (56). Solving the above Equation (57), we obtain A2 = 0. This indicates that every
second order approximate solutions vanish except for θ

(2)
02 and b(2)X02 as shown in Equation

(52). Therefore, Equation (57) decreases to

(L1 + L2 + L3 + L4 + Rcs(L5 + L6))W4 = K1 A1
4 cos 2aX sin 4πZ

+K2 A1
4 cos 2aX sin 2πZ + K3 A1 A3 cos 2aX sin 2πZ. (58)

The approximate solutions W4, θ4, bX4 , bZ4 are evaluated by Equations (33), (37), (39)
and (41) and those are given by

W4 = A4 cos aX sin πZ + K4 A4
1 cos 2aX sin 4πZ

+K5 A4
1 cos 2aX sin 2πZ + K6 A1 A3 cos 2aX sin 2πZ,

θ4 =
q

(a2 + π2)
A4 cos aX sin πZ + K7 A1 A3 sin 2πZ

+K8 A4
1 sin 2πZ + K9 A4

1 cos 2aX sin 2πZ + K10 A4
1 cos 2aX sin 4πZ

+K11 A4
1 sin 4πZ + K12 A1 A3 cos 2aX sin 2πZ,

bX4 =
−π

(a2 + π2)
A4 cos aX cos πZ + K13 A4

1 cos 2aX cos 4πZ

+K14 A4
1 cos 2aX cos 2πZ + K15 A1 A3 cos 2aX cos 2πZ,

bZ4 =
−a

(a2 + π2)
A4 sin aX sin πZ + K16 A4

1 sin 2aX sin 4πZ

+K17 A4
1 sin 2aX sin 2πZ + K18 A1 A3 sin 2aX sin 2πZ. (59)

To determine the value of A3, Equation (33) is solved for i = 5, and is given by

(L1 + L2 + L3 + L4 + Rcs(L5 + L6))W5 + Ros(L5 + L6)(W3 + W1)

= (Rcs + Ros)N1 +N2 +N3 +N4 +N5. (60)

Evaluating A3 from Equations (46), (53), (56), (59) and (60) we obtain,

A3 =
S1

S2
, (61)

where

S1 = −A1
5
(

Λ2qd2
2a3 + EΛqd2

4a
)(−π K17

4a
+

K14

4
−

b(2)X02W3
13

2
− 3π K5

4d2

)
a

+A1
5
(

Λ2qd2
2a2 + EΛqd2

4
)(
− a(2 π K14 + 2 aK17)

4d2
− π b(2)X02 b(3)Z11 − π b(2)X02 b(3)Z13 + K17

)
π a

+A1
5a2
(

Λ2qd2
2a2 + EΛqd2

4
)( π (2 π K14 + 2 aK17)

4d2
+

b(2)X02
2

(
π b(3)X11 + ab(3)Z11

))

−A1
5a2
(

Λ2qd2
2a2 + EΛqd2

4
)( b(2)X02

2

(
3 π b(3)X13 + ab(3)Z13

)
+ π b(2)X02 b(3)X11 − π b(2)X02 b(3)X13

)
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+
(

qΛd2 a4 + Eqd2
3a2
)(

π θ
(2)
02 W(3)

13 −
3π qK5

4d2
− π

K9

4
− π K8

)
A1

5Rcs

+
(

qΛd2 a4 + Eqd2
3a2
)(

π θ
(2)
02 W(3)

13 −
3π qK5

4d2
− π K9 − π K8

)
A1

5Ros

−ΛRos a4d2 q2 − ERos a2d2
3q2 −A1

5a2
(

Λ2qd2
2a2 + EΛqd2

4
)

K14,

and

S2 = −
(

qΛd2 a4 + Eqd2
3a2
)(
−π K8 − π θ

(2)
02 − π q

3K5

4

)
A1

2Rcs

−
(

qΛd2 a4 + Eqd2
3a2
)(
−π K8 − π θ

(2)
02 − π q

3K5

4

)
A1

2Ros

+A1
2
(

Λ2qd2
2a3 + EΛqd2

4a
)( b(2)X02

2
− π K17

4a
+

K14

4
− 3π K5

4d2

)
a

−A1
2
(

Λ2qd2
2a2 + EΛqd2

4
)(
− a(2 π K14 − 2 aK17)

4d2
+

π ab(2)X02
d2

+ K17

)
π a

−A1
2
(

Λ2qd2
2a2 + EΛqd2

4
)( π (2 π K14 + 2 aK17)

4d2
−

b(2)X02
2

)
a2

−A1
2
(

Λ2qd2
2a2 + EΛqd2

4
)(π2b(2)X02

d2
− K14

)
a2 + ΛRos a4d2 q2 + ERos a2d2

3q2.

The amplitude A3 is determined by using the first, second, third and fourth order
approximate solutions. From Equations (60), (37), (39) and (41), the fifth order approximate
solutions are obtained

W5 = A5 cos aX sin π Z

+
(

K19 A1
5 + K20 A1

2A3

)
cos 3 aX sin π Z

+
(

K21 A1
3 + K22 A1

5 + K23 A1
2A3

)
cos aX sin 3 π Z

+
(

K24 A1
5 + K25 A1

2A3

)
cos 3 aX sin 3 π Z

+K26 A1
5 cos aX sin 5 π Z + K27 A1

5 cos 3 aX sin 5 π Z, (62)

θ5 =

(
qA5
d2

+ K28 A1
2A3

)
cos aX sin π Z

+
(

K29 A1
3 + K30 A1

5 + K31 A1
2A3

)
cos aX sin 3 π Z

+
(

K32 A1
5 + K33 A1

2A3

)
cos 3 aX sin π Z

+
(

K34 A1
5 + K35 A1

2A3

)
cos 3 aX sin 3 π Z

+K36 A1
5 cos aX sin 5 π Z + K37 A1

5 cos 3 aX sin 5 π Z, (63)

bX5 =

(
−π A5

d2
+ K38 A1

5
)

cos aX cos π Z

+
(

K39 A1
3 + K40 A1

5 + K41 A1
2A3

)
cos aX cos 3 π Z

+
(

K42 A1
5 + K43 A1

2A3

)
cos 3 aX cos π Z
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+
(

K44 A1
5 + K45 A1

2A3

)
cos 3 aX cos 3 π Z

+K46 A1
5 cos aX cos 5 π Z + K47 A1

5 cos 3 aX cos 5 π Z, (64)

bZ5 =

(
− aA5

d2
+ K48 A1

5 + K49 A1
2A3

)
sin aX sin π Z

+
(

K50 A1
3 + K51 A1

5 + K52 A1
2A3

)
sin aX sin 3 π Z

+
(

K53 A1
5 + K54 A1

2A3

)
sin 3 aX sin π Z

+
(

K55 A1
5 + K56 A1

2A3

)
sin 3 aX sin 3 π Z

+K57 A1
5 sin aX sin 5 π Z + K58 A1

5 sin 3 aX sin 5 π Z. (65)

Here the coefficients Ki, i = 1, 2, . . . 58 in Equations (58)–(65) are functions of a, E, Λ, and q.
The simplifications become more critical as ε order increases. Similarly, the simplification
was carried until the eighth order of Equation (34) to calculate for A4, A5, and A6. Proceed-
ing as above, it can be observed that A2 = A4 = A6 = 0.

5. Convective Heat Transport

The changes in the two-dimensional flow patterns are illustrated by the local Nusselt
number, NL, distributions over the heated plate. The heat transport coefficient in terms of
the NL is expressed as [16,25]

NL =
∂T
∂n

, (66)

here n denotes the normal direction on a plane. The heat transport is measured by the
average Nusselt number (Nu), which is independent of Z and is given by

Nu = WT − ∂T
∂Z

, (67)

here the bar indicates a horizontal mean. Using Equation (67), Nu is obtained by integrating
the expression over the boundary, Z = 0 [16].

Nu =
1
L

∫ L

0
WT − ∂T

∂Z
|z=0dX, (68)

where L is the normalized horizontal cell width.

5.1. Local Nusselt Number (NL)

Figure 2a illustrates the changes of NL for distinct values of E with respect to X.
In selected regions, the number of peaks and the location of maximum and minimum
of NL values depend on E. The maximum of NL value is constant, as X increases for
defined E. However, as E decreases, the number of peaks is increased in a selected region.
Figure 2b illustrates the variation of NL for different Λ concerning to X. The location of
the maximum NL value is independent of the dimensionless plate length but depends on
Λ. The existence of the number of peaks in the given region of X increases, as Λ increases.
Figure 2b illustrates the heat that is transported from the fluid to the boundary is increased
as Λ increase.
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Figure 2. Variation of NL with respect to X. (a) Λ = 0.2 and q = 0.01 for different E, (b) E = 0.005 and
q = 0.01 for different Λ.

5.2. Average Nusselt Number (Nu)

The dependency of Nu on the control parameters was studied near and away from the
onset of stationary convection. Let Nu(2)(s = 1), Nu(4)(s = 2) and Nu(6)(s = 3), indicate
the second-, fourth- and sixth-order approximations, for Nu, respectively. The second order
approximation is given by

Nu(2) = 1 +
2qRos

2Λ(a2 − π2) + Rcs
. (69)

The approximations for Nu(4) and Nu(6) are lengthy, so it is not shown here to conserve
space. The change of Nu with respect to R is shown in Figure 3 for different values of E
and Λ. Figure 3a shows the effect of E on Nu in the R plane for fixed Λ = 0.2 and q = 0.01.
It illustrates that the rate of heat transfer is enhanced for decreasing E. Figure 3b shows
the effect of Λ on heat transfer rate for fixed E = 0.005 and q = 0.01. The enhancement of
heat transfer is observed for increasing Λ values. The small values of q are relevant to
Earth’s outer core. It is very difficult to perform numerical simulations for small values
of the physical parameters. For q < 1 stationary convection is preferred [13]. Figure 3c
shows that for q < 1 and as q increases, the Nu increase. Thus the effect of q < 1 shows, the
heat transfer rate are enhanced and accordingly the intensity of the flow rate also increase.
The change of kinetic energy with respect to R/Rcs is represented in Figure 4. Figure 4a
demonstrates the change in Nu for various E values as well as for a fixed value of Λ = 0.2.
The change in E produces small change in the potential energy, in comparison with the
kinetic energy. Thus, the total energy decreases as E increase. Figure 4b shows the energy
distribution for different Λ and for fixed E = 0.005 and q = 0.01. The amplifying values of
Λ show that the total energy is also increased.
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Figure 3. Dependence of Nussult number (Nu) on Rayleigh number (R/Rcs). (a) Λ = 0.2 and q = 0.01
for different E, (b) E = 0.005 and q = 0.01 for different Λ, (c) E = 0.005 and Λ = 0.2 for different q.

Figure 4. Dependence of kinetic energy and potential energy on Rayleigh number (R/Rcs) are
plotted. (a) Λ = 0.2 and q = 0.01 for different E, (b) E = 0.005 and q = 0.01 for different Λ.
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6. Distortion of Streamlines and Isotherms

The fluid flow behavior is visualized by the stream function (Ψ) which is obtained
from the velocity components U and W. The relation between the velocity components and
stream function (Ψ) is [26]

U = −∂Ψ
∂Z

and W =
∂Ψ
∂X

,

which produce a single equation

Ψ = ∇2Ψ = 0 for X = 0,
√

2π/a and Z = 0, 1.

The points with equal temperature connected with lines are called isotherms. The
snapshots of the heat transport and flow field near the onset of stationary convection are
expressed in terms of streamlines and isotherms.

The general attributes of the streamlines and isotherms with respect to the variation
in R, E, and Λ are shown in Figures 5–8. Figure 5 illustrates the pattern of streamlines
and isotherms near the onset of convection (R ' Rcs). Figure 5a, shows the pattern of
streamlines for E = 0.005, Λ = 0.2, q = 0.01. The absolute maximum and the absolute
minimum values of circular strengths are 0.11215 and −0.11216, respectively. Figure 5c
shows the pattern of streamlines for E = 0.01, Λ = 0.2. This figure shows the absolute
maximum and the absolute minimum values of circular strengths as 0.11243 and −0.11243,
respectively. From Figure 5a,c the maximum strength of rolls at R ' Rcs are decreased as
E increases. Thus, as E increases, Rcs also increases, accordingly Nu decreases and hence
the absolute maximum of circulation strength decreases. Figure 5e illustrate the pattern
of streamlines with E = 0.005 and Λ = 0.4. These streamlines have the absolute minimum
and maximum values with the circular strengths as −0.12116 and 0.121117, respectively.
By comparing Figure 5a,e, the periodic rectangular rolls are observed near the R ' Rcs, but
as Λ increases the maximum strength of rolls is increased and the minimum strength of
roll decreases. Thus, as Λ increases, Rcs decreases, accordingly Nu increases, and hence the
absolute maximum of circulation strength increases. Figure 5a–f are plotted for the values
of R ' Rcs and the flow pattern are rectangular rolls and follows the symmetric nature
over the range of 0 ≤ X ≤ 1. Since the stream function equations show the symmetric
property. Similarly, for the same values of E and Λ, the isotherms formed as horizontal lines
near R ' Rcs, as shown in Figure 5b,d,f. At R ' Rcs, the strength of isotherms is of small
magnitude, representing the conduction dominant heat transport inside the considered
region. These isotherms are smooth lines that span over the whole region.
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Figure 5. Cont.
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Figure 5. The Effect of E and Λ near Rcs, streamlines (a) for E = 0.005, Λ = 0.2, and q = 0.01,
(c) E = 0.01, Λ = 0.2, and q = 0.01, (e) E = 0.005, Λ = 0.4, and q = 0.01 and isotherms (b) E = 0.005,
Λ = 0.2, and q = 0.01, (d) E = 0.01, Λ = 0.2, and q = 0.01, (f) E = 0.005, Λ = 0.4, and q = 0.01
are plotted.

Figure 6. Cont.
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Figure 6. The Effect of R = 10Rcs, 20Rcs, 30Rcs and 80Rcs, streamlines (a,c,e,g) and isotherms (b,d,f,h)
are plotted for E = 0.005, Λ = 0.2, and q = 0.01.
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Figure 7. The Effect of E = 0.01 and 0.015, streamlines (a,c) and isotherms (b,d) are plotted for Λ = 0.2,
R = 20Rcs, and q = 0.01.

The snapshot of streamlines and isotherms for different values of R and for fixed
values of E = 0.005, Λ = 0.2, and q = 0.01 are displayed in Figure 6a–h. It is observed
that for R = 10Rcs and for the cell lying between 0 ≤ X ≤ 1, the absolute minimum and
maximum values are with the circulation strengths −43.4965 and 43.4965, respectively,
as shown in Figure 6a. As R increases from Rcs to 10Rcs, the basic cells become more
deformed due to the growth of two vortices B and B′ located at the top right and bottom
left boundaries with the circulation strength−16.315. The basic cell with two vortices A and
A′ has circulation strength 38.059. The temperature profiles in terms of isotherms are illus-
trated in Figure 6b for same values of physical parameters that are considered in Figure 6a.
The isotherms are of nearly in wavy shape with the absolute maximum and minimum
values of −0.00212 and −1.00271, respectively. It indicates the maximum of heat transfer
process is occurred by convection. Figure 6c,d illustrate the streamlines and isotherms for
R = 20Rcs. The temperature gradient and the gravitational buoyancy force act together
and changes the flow structure as shown in Figure 6c. The bicellular patterns of streamlines
turn out to be multicellular models and these cells divide the field of motion at the core
for a cell lies between 0 ≤ X ≤ 1 with the absolute maximum and minimum values of
circulation strengths 220.829 and−220.845, respectively. The vortices B and B′ showed their
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presence with−82.822 as the circulation strength in the opposite direction of an original cell.
For these considered values of physical parameters, the behavior of isotherms is shown
in Figure 6d, which exhibit the mode of convective heat transport inside the fluid layer.
In the fluid layer, the absolute maximum and minimum values of isotherms are respectively,
−0.00275 and −1.0052. When R is increased from 20Rcs to 30Rcs, the small vortices B and
B′ shown in Figure 6c are increased with circulation strength −398.740. Thus, the basic cell
encountered more deformation (Figure 6e) and has the absolute maximum and minimum
values at 638.172 and −638.027, respectively. Accordingly, the isotherm curves develop
more deformation. The absolute maximum and minimum values of isotherms in the layer
are, respectively, −0.00449 and −1.01101. As R is increased from 30Rcs to 80Rcs (Figure 6g),
the two vortices B and B′ grow in size and split the basic cell into two vortices located
on either side of the secondary cell with the absolute maximum (9976.78) and minimum
(−9977.74) strengths. The heat flow pattern becomes chaotic, which is shown in Figure 6h
when R increases to 80Rcs. The absolute maximum and minimum values of isotherms in
the layer are, respectively, 8.75285 and −9.67347. From Figure 6, it is observed that as R
increases from Rcs to 80Rcs, the onset of turbulent flows are producible.

Figure 8. The Effect of Λ = 0.4 and 0.6, streamlines (a,c) and isotherms (b,d) are plotted for E = 0.005,
R = 20Rcs and q = 0.01.

Figure 7a–d, illustrate the streamlines and isotherms for different values of E and for a
fixed set of other parameters R = 20Rcs, Λ = 0.2, and q = 0.01. The behavior of the flow
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field was investigated by considering the flow pattern in the region 0 ≤ X ≤ 1, as shown in
Figure 6a–d (E = 0.005) and Figure 7a–d (E = 0.01 and 0.015). Figure 7a shows streamlines
for E = 0.01 in the considered range of X. The absolute maximum and minimum values
of circulation strengths are 162.15 and −162.149, respectively. There exist two vortices B
and B′ outside the basic cell with the circulation strength −82.806 as shown in Figure 7a.
The basic cell also contains two vortices namely A and A′ with a circulation strength of
141.881. Figure 7c is plotted for E = 0.015, which has the absolute maximum and absolute
minimum values of circulation strength as 140.453 and −140.471, respectively. The flow
pattern in the region 0 ≤ X ≤ 1 contains a deformed basic cell due to the growth of two
vortices B and B′ that exist at either side of the basic cell and are located at the top and
bottom boundaries with circulation strength −60.81. The basic cell also has two vortices
A and A′ with a circulation strength value of 122.90. Finally from Figures 6c and 7a,c it is
observed that the strength of the basic cell and pattern deformation decrease as E increases.
This implies that the effect of E stabilizes the convective system. The flow of heat transfer
is shown in Figure 7b,d for E = 0.01 and 0.015, respectively.

Figure 8a–d show the streamlines and isotherms for different Λ values and for
E = 0.005, R = 20Rcs, and q = 0.01. The effect of Λ was studied from Figures 6c,d
and 8a–d. In Figure 8a the streamlines are plotted for Λ = 0.4. By considering the flow pat-
tern in the range of 0 ≤ X ≤ 1, the absolute maximum and minimum values of circulation
strengths are 436.721 and −436.747, respectively. In this range, the basic cell is deformed by
two vortices B and B′, which are located at the top right and bottom left of the layer and on
either side of the basic cell with circulation strength −272.97. The basic cell also encloses
two vortices A and A′ with strength 382.13. Figure 8c shows the streamlines for Λ = 0.6 in
the considered range of 0 ≤ X ≤ 1, with the absolute maximum and minimum values of
circulation strength 663.595 and −663.555, respectively. In addition, there exist two vortices
B and B′ with circulation strength −414.71. The basic cell also enclosed two vortices A and
A′ with circulation strength 580.65. As Λ increases from 0.4 to 0.6 the deformation and
circulation strength of cells (A, A′) increase. This implies that the effect of Λ destabilizes the
convective system. The isotherms are plotted in Figures 6d and 8b,d for distinct values of
Λ = 0.2, 0.4 and 0.6. The lines of isotherms change to a more circular form as Λ increases.
Thus, the incremental values of Λ destabilize the convective system.

Topology of Flow

The topology constraint is based on the Euler number (ζ
′
) of the flow. As described by

Jana et al. [27], ζ
′

on the surface is defined as the sum of the Poincare indices of the critical
points on the surface and is given by

NE− (NH +
1
2

NP) = ζ
′
, (70)

here the NE represents the number of elliptic points, NH is the number of hyperbolic
points, and NP is the number of parabolic points [28,29]. In Figure 9a, the vorticity
contours are exhibited for R ' Rcs, E= 0.005, Λ= 0.2 and q = 0.01. The present simulated
flow fulfils the topological rule given in Equation (70) with NP = 0 , NH = 2, and NE = 2.
For R = 20Rcs, an equivalent investigation has been done for vorticity contours in Figure 9b
and Equation (70) is satisfied with NP = 0, NE = 8, and NH = 8.
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Figure 9. Vorticity lines for (a) R ' Rcs, E = 0.005, Λ = 0.2, and q = 0.01, (b) R = 20Rcs, E = 0.005,
Λ = 0.2, and q = 0.01.

7. Heat Function

Heatlines depict the convective heat transport phenomenon, whereas the isotherms
are mainly useful for visualizing heat transfer in the domain of conduction. The heat
function and heatline analyzes were developed by Kimura and Bejan [30] to visualize
heat transmission through the fluid flow, later Morega and Bejan [31] successfully used
the concept of heatlines. Different researchers [32–35] used this concept for dissimilar
applications of natural convective systems. The heat function (H∗) is defined as

∂H∗

∂X
= WT − ∂T

∂Z
, (71)

−∂H∗

∂Z
= UT − ∂T

∂X
, (72)

where T = Ts + θ and Ts = T0−Z. The Equations (71) and (72) do not exhibit the symmetric
property. Differentiating Equations (71) and (72) with respect to X and Z, respectively, and
subtracting the resulting equations yields

∂2H∗

∂X2 +
∂2H∗

∂Z2 =
∂(WT)

∂X
− ∂(UT)

∂Z
. (73)

From the definition of heat function, Equations (71) and (72), the boundary conditions
on H∗ follow [16]:

H∗(X, 0) = H∗(0, 0) +
∫ X

0
(WT − ∂T

∂Z
)dX, at Z = 0 and 0 ≤ X ≤

√
2π/a, (74)

H∗(X, 1) = H∗(0, 1) +
∫ X

0
(WT − ∂T

∂Z
)dX, at Z = 1 and 0 ≤ X ≤

√
2π/a, (75)

H∗(0, Z) = H∗(0, 0)−
∫ Z

0
(UT − ∂T

∂Z
)dZ, at X = 0 and 0 ≤ Z ≤ 1, (76)

H∗(
√

2π/a, Z) = H∗(
√

2π/a, 0)−
∫ Z

0
(UT − ∂T

∂Z
)dZ, at X =

√
2π/a and 0 ≤ Z ≤ 1. (77)
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Results and Discussion for Heatlines

Figure 10a–d, illustrate the pattern of heatlines for different Rayleigh number values,
R ' Rcs, R = 1.05Rcs, 1.15Rcs and 1.25Rcs, respectively, for fixed values of E = 0.005,
Λ = 0.2, and q = 0.01. When the system is at a conduction state (R < Rcs) heat-
lines are always parallel to Z-axis and perpendicular to isotherms. Figure 10a illustrates
the heatlines for R ' Rcs. It is observed that the heatline contours within the domain
are normal to the Z = 0 and Z = 1 lines due to conduction dominant heat transfer.
For R ' Rcs, the absolute maximum and minimum values of heatlines are 10.2224
and 0.0241, respectively, in the considered range 0 ≤ X ≤ 5. In the neighborhood of
X = 0, the heatlines at the center of the system depict the structure which is similar to the
parabolic structure. The curvature at the central part of the system increases as X increases.
This shows that the nonlinear propagation of heat transfer occurs when R ' Rcs.
Hence, the transition takes place from the conduction state to the convection state at
R ' Rcs. Figure 10b is plotted for R = 1.05Rcs. The absolute maximum and mini-
mum values of heatlines are 10.3081 and −0.2774, respectively, in the considered range
0 ≤ X ≤ 5. The heatline with a strength of −0.18 exist near the line X = 0 and the
heatline with strength 9.69 exist at X = 5. The strength of heatlines increases as X increases.
Some heatlines occurred in the form of a closed path. As R increases from Rcs the heatlines
with same strength are changed to a closed path as shown in Figure 10a,b. For higher
values, this indicates that the convective heat flow is more intense at the center. Figure
10c shows heatlines at R = 1.15Rcs and having the absolute maximum and minimum
values of heatlines 10.3666 and −0.62655, respectively. In this figure, the number of closed
paths of heatlines at the center is increased for R = 1.15Rcs. The size of closed path of
heatlines for R = 1.15Rcs is more than that for R = 1.05Rcs. Figure 10d shows the heat-
lines for R = 1.25Rcs with the absolute maximum and minimum values of 10.3972 and
−0.88096, respectively. The number of closed paths of heatlines increases at the center for
R = 1.25Rcs. The size of closed path of heatlines for R = 1.25Rcs is increased in comparison
with that of the heatlines for R = 1.15Rcs. For large R, the convective heat transmission
is more intense. It is observed that the heatlines become denser with the increase in R.
Figure 10a–d indicate that the heat transfer across the layer is increased as R increases. Heat-
lines will not exhibit periodic patterns due to the non-symmetry nature of Equations (71)
and (72).

Figures 10b and 11a,b are plotted with the same strength of heatlines so as to analyze
the influence of E on heat flow for the fixed values of Λ, R, and q. In the considered range
of 0 ≤ X ≤ 5, for E = 0.01, (Figure 11a) the absolute maximum and minimum values of
heatlines are noted to be 8.4264 and −0.18554, respectively, and for E = 0.015 (Figure 11b)
these values are 7.51142 and −0.11574, respectively. In both of these Figure 11a,b, the
heatlines intensity decays with E. The size of the closed path and the number of closed
paths with the same strength decreased as E increases. From Figures 10b and 11a,b it is
fascinating to observe the inhibition of temperature in the central regime as E increases.

Figures 10b and 12a,b are plotted with the same strength of heatlines to analyze the
effect of Λ on heat flow for the fixed values of E, R, and q. In the considered range of
0 ≤ X ≤ 5 for Λ = 0.4 (Figure 12a) with the absolute maximum and minimum values
of heatlines as 8.55642 and −0.23723, respectively. These values for Λ = 0.6 (Figure 12b)
are 7.74043 and −0.18296, respectively. In both Figure 12a,b, the heatlines are dominated
by convection and form closed loops. The size and the number of closed loops with the
same strength increase as Λ increases. From Figures 10b and 12a,b it is observed that the
temperature within the central regime is enhanced as Λ increase by observing heatlines.
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Figure 10. The effect of R ' Rcs, R = 1.05Rcs, 1.15Rcs and 1.25Rcs, heatlines (a–d) are plotted for
E = 0.005, Λ = 0.2, T0 = 1, and q = 0.01, respectively.
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Figure 11. The effect of E = 0.01 and 0.015, heatlines (a,b) are plotted for Λ = 0.2, R = 1.05Rcs, T0 = 1,
and q = 0.01.
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Figure 12. The effect of Λ = 0.4 and 0.6, heatlines (a,b) are plotted for E = 0.005, R = 1.05 Rcs, T0 = 1,
and q = 0.01.

8. Conclusions

The nonlinear natural convection was studied in a planer layer of electrically con-
ducting fluid that rotates about the vertical axis in the presence of a uniform horizontal
magnetic field and vertical temperature gradient. This problem has applications in Earth’s
liquid core. The present results help to enhance understanding of the finite amplitude
convection when the coupling between the Lorentz force and the Coriolis force present in
nonlinear planar layer convection-driven dynamos.

• Linear stability analysis showed that as the small values of E keep decreasing or
Λ increasing, the Rcs decreases, i.e., the effect of E stabilizes and Λ destabilizes
the system.

• Theoretically investigated the nonlinear behavior of cross rolls that occur in the
Rayleigh–Bénard convective system of a planar layer dynamo of electrically conduct-
ing fluid rotating about the vertical axis in the presence of a horizontal magnetic field.

• The nonlinear partial differential equations was solved using the perturbation method,
until O(ε8) and obtained the approximate solutions.

• Computed the local Nusselt number (NL) and averaged Nusselt number (Nu) on the hot
wall to understand the development of heat flow and the rate of heat transfer, respectively.

• The number of peaks is fixed for a given E while the value of the peak is independent
of X for a given E. The absolute peak values of NL increase as E increases. The number
of peaks is fixed for a given Λ. The value of the peak is independent of X for a given
Λ. The absolute peak value of NL increases as Λ decrease. From the NL results, it is
noted that the heat flux is high for decreasing E or increasing Λ.

• It is observed that the Ekman number (E) generates a strong damping effect on heat
transfer at high rotation rates but the heat transport enhances as Λ increases. The
Roberts number (q) < 1, enhances the heat transfer rate and accordingly the intensity
of the flow rate also increases. Similarly, the total energy decays as E increases. The
increment in the values of Λ show, the increase in the total energy.

• Obtained the cellular pattern of fluid flow (streamlines) and the hot regions (isotherms)
from the eigenfunctions related to the stream function and temperature, respectively.
From the streamlines and isotherms trajectories, it is observed that, for the lower
values of E the deformation of the fluid pattern is enhanced and more transfer of heat
in the flow occurs due to the presence of lesser viscous force in comparison with the
Coriolis force. Similarly, for the amplifying values of Λ, there is more deformation in
the streamlines and isotherms. This result shows, in the presence of Coriolis force, the
magnetic field destabilizes the system.
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• Studied the heatline patterns of the flow by using the heat function. The results show
that the deformation in the trajectories of heatlines are enhanced as E decreases. A
similar trend of deforming heatlines is observed with increasing Λ.
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Nomenclature
A Amplitude
~B Magnetic field
~Bs Static magnetic field
B0 Characteristic field strength
a Wavenumber
P Modified pressure
E Ekman number
~1Z Unit vector along Z-axis
~1X Unit vector along X-axis
q Ratio of thermal and magnetic diffusivities
d The convective zone depth
~g Gravitational field
Nu Nusselt number
H* Heat function
R Modified Rayleigh number
Rc Critical Rayleigh number
Rcs Critical Rayleigh number for stationary convection
T0 Reference temperature
T Temperature field
Ts Static temperature
∆T Temperature difference between top and bottom layers
~V Velocity field
~Vs Static velocity
U, V, W Velocity components
X, Y, Z Cartesian coordinates
t Time
RBC Rayleigh–Bénard Convection

Greek symbol
Λ Elsasser number
β Adverse temperature gradient
θ Perturbed temperature
η Magnetic diffusivity
ρ Density
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ρ0 Reference density
κ Coefficient of thermal diffusivity
ν Kinematic viscosity
α Thermal expansion coefficient
µ Dynamic viscosity
µm Magnetic permeability
~ω Vorticity field
Ω Angular velocity
ω Frequency of oscillations

Superscript
′ Dimensional form
* Perturbed quantities
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Abstract 
This paper explores orthonormal eigenfunction expansions for solving iterative boundary value problems 

(BVPs) on time scales, a framework that unifies continuous and discrete calculus. We establish theoretical results 
concerning the eigenvalue problem on time scales, including orthonormality conditions and expansions. We apply 
these expansions to iterative boundary value problems and present numerical examples to illustrate the efficiency 
of the method. The convergence properties are also discussed, and potential applications in dynamic systems are 
highlighted.  
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1.1 1  Introduction 
 
Boundary value problems (BVPs) play a critical role in applied mathematics, encompassing various 

domains such as physics, engineering, and finance. These problems are typically modeled using differential 
equations for continuous systems or difference equations for discrete systems. However, the time scales 
framework, introduced by Hilger in 1988 [10], provides a unified platform to handle both discrete and continuous 
cases, offering greater flexibility in mathematical modeling. 

The time scales calculus extends the classical results from differential and difference equations, 
providing new avenues for tackling BVPs. Notably, the framework supports iterative methods for solving 
boundary value problems efficiently. To formalize this, we begin by introducing the fundamental concepts and 
relevant lemmas. 

 
1.1. 1.1  Basic Results on Time Scales 

 
 
Definition 1.1 Let 𝕋 be a time scale, a non-empty closed subset of the real numbers ℝ. The forward jump 



 S. Lalitha, Alaka Krishna Rao, Ronanki Ravisankar, K.V.Vidyasagar 
 
 

Library Progress International| Vol.44 No.3 | Jul-Dec 2024                                                           17869 
 

operator 𝜎: 𝕋 → 𝕋 is defined as  
 𝜎(𝑡) = inf{𝑠 ∈ 𝕋: 𝑠 > 𝑡}. 

 
 
 
Theorem 1 (Hilger's Unification Theorem) For any time scale 𝕋, if 𝕋 = ℝ, the forward jump operator 

behaves as 𝜎(𝑡) = 𝑡, corresponding to the classical derivative. If 𝕋 = ℤ, 𝜎(𝑡) = 𝑡 + 1, corresponding to the 
forward difference.  

 
 
Proof. This follows directly from the definition of the jump operator, as for ℝ, there is no smallest 

element greater than 𝑡 except 𝑡 itself. For ℤ, the next element is 𝑡 + 1.  
 
The extension of boundary value problems to time scales requires understanding how differential and 

difference equations can be solved iteratively. For this, orthonormal eigenfunction expansions provide a robust 
method of approximation. 

 
1.1. 1.2  Eigenfunction Expansions on Time Scales 

 
 
Lemma 2 Let 𝐿[𝑦](𝑡) be a linear operator defined on a time scale 𝕋. Suppose 𝑦(𝑡) satisfies the 

eigenvalue problem  
 𝐿[𝜙௡](𝑡) = 𝜆௡𝜙௡(𝑡), 

where 𝜆௡ are eigenvalues and {𝜙௡}௡ୀଵ
ஶ  are corresponding orthonormal eigenfunctions. Then, any function 𝑦(𝑡) 

can be approximated by the series expansion  
 𝑦(𝑡) = ∑ஶ

௡ୀଵ 𝑐௡𝜙௡(𝑡), 
where 𝑐௡ = 〈𝑦, 𝜙௡〉.  

 
 
Proof. The orthonormality of {𝜙௡}௡ୀଵ

ஶ  guarantees that 𝑦(𝑡) can be projected onto the eigenfunction basis. 
The expansion follows from standard results in functional analysis [7].  

 
 
Corollary 1 For sufficiently smooth functions 𝑦(𝑡), the eigenfunction expansion converges uniformly to 

𝑦(𝑡) on compact intervals of 𝕋.  
 
 

 
Figure  1: Graph showing the rapid decay of eigenfunction coefficients 𝑐௡ as 𝑛 increases, demonstrating the 

efficiency of the orthonormal expansion. 
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The eigenfunction expansions can be efficiently employed for solving boundary value problems 

iteratively. The following proposition formalizes this. 
 Let 𝐿[𝑦](𝑡) be a self-adjoint operator on 𝕋, and let {𝜙௡(𝑡)} be the orthonormal eigenfunctions. Then the 

iterative solution of the BVP  
 𝐿[𝑦](𝑡) = 𝑓(𝑡),    𝑦(𝑎) = 𝐴,    𝑦(𝑏) = 𝐵, 

can be approximated by  
 𝑦(𝑡) = ∑ே

௡ୀଵ 𝑐௡𝜙௡(𝑡),    with𝑐௡ = 〈𝑓, 𝜙௡〉, 
where 𝑁 is the number of terms used in the truncated series.  

 
Proof. The operator 𝐿[𝑦](𝑡) is self-adjoint, ensuring that its eigenfunctions form a complete orthonormal 

set. By projecting 𝑓(𝑡) onto this set, the coefficients 𝑐௡ can be computed, and the series provides an iterative 
approximation of the solution.  

 
 

1.1. 1.3  Applications and Graphical Representation 
 
The effectiveness of this method is not only theoretical but also practical, as demonstrated by its 

application to several classical problems. 
 

 
Figure  2: Schematic plot of the iterative boundary value solution for 𝑦(𝑡), with specific boundary conditions at 

𝑡 = 𝑎 and 𝑡 = 𝑏. 
  
 
Corollary 2 The eigenfunction expansion method can be applied to both continuous (𝕋 = ℝ) and 

discrete (𝕋 = ℤ) cases, providing a unified approach to solving boundary value problems iteratively.  
 
The following graph demonstrates the rapid convergence of the method. 
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Figure  3: Error reduction as the number of iterations increases in the BVP solution, demonstrating the 

efficiency of the iterative method. 
   
The framework of time scales, combined with orthonormal eigenfunction expansions, offers a robust 

method for solving boundary value problems iteratively. The unification of continuous and discrete systems under 
this approach provides a flexible and powerful tool for applied mathematics. 

Boundary value problems (BVPs) are a central topic in applied mathematics and appear in various fields 
such as physics, engineering, and finance. Classical methods for solving these problems typically rely on 
differential equations for continuous domains or difference equations for discrete domains. However, the 
framework of time scales, introduced by Hilger [10], provides a unified approach to treat both discrete and 
continuous cases. 

 
Recent studies on dynamic equations on time scales have focused on extending classical methods to this 

framework [3, 11]. The use of orthonormal eigenfunction expansions, which are well-established in continuous 
and discrete systems [7], offers an efficient way to approximate solutions of iterative BVPs on time scales. In this 
paper, we explore how eigenfunction expansions can be employed to solve BVPs iteratively, with emphasis on 
their application to time scales. 

 
1.2 2  Preliminaries 

 
The theory of time scales provides a unified framework to study dynamic equations that can handle both 

continuous and discrete cases. A time scale 𝕋 is defined as a non-empty closed subset of the real numbers ℝ. The 
main objective of time-scale calculus is to unify the theory of difference equations (discrete) and differential 
equations (continuous), offering a broader toolset for modeling dynamic processes. 

 
1.2. 2.1  Basic Definitions 

 
We begin by defining the essential operators on time scales that generalize the classical derivative and 

difference operator. 
 
Definition 2.1 A time scale 𝕋 is a non-empty closed subset of ℝ. The forward jump operator 𝜎: 𝕋 → 𝕋 

is defined by  
 𝜎(𝑡) = inf{𝑠 ∈ 𝕋: 𝑠 > 𝑡},    𝑡 ∈ 𝕋, 

where 𝜎(𝑡) represents the next point in 𝕋 greater than 𝑡. If 𝑡 is the maximum of 𝕋, we set 𝜎(𝑡) = 𝑡.  
 
 
Definition 2.2 The graininess function 𝜇: 𝕋 → [0, ∞) is defined as  
 𝜇(𝑡) = 𝜎(𝑡) − 𝑡. 
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Lemma 3 For any time scale 𝕋:   
    1.  If 𝕋 = ℝ, then 𝜎(𝑡) = 𝑡 and 𝜇(𝑡) = 0 for all 𝑡 ∈ 𝕋.  
    2.  If 𝕋 = ℤ, then 𝜎(𝑡) = 𝑡 + 1 and 𝜇(𝑡) = 1 for all 𝑡 ∈ 𝕋.  
  
 
 
Proof. This follows directly from the definitions. For the real numbers, there is no greater point after 𝑡, 

so 𝜎(𝑡) = 𝑡. For the integers, the next point after 𝑡 is 𝑡 + 1, so 𝜎(𝑡) = 𝑡 + 1.  
 
Next, we define the delta derivative, which generalizes the concept of a derivative on arbitrary time 

scales. 
 
Definition 2.3 The delta derivative of a function 𝑓: 𝕋 → ℝ, denoted 𝑓௱(𝑡), is defined as  
 𝑓୼(𝑡) = lim

௦→௧

௙(ఙ(௧))ି௙(௧)

ఙ(௧)ି௧
= lim

௦→௧

௙(ఙ(௧))ି௙(௧)

ఓ(௧)
,    𝑡 ∈ 𝕋, 

provided this limit exists. This derivative generalizes the classical derivative (for 𝕋 = ℝ) and the forward 
difference (for 𝕋 = ℤ).  

 
 
Theorem 4 (Unification of Derivatives) Let 𝑓: 𝕋 → ℝ be a function on a time scale 𝕋. The delta 

derivative 𝑓௱(𝑡) satisfies:   
    1.  If 𝕋 = ℝ, then 𝑓୼(𝑡) = lim௛→଴

௙(௧ା௛)ି௙(௧)

௛
, which is the classical derivative.  

    2.  If 𝕋 = ℤ, then 𝑓୼(𝑡) = 𝑓(𝑡 + 1) − 𝑓(𝑡), which is the forward difference.  
  
 
 
Proof. For 𝕋 = ℝ, 𝜎(𝑡) = 𝑡 and 𝜇(𝑡) = 0. Applying the definition of the delta derivative yields the 

classical derivative. For 𝕋 = ℤ, 𝜎(𝑡) = 𝑡 + 1 and 𝜇(𝑡) = 1, so the delta derivative becomes the forward 
difference.  

 
 

1.2. 2.2  Example of Delta Derivatives 
 
We provide an example to illustrate how the delta derivative operates on different time scales. 
 Consider the function 𝑓(𝑡) = 𝑡ଶ.   
    1.  On the time scale 𝕋 = ℝ, the delta derivative is the classical derivative:  
 𝑓୼(𝑡) =

ௗ

ௗ௧
𝑡ଶ = 2𝑡. 

 
    2.  On the time scale 𝕋 = ℤ, the delta derivative becomes the forward difference:  
 𝑓୼(𝑡) = (𝑡 + 1)ଶ − 𝑡ଶ = 2𝑡 + 1. 

 
  

1.2. 2.3  Dynamic Equations on Time Scales 
 
A dynamic equation on a time scale 𝕋 is an equation that involves the delta derivative of a function. We 

focus on first-order and second-order dynamic equations. 
 
Definition 2.4 A first-order dynamic equation on a time scale 𝕋 has the form  
 𝑦୼(𝑡) = 𝑓(𝑡, 𝑦(𝑡)), 

where 𝑦୼(𝑡) is the delta derivative of 𝑦(𝑡) and 𝑓(𝑡, 𝑦(𝑡)) is a known function.  
 
 
Definition 2.5 A second-order dynamic equation on a time scale 𝕋 has the form  
 𝑦୼୼(𝑡) = 𝑓(𝑡, 𝑦(𝑡), 𝑦୼(𝑡)), 

where 𝑦୼୼(𝑡) is the delta second derivative of 𝑦(𝑡).  
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Lemma 5 If 𝑦(𝑡) satisfies a first-order dynamic equation on 𝕋 and 𝕋 = ℝ, then the solution is governed 

by a differential equation. If 𝕋 = ℤ, the solution is governed by a difference equation.  
 
 
Proof. When 𝕋 = ℝ, the delta derivative reduces to the classical derivative, and the dynamic equation 

becomes a standard differential equation. When 𝕋 = ℤ, the delta derivative becomes the forward difference, 
yielding a difference equation.  

 
1.2. 2.4  Graphical Representation 

 
The relationship between the time scale and the delta derivative can be visualized as follows: 
 

 
Figure  4: Graph of 𝑓(𝑡) = 𝑡ଶ on the time scale 𝕋 = ℝ. The function is smooth, and its delta derivative is the 

classical derivative. 
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Figure  5: Graph of 𝑓(𝑡) = 𝑡ଶ on the time scale 𝕋 = ℤ. The function is discrete, and its delta derivative is the 

forward difference. 
  

1.2. 2.5  Convergence and Stability 
 
The stability of solutions to dynamic equations on time scales is governed by properties similar to those 

in classical systems. We state the following theorem. 
 
Theorem 6 Consider the first-order dynamic equation 𝑦௱(𝑡) = −𝑘𝑦(𝑡) on a time scale 𝕋. If 𝑘 > 0, the 

solution 𝑦(𝑡) is stable and converges to zero as 𝑡 → ∞.  
 
 
Proof. The general solution to the dynamic equation is  
 𝑦(𝑡) = 𝑦(𝑡଴)𝑒ି௞(௧ି௧బ). 

As 𝑡 → ∞, the exponential term 𝑒ି௞(௧ି௧బ) tends to zero, leading to 𝑦(𝑡) → 0.  
 
The stability of the solutions can be visualized in the following graph. 
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Figure  6: Graph showing the stability and convergence of 𝑦(𝑡) for 𝑘 > 0 in the dynamic equation 𝑦୼(𝑡) =

−𝑘𝑦(𝑡). 
  
 
The preliminaries of time-scale calculus provide a powerful tool to unify discrete and continuous 

systems. By understanding the delta derivative and dynamic equations, we are well-equipped to study boundary 
value problems across various time scales. 

 
1.3 3  Main Results 

 
In this section, we study iterative boundary value problems (BVPs) on a time scale 𝕋. Let the BVP be 

represented by the linear differential equation  
 𝐿[𝑦](𝑡) = 𝑓(𝑡), 

subject to the boundary conditions  
 𝑦(𝑎) = 𝐴,    𝑦(𝑏) = 𝐵, 

where 𝐿 is a linear differential operator, 𝑓(𝑡) is a known function, and 𝑦(𝑡) is the unknown solution. We aim to 
solve this problem using orthonormal eigenfunction expansions. 

 
1.3. 3.1  Eigenvalue Problem on Time Scales 

 
The first step in solving the BVP is to consider the corresponding eigenvalue problem:  
 𝐿[𝜙௡](𝑡) = 𝜆௡𝜙௡(𝑡), 

where 𝜆௡ are the eigenvalues and {𝜙௡(𝑡)}௡ୀଵ
ஶ  are the orthonormal eigenfunctions associated with 𝐿. These 

eigenfunctions satisfy the orthonormality condition  
 〈𝜙௡, 𝜙௠〉 = ∫

௕

௔
𝜙௡(𝑡)𝜙௠(𝑡)Δ𝑡 = 𝛿௡௠, 

where 𝛿௡௠ is the Kronecker delta, and the integral is taken over the time scale 𝕋. 
 
Lemma 7 The eigenfunctions {𝜙௡(𝑡)}௡ୀଵ

ஶ  form a complete orthonormal basis for the Hilbert space 
𝐿ଶ([𝑎, 𝑏], 𝕋).  

 
 
Proof. Let 𝐿 be a self-adjoint linear operator acting on functions in the space 𝐿ଶ([𝑎, 𝑏], 𝕋). By the spectral 

theorem for self-adjoint operators, the eigenfunctions {𝜙௡(𝑡)}௡ୀଵ
ஶ  corresponding to distinct eigenvalues {𝜆௡}௡ୀଵ

ஶ  
of the operator 𝐿 form a complete orthonormal set in the Hilbert space 𝐿ଶ([𝑎, 𝑏], 𝕋). We will now elaborate on 
the proof in two parts: orthonormality and completeness. 

Orthonormality: To prove that the eigenfunctions are orthonormal, we need to show that for 𝑛 ≠ 𝑚:  
 〈𝜙௡, 𝜙௠〉 = ∫

௕

௔
𝜙௡(𝑡)𝜙௠(𝑡)Δ𝑡 = 0, 

and for 𝑛 = 𝑚:  
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 〈𝜙௡, 𝜙௡〉 = ∫
௕

௔
𝜙௡(𝑡)ଶΔ𝑡 = 1. 

Since 𝐿 is self-adjoint, for any two distinct eigenfunctions 𝜙௡(𝑡) and 𝜙௠(𝑡) corresponding to eigenvalues 𝜆௡ and 
𝜆௠, respectively, we have:  

 𝐿[𝜙௡](𝑡) = 𝜆௡𝜙௡(𝑡),    𝐿[𝜙௠](𝑡) = 𝜆௠𝜙௠(𝑡). 
Taking the inner product of 𝐿[𝜙௡] with 𝜙௠, we get:  

 〈𝐿[𝜙௡], 𝜙௠〉 = 𝜆௡〈𝜙௡, 𝜙௠〉. 
Similarly, by the self-adjoint property of 𝐿, we also have:  

 〈𝐿[𝜙௠], 𝜙௡〉 = 〈𝜙௠, 𝐿[𝜙௡]〉 = 𝜆௡〈𝜙௠, 𝜙௡〉 = 𝜆௡〈𝜙௡, 𝜙௠〉. 
But since 𝜆௡ ≠ 𝜆௠, this implies:  

 〈𝜙௡, 𝜙௠〉 = 0. 
Thus, the eigenfunctions corresponding to distinct eigenvalues are orthogonal. 

Next, we normalize each eigenfunction 𝜙௡(𝑡) so that:  
 〈𝜙௡, 𝜙௡〉 = ∫

௕

௔
𝜙௡(𝑡)ଶΔ𝑡 = 1. 

Therefore, the set {𝜙௡(𝑡)} is orthonormal. 
Completeness: To prove that the set of eigenfunctions is complete, we need to show that any function 

𝑦(𝑡) ∈ 𝐿ଶ([𝑎, 𝑏], 𝕋) can be expressed as a series expansion in terms of the eigenfunctions:  
 𝑦(𝑡) = ∑ஶ

௡ୀଵ 𝑐௡𝜙௡(𝑡), 
where the coefficients 𝑐௡ are given by:  

 𝑐௡ = 〈𝑦, 𝜙௡〉 = ∫
௕

௔
𝑦(𝑡)𝜙௡(𝑡)Δ𝑡. 

Since 𝐿 is self-adjoint, the eigenfunctions {𝜙௡(𝑡)} span the entire space 𝐿ଶ([𝑎, 𝑏], 𝕋). Assume there exists a 
function 𝑦(𝑡) ∈ 𝐿ଶ([𝑎, 𝑏], 𝕋) that cannot be expressed as a linear combination of the eigenfunctions. Then, there 
would exist a non-zero function 𝑦(𝑡) orthogonal to all 𝜙௡(𝑡), meaning:  

 〈𝑦, 𝜙௡〉 = 0    ∀𝑛. 
This would imply 𝑦(𝑡) lies in the null space of 𝐿, but since the eigenfunctions {𝜙௡(𝑡)} form a complete basis, the 
only function orthogonal to all of them must be the zero function. Thus, 𝑦(𝑡) = 0, contradicting our assumption. 

Therefore, any function 𝑦(𝑡) ∈ 𝐿ଶ([𝑎, 𝑏], 𝕋) can be written as a series expansion in terms of the 
eigenfunctions {𝜙௡(𝑡)}. This proves the completeness of the eigenfunction set. 

Hence, the eigenfunctions {𝜙௡(𝑡)} form a complete orthonormal basis for the space 𝐿ଶ([𝑎, 𝑏], 𝕋).  
 
 The solution 𝑦(𝑡) to the boundary value problem can be expressed as an eigenfunction expansion:  
 𝑦(𝑡) = ∑ஶ

௡ୀଵ 𝑐௡𝜙௡(𝑡), 
where the coefficients 𝑐௡ are given by  

 𝑐௡ = 〈𝑓, 𝜙௡〉 = ∫
௕

௔
𝑓(𝑡)𝜙௡(𝑡)Δ𝑡. 

 
 
Proof. We begin by assuming that the set of eigenfunctions {𝜙௡(𝑡)}௡ୀଵ

ஶ  forms a complete orthonormal 
basis for the Hilbert space 𝐿ଶ([𝑎, 𝑏], 𝕋), as established in the previous lemma. The linear operator 𝐿 is self-adjoint, 
and the boundary value problem is given by:  

 𝐿[𝑦](𝑡) = 𝑓(𝑡),    𝑦(𝑎) = 𝐴,    𝑦(𝑏) = 𝐵, 
where 𝐿 is a linear operator, and 𝑓(𝑡) is a given function. 

Step 1: Expansion of 𝒇(𝒕) in terms of eigenfunctions 
Since the eigenfunctions {𝜙௡(𝑡)} form an orthonormal basis, the function 𝑓(𝑡) ∈ 𝐿ଶ([𝑎, 𝑏], 𝕋) can be 

expanded as a series in terms of the eigenfunctions:  
 𝑓(𝑡) = ∑ஶ

௡ୀଵ 〈𝑓, 𝜙௡〉𝜙௡(𝑡), 
where 〈𝑓, 𝜙௡〉 denotes the inner product of 𝑓(𝑡) with 𝜙௡(𝑡), which is defined as:  

 〈𝑓, 𝜙௡〉 = ∫
௕

௔
𝑓(𝑡)𝜙௡(𝑡)Δ𝑡. 

Thus, the function 𝑓(𝑡) is represented as a series of projections onto the eigenfunctions {𝜙௡(𝑡)}. Each term in the 
series corresponds to the contribution of the eigenfunction 𝜙௡(𝑡) to the representation of 𝑓(𝑡). 

Step 2: Solving the eigenvalue problem 
The eigenvalue problem associated with the operator 𝐿 is given by:  
 𝐿[𝜙௡](𝑡) = 𝜆௡𝜙௡(𝑡), 

where 𝜆௡ are the eigenvalues corresponding to the eigenfunctions 𝜙௡(𝑡). Since 𝐿 is self-adjoint, its eigenfunctions 
are orthogonal, and we can express the solution to the boundary value problem as a linear combination of these 
eigenfunctions. The solution 𝑦(𝑡) to the BVP can thus be written as:  

 𝑦(𝑡) = ∑ஶ
௡ୀଵ 𝑐௡𝜙௡(𝑡), 

where the coefficients 𝑐௡ are unknown and need to be determined. 
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Step 3: Determination of coefficients 𝒄𝒏 
To determine the coefficients 𝑐௡, we substitute the expansion for 𝑦(𝑡) into the original equation 

𝐿[𝑦](𝑡) = 𝑓(𝑡). Applying the linear operator 𝐿 to the series expansion of 𝑦(𝑡), we get:  
 𝐿[𝑦](𝑡) = 𝐿(∑ஶ

௡ୀଵ 𝑐௡𝜙௡(𝑡)) = ∑ஶ
௡ୀଵ 𝑐௡𝐿[𝜙௡](𝑡). 

Using the fact that 𝐿[𝜙௡](𝑡) = 𝜆௡𝜙௡(𝑡), we have:  
 𝐿[𝑦](𝑡) = ∑ஶ

௡ୀଵ 𝑐௡𝜆௡𝜙௡(𝑡). 
Equating this to 𝑓(𝑡), which was previously expanded in terms of {𝜙௡(𝑡)}, we get:  

 𝑓(𝑡) = ∑ஶ
௡ୀଵ 〈𝑓, 𝜙௡〉𝜙௡(𝑡) = ∑ஶ

௡ୀଵ 𝑐௡𝜆௡𝜙௡(𝑡). 
By comparing the coefficients of 𝜙௡(𝑡) on both sides of the equation, we obtain:  

 𝑐௡𝜆௡ = 〈𝑓, 𝜙௡〉, 
which leads to the expression for the coefficients:  

 𝑐௡ =
〈௙,థ೙〉

ఒ೙
. 

Step 4: Final expression for 𝒚(𝒕) 
Thus, the solution 𝑦(𝑡) to the boundary value problem is given by the eigenfunction expansion:  
 𝑦(𝑡) = ∑ஶ

௡ୀଵ 𝑐௡𝜙௡(𝑡) = ∑ஶ
௡ୀଵ

〈௙,థ೙〉

ఒ೙
𝜙௡(𝑡). 

Step 5: Boundary conditions 
To satisfy the boundary conditions 𝑦(𝑎) = 𝐴 and 𝑦(𝑏) = 𝐵, we impose the boundary constraints on the 

eigenfunction expansion. Since the eigenfunctions {𝜙௡(𝑡)} satisfy the boundary conditions individually, the 
expansion of 𝑦(𝑡) as a linear combination of these eigenfunctions automatically satisfies the boundary conditions:  

 𝑦(𝑎) = ∑ஶ
௡ୀଵ 𝑐௡𝜙௡(𝑎) = 𝐴,    𝑦(𝑏) = ∑ஶ

௡ୀଵ 𝑐௡𝜙௡(𝑏) = 𝐵. 
The coefficients 𝑐௡ are determined uniquely based on the function 𝑓(𝑡) and the boundary conditions. 

Conclusion 
Thus, the solution 𝑦(𝑡) to the boundary value problem can be expressed as an eigenfunction expansion 

in terms of the orthonormal eigenfunctions {𝜙௡(𝑡)}, with the coefficients 𝑐௡ determined by projecting 𝑓(𝑡) onto 
the eigenfunctions. The final form of the solution is:  

 𝑦(𝑡) = ∑ஶ
௡ୀଵ

〈௙,థ೙〉

ఒ೙
𝜙௡(𝑡), 

where  
 〈𝑓, 𝜙௡〉 = ∫

௕

௔
𝑓(𝑡)𝜙௡(𝑡)Δ𝑡. 

 
 
 
Corollary 3 The eigenfunction expansion converges uniformly if 𝑓(𝑡) is sufficiently smooth. For smooth 

functions, the convergence rate is determined by the smoothness of 𝑓(𝑡) and the behavior of the eigenvalues 𝜆௡.  
 
 

1.3. 3.2  Convergence of the Eigenfunction Expansion 
 
The convergence of the eigenfunction expansion is guaranteed by the completeness of the eigenfunctions 

in the space 𝐿ଶ([𝑎, 𝑏], 𝕋). The following theorem establishes the rate of convergence of the expansion. 
 
Theorem 8 Let 𝑦(𝑡) be the solution to the boundary value problem, and let 𝑓(𝑡) be a smooth function. 

The error in the approximation of 𝑦(𝑡) by truncating the series after 𝑁 terms is given by  
 𝐸ே(𝑡) = 𝑦(𝑡) − ∑ே

௡ୀଵ 𝑐௡𝜙௡(𝑡), 
and satisfies the bound  

 ∥ 𝐸ே(𝑡) ∥≤ 𝐶𝑁ି௣, 
for some constant 𝐶 and 𝑝 > 0, depending on the smoothness of 𝑓(𝑡).  

 
 
Proof. This follows from standard results in spectral theory. If 𝑓(𝑡) is smooth, the Fourier coefficients 

𝑐௡ decay rapidly, leading to faster convergence of the truncated series.  
 
 
Lemma 9 For sufficiently large 𝑁, the error in the eigenfunction expansion 𝐸ே(𝑡) decays exponentially 

if 𝑓(𝑡) is analytic, i.e.,  
 ∥ 𝐸ே(𝑡) ∥≤ 𝐶𝑒ିఈே, 

where 𝐶 and 𝛼 are positive constants depending on the analytic properties of 𝑓(𝑡).  
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Figure  7: Graph showing the rapid decay of eigenfunction coefficients 𝑐௡ as 𝑛 increases, demonstrating the 

efficiency of the orthonormal expansion. 
  
 

1.3. 3.3  Iterative Solution of the BVP 
 
The eigenfunction expansion method provides an iterative approach to solving the boundary value 

problem. At each iteration, the solution is updated by including additional terms from the expansion. 
 
Theorem 10 Let 𝑦ே(𝑡) be the approximation to the solution 𝑦(𝑡) obtained by truncating the 

eigenfunction expansion after 𝑁 terms:  
 𝑦ே(𝑡) = ∑ே

௡ୀଵ 𝑐௡𝜙௡(𝑡). 
Then, 𝑦ே(𝑡) converges to the exact solution 𝑦(𝑡) as 𝑁 → ∞.  

 
 
Proof. Since {𝜙௡(𝑡)}௡ୀଵ

ஶ  is a complete orthonormal basis, the series expansion of 𝑦(𝑡) converges in the 
𝐿ଶ norm. As 𝑁 → ∞, the truncation error 𝐸ே(𝑡) tends to zero, and 𝑦ே(𝑡) → 𝑦(𝑡).  

 
 The iterative method can be accelerated by choosing appropriate weights for each term in the expansion. 

Specifically, let the weighted expansion be  
 𝑦ே(𝑡) = ∑ே

௡ୀଵ 𝑤௡𝑐௡𝜙௡(𝑡), 
where 𝑤௡ are weights chosen to minimize the error in each iteration.  

 
Corollary 4 The choice of weights 𝑤௡ =

ଵ

ఒ೙
 leads to faster convergence for boundary value problems 

where the eigenvalues 𝜆௡ grow rapidly.  
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Figure  8: Error reduction as the number of iterations increases in the BVP solution, demonstrating the 

efficiency of the iterative method. 
  
 
The eigenfunction expansion method offers a robust and efficient approach for solving boundary value 

problems on time scales. By expanding the solution in terms of orthonormal eigenfunctions, we can obtain 
accurate approximations that converge rapidly, depending on the smoothness of the function. The iterative method 
based on eigenfunction expansions provides a powerful tool for solving complex boundary value problems. 

 
1.4 4  Numerical Examples 

 
In this section, we demonstrate the application of the orthonormal eigenfunction expansion to a boundary 

value problem on the discrete time scale 𝕋 = ℤ. We consider the second-order dynamic equation:  
 𝑦୼୼(𝑡) + 𝜆𝑦(𝑡) = 𝑓(𝑡), 

with the boundary conditions:  
 𝑦(0) = 0,    𝑦(5) = 0, 

where 𝑓(𝑡) is a known forcing function, and 𝜆 is a constant. This type of boundary value problem on a discrete 
time scale can be efficiently solved using eigenfunction expansions. 

Step 1: Eigenvalue Problem 
We begin by solving the corresponding eigenvalue problem:  
 𝑦୼୼(𝑡) + 𝜆௡𝑦(𝑡) = 0,    𝑦(0) = 0,    𝑦(5) = 0. 

The general solution to this difference equation is given by:  
 𝑦(𝑡) = 𝐴cos(𝜔௡𝑡) + 𝐵sin(𝜔௡𝑡), 

where 𝜔௡ = ඥ𝜆௡ is the eigenfrequency associated with the eigenvalue 𝜆௡. Applying the boundary conditions 
𝑦(0) = 0 and 𝑦(5) = 0 yields:  

 𝐴 = 0,    𝐵sin(𝜔௡ ⋅ 5) = 0. 
For non-trivial solutions, we must have:  

 sin(𝜔௡ ⋅ 5) = 0, 
which implies:  

 𝜔௡ =
௡గ

ହ
,    for  𝑛 = 1,2,3, … 

Thus, the eigenvalues are given by:  

 𝜆௡ = ቀ
௡గ

ହ
ቁ

ଶ

. 
The corresponding eigenfunctions are:  

 𝜙௡(𝑡) = sin ቀ
௡గ

ହ
𝑡ቁ ,    𝑛 = 1,2,3, … 

Step 2: Expansion of the Forcing Function 𝒇(𝒕) 
Let the forcing function 𝑓(𝑡) be given. We expand 𝑓(𝑡) in terms of the eigenfunctions 𝜙௡(𝑡):  
 𝑓(𝑡) = ∑ஶ

௡ୀଵ 〈𝑓, 𝜙௡〉𝜙௡(𝑡), 
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where the coefficients 〈𝑓, 𝜙௡〉 are given by the projection of 𝑓(𝑡) onto the eigenfunctions:  
 〈𝑓, 𝜙௡〉 = ∑ହ

௧ୀ଴ 𝑓(𝑡)sin ቀ
௡గ

ହ
𝑡ቁ. 

 Step 3: Solution Approximation 
The solution to the boundary value problem is then approximated by the truncated eigenfunction 

expansion:  
 𝑦(𝑡) ≈ ∑ே

௡ୀଵ
〈௙,థ೙〉

ఒ೙
𝜙௡(𝑡), 

where the coefficients are determined by the previously computed projections. For 𝑁 = 10, we truncate the series 
and calculate the solution. 

Step 4: Numerical Computation and Graphical Representation 
We now compute the solution numerically using the truncated series. Let us assume the following form 

for the forcing function:  
 𝑓(𝑡) = 5sin ቀ

గ

ହ
𝑡ቁ. 

We compute the projections:  
 〈𝑓, 𝜙௡〉 = ∑ହ

௧ୀ଴ 5sin ቀ
గ

ହ
𝑡ቁ sin ቀ

௡గ

ହ
𝑡ቁ, 

and then compute the approximate solution using:  
 𝑦(𝑡) ≈ ∑ଵ଴

௡ୀଵ
〈௙,థ೙〉

ఒ೙
sin ቀ

௡గ

ହ
𝑡ቁ. 

The following figure shows the computed solution for 𝑁 = 10: 
 

   
Figure  9: Numerical solution of the boundary value problem using the eigenfunction expansion truncated at 

𝑁 = 10. 
  
Step 5: Error Analysis 
To quantify the accuracy of the solution, we compute the error between the exact and numerical solutions. 

The error at each point 𝑡 is given by:  
 𝐸(𝑡) = |𝑦ୣ୶ୟୡ୲(𝑡) − 𝑦୬୳୫ୣ୰୧ୡୟ୪(𝑡)|. 

Since the exact solution for the homogeneous equation is known to be zero at the boundaries, we measure the 
deviation from the expected behavior at the intermediate points. 

The following graph shows the error for 𝑁 = 10: 
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Figure  10: Error between exact and numerical solutions for the boundary value problem. 

  
Step 6: Convergence 
As 𝑁 increases, the eigenfunction expansion converges more rapidly to the exact solution. The 

convergence rate depends on the smoothness of the forcing function 𝑓(𝑡). The following figure shows how the 
error decreases as we increase the number of terms 𝑁 in the truncated expansion: 

 

 
Figure  11: Convergence of the solution as the number of terms 𝑁 in the eigenfunction expansion increases. 

  
In this example, we demonstrated the effectiveness of the orthonormal eigenfunction expansion in 

solving iterative boundary value problems on the discrete time scale 𝕋 = ℤ. By using a truncated series of 
eigenfunctions, we obtained an accurate approximation of the solution. The numerical results showed rapid 
convergence and low error, highlighting the efficiency of the method. 

 
1.5 5  Conclusion 

 
This paper presents a method for solving iterative boundary value problems on time scales using 

orthonormal eigenfunction expansions. The unified framework provided by time-scale calculus allows us to 
handle both continuous and discrete cases effectively. The eigenfunction expansions offer an efficient and 
accurate way to approximate solutions, as demonstrated by the numerical examples. Future work will focus on 
extending these methods to nonlinear BVPs and investigating their applications in control theory and dynamic 
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Abstract
A sturdy eco-friendly synthesis technique was applied, utilizing leaf extract from the Buddha Belly plant (Jatropha podag-
rica) as a capping agent, to produce copper oxide nanorods (CuO NRs). Analysis of HR-TEM and SEM images confirmed 
that these NRs exhibit a rod-like shape and possess a monoclinic crystalline structure with an average size of 8–14 nm. 
The FT-IR spectrum displayed characteristic vibration modes related to the Cu–O bond between 433 and 526 cm−1. The 
photocatalytic efficiency of the NRs was tested by exposing them to sunlight in the presence of Rhodamine B (RhB) and 
Crystal Violet (CV) dyes. Remarkably, the NRs degraded 95–97% of the dyes within 1–2 h. When employing 150 µL of the 
NRs in a well diffusion method, inhibitory zones measuring 14, 16, 13, and 11 mm were noted against Bacillus coagulans, 
Staphylococcus aureus, Escherichia coli, and Klebsiella pneumoniae, respectively. This study demonstrates that JP-CuO 
NRs effectively remove dyes from aqueous solutions and kill bacteria.
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Introduction

In today's world, there has been a consistent rise in indus-
trial activity and population numbers, leading to the intro-
duction of various new pollutants into water bodies. Nota-
bly, industries such as textiles, paper, leather, and printing 
are major sources of harmful dye effluents, posing serious 
ecological and health risks [1]. Dyes like Rhodamine B 
(RhB) and Crystal Violet (CV) are particularly concerning 
due to their potential ingestion hazards for both humans 
and animals, as well as their ability to cause skin, eye, and 
respiratory irritation [2]. Additionally, the reemergence 
of infectious diseases and the increasing prevalence of 
antibiotic resistance in various pathogenic bacteria are 
significant global public health challenges. Enterococ-
cus, Staphylococcus, and Streptococcus, closely related 
species of harmful microorganisms, are responsible for a 
wide range of infections and diseases, contributing to the 
urgency of addressing these issues [3].

In recent decades, there has been notable progress 
in nanotechnology. A key focus in material science has 
been the development of nanoparticles (NPs) with adjust-
able morphology, allowing for precise control over their 
shape, size, and arrangement [4]. Extensive research has 
been dedicated to exploring their wide-ranging applica-
tions, spanning chemical and biological sensing, medi-
cal therapeutics, antimicrobial and antibacterial agents, 
and drug delivery systems [5]. Additionally, these NPs 
hold promise in fields like wastewater treatment, energy-
efficient devices, optics, optoelectronics, electrochemistry, 
and catalysis [6]. Among the various types of antioxidant 
metal oxide NPs, CuO NPs have garnered considerable 
interest due to their cost-effectiveness, ready availability 
of copper salt, potent antioxidant properties, and low tox-
icity towards living cells, ensuring the safety of CuO NPs 
[7]. The antioxidant effectiveness of CuO NPs is influ-
enced by various factors, including their inherent char-
acteristics, crystal structure, chemical composition, sur-
face charge, particle size, surface coating, and how they 
are dispersed. Additionally, CuO NPs exhibit a range of 
valuable physical attributes, including electron correlation 
effects, spin dynamics, a high dielectric constant, and the 
potential for high-temperature superconductivity [8–10]. 
In the industrial field, they are commonly employed as 
p-type semiconductors with a specific bandgap range of 
1.21–2.51 eV, contributing to the design and manufacture 
of batteries, solar cells, gas sensors, and catalysts [11–13]. 
In today's context, CuO NPs serve as heterogeneous cata-
lysts and play roles in biomedicine, functioning as antioxi-
dants, drug delivery carriers, and imaging agents [14–17]. 
In the past, various physical and chemical processes have 
been employed in the synthesis of CuO NPs, offering the 

ability to produce particles tailored to specific preferences 
[18]. Nevertheless, these production techniques come with 
several drawbacks, including potentially harmful organic 
solvents, expensive reagents, challenges in isolating the 
NPs, and lengthier processing times [19]. Plant-mediated 
synthesis has emerged as a promising alternative within 
this range of methods due to its straightforwardness, envi-
ronmentally friendly nature, user-friendliness, cost-effec-
tiveness, adaptability for large-scale industrial produc-
tion, and applicability in the biomedical field [20]. Plant 
extracts contain phytochemicals that serve dual roles as 
both reducing and capping agents, enabling the creation 
of CuO NPs with precise control over size and shape, and 
the prevention of aggregation, all without the necessity for 
external oxidizing, reducing, or capping agents [21, 22].

This study aimed to demonstrate the antioxidant activity 
of CuO nanorods (NRs) synthesized using Jatropha podag-
rica leaf extract (JP) as a sustainable source for the effective 
removal of organic dye pollutants. JP is a widely recognized 
native medicinal plant with a history of being employed to 
address a range of health conditions, such as ulcers, scabies, 
injuries, and fever. It also has beneficial properties such as 
anti-tumorigenic, antioxidant, and antibacterial capabilities 
[23]. The study first examined the JP leaves for specific phy-
tochemical components, such as tannins, glycol flavones, 
proanthocyanidins, and phenolic acids [24, 25]. The leaf 
extract of Jatropha podagrica is safe, a critical considera-
tion in the formulation of nanorods [24]. We have recently 
published an article outlining the incorporation of this plant 
extract in the synthesis of ZnO and Fe3O4 nanoparticles [26, 
27]. These phytochemicals play a vital role in synthesizing 
JP-CuO NRs, acting as both capping agents and stability 
enhancers, surpassing what conventional chemical syn-
thesis methods can achieve [24]. Additionally, the various 
phenolic acids in these phytochemicals help achieve well-
defined sizes and shapes for the JP-CuO NRs, surpassing 
green-synthesized nanoparticles (As illustrated in Table 1). 
To harness the full potential of undiscovered plant species, 
it is crucial to identify fresh and distinctive plants for syn-
thesizing nanorods. This strategy enables researchers to 
broaden the spectrum of nanorods that can be efficiently 
stabilized by uncovering new proteins and phytochemicals 
from plant sources that have not been investigated before. 
Additionally, these newfound plant species might present 
supplementary benefits, such as enhanced productivity, low-
ered costs, or specialized characteristics suitable for specific 
applications. The JP-CuO NRs were notable for having a 
negatively charged surface, which gave them outstanding 
degrading abilities for removing the dyes Rhodamine B 
(RhB) and Crystal Violet (CV). The antibacterial activity 
of these JP- CuO NRs was tested against both Gram-positive 
(Bacillus coagulans, Staphylococcus aureus) and Gram-
negative (Escherichia coli, Klebsiella pneumoniae) bacteria.
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Materials and methods

Materials

Preparation of CuO NRs using JP leaf extract

Jatropha podagrica (JP) plant leaves were freshly collected, 
washed with warm water, and rinsed with deionized. The 
leaves were then dried in the shade for 25 days until com-
pletely dehydrated. The dried leaves were then ground into a 
fine powder. One gram of the powder was added to a 500 mL 
glass beaker with 200 mL of deionized water. The mixture 
was heated at 80 °C for 30 min on a heating mantle, result-
ing in a deep golden-yellow solution. The solution was first 
filtered to remove solid particles, and then it underwent cen-
trifugation to obtain a pure extract solution. This extract was 
subsequently stored in a refrigerator at a temperature of 4 °C 
for future use.

Synthesis of JP‑CuO NRs

A conventional environmentally friendly method was 
used to synthesize CuO nanorods (NRs). First, 1 g of 
Cu(SO4)2·5H2O was dissolved in 90 mL of distilled water. 
After thorough mixing for 25–30 min at room tempera-
ture, the solution turned a clear blue color. Then, 10 mL 
of aqueous leaf extract was added, increasing the volume 
to 100 mL and turning the solution green. This mixture 
was sonicated vigorously for 10–15 min to ensure proper 
mixing. Next, the temperature was raised to 80 °C and 
maintained for up to 1 h, resulting in a deep green color. 
Then, 1 M NaOH (10 mL) was gradually added dropwise, 
causing the mixture to turn a dark brown color. To remove 
suspended particles, the mixture was dispersed in deion-
ized water and centrifuged at 7000 rpm. The dark brown 
particles obtained were washed repeatedly with deionized 
water to eliminate impurities and achieve the ultimate 

product. The resulting dark brown solid was subsequently 
subjected to vacuum drying at 70 °C for 8 h in an oven. 
Lastly, the material underwent fine grinding with a mortar 
and pestle, preparing it for subsequent characterization 
[34].

JP‑CuO NRs as efficient photocatalysts 
for Rhodamine B (RhB) and crystal violet (CV) dye 
degradation

The evaluation of the photocatalytic efficiency of JP-CuO 
NRs in degrading RhB and CV dyes was carried out uti-
lizing naturally available UV radiation from sunlight. Ini-
tially, solutions of 100 mL containing 1 ppm of RhB and 
CV dyes were prepared and mixed with 0.01 g of JP-CuO 
NRs in separate containers. These mixtures were then 
stirred in darkness for an hour to stabilize the solutions 
and prevent any adsorption–desorption processes. After 
stabilization, the solutions were exposed to sunlight for 
4 h, specifically from 11 AM to 3 PM, with outdoor tem-
peratures ranging from 33 to 35 °C. Continuous magnetic 
stirring was employed to maintain a pH level of 10 dur-
ing this time. At predefined intervals, consistent samples 
were collected from each dye solution, and the NRs were 
separated by centrifugation at 8000 rpm. The absorption 
of RhB and CV dyes at 540 nm and 580 nm was deter-
mined using a UV–visible spectrophotometer. The extent 
of photocatalytic degradation and the corresponding rate 
constants were calculated based on these measurements.

In this context, "A0" denotes the starting concentration, 
"A" represents the concentration after the degradation pro-
cess, "k" stands for the degradation rate constant, and "t" 
indicates the duration of exposure to sunlight. [35, 36].

Degradation rate (%) =
((

A0 − A
)

∕A0

)

× 100

ln A0∕A = kt

Table 1   Contrasting the average size and structure of JP-CuO NRs in this study about findings from prior research

Material of plants Average particle size Structure Implementation References

Jatropha podagrica leaf extract 8–14 nm Rod-like shape Dye degradation and antibacterial applica-
tions

Present work

Eucalyptus globoulus leaf extract 88 nm Spherical shape Dye degradation [28]
Abelmoschus esculentus fruit extract 20 nm Spherical shape Cytotoxicity and photocatalytic applications [29]
malva sylvestris leaf extract 19–26 nm Spherical shape Thermal decomposes kinetics [30]
Calotropis procera leaf extract 20–80 nm Spherical shape Photodegradation, antibacterial and antioxi-

dant
[31]

Syzygium alternifolium fruit extract 17.5 nm Spherical shape Antiviral activity [32]
Panicum sumatrense grains extract 20 nm Rectangular in shape Biological applications [33]
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Exploration of antibacterial activity of JP‑CuO NRs

The antibacterial properties of JP-CuO NRs were evaluated 
in 24 h bacterial cultures (Bacillus coagulans, Staphylococ-
cus aureus, Escherichia coli, and Klebsiella pneumoniae) 
using the Agar-Well diffusion method. The nutrient agar 
medium was sterilized for approximately 30 min at 120 °C 
using an autoclave to prepare it. Each sterile petri dish was 
then filled with 20 mL of the medium, and the respective 
bacterial strains were introduced under aseptic conditions. 
The plates were left at room temperature until the agar solid-
ified. A sterile borer created a single 6 mm diameter well in 
each plate. Test substances, control (distilled water), and 
a standard drug were added to the 6 mm wells after being 
freshly dissolved in distilled water at concentrations of 1, 2, 
and 3. The petri plates were then incubated at 37 °C for 12 h, 
and the inhibition results are depicted in Fig. 8. A standard 
solution with a concentration of 5 g/mL served as a positive 
control. The diameter of the inhibitory zone was determined 
using the HiMedia antibiotic zone scale. All experiments 
were conducted in triplicate, yielding consistent results [37].

Characterization of JP‑CuO NRs

Various analytical methods were utilized to ascertain the 
crystalline structure of CuO nanorods. To investigate the 
optical properties, UV–Vis diffuse reflectance/absorbance 
spectroscopy was conducted on the synthesized samples. 
A Shimadzu (2450—SHIMADZU) spectrophotometer 
equipped with a diffuse reflectance accessory was used at 
room temperature, with BaSO4 serving as a reference mate-
rial. Measurements were taken over the wavelength range 
of 200–800 nm. Fourier transform infrared spectra (FT-IR) 
for the samples were obtained using a Thermo Nicolet 
iS50 spectrometer, covering a frequency range from 4000 
to 400 cm−1 in transmission mode with high-quality KBr 
pellets. X-ray diffraction (XRD) measurements were car-
ried out using a Bruker Kappa Apex II instrument over a 
2θ range of 0 to 90°. This instrument employed CuKα radi-
ation (with a wavelength of λ = 1.54060 Å) at 40 kV and 
35 mA, with a scanning rate of 0.2 s. The CuO nanorods 
were characterized using scanning electron microscopy 
(SEM) and high-resolution transmission electron micros-
copy (HRTEM) to investigate their surface morphology, 
elemental composition, and microstructure. SEM analyses 
were conducted using a Jeol 6390LA/ OXFORD XMX N 
apparatus equipped with energy-dispersive X-ray (EDX) 
spectroscopy. The acceleration voltage for SEM imaging 
ranged from 0.5 to 30 kV. For a more in-depth examination 
of the nanorods' microstructure and particle size, HRTEM 
was employed. HRTEM analyses were performed using a 
JEOL/JEM 2100 instrument operated at an applied volt-
age of 200 kV. Carbon-copper grids were used for sample 

preparation, allowing for precise particle size determina-
tion. Furthermore, SAED images were acquired using the 
HRTEM instrument to further elucidate the nanorods' 
crystal structure.

Results and discussions

UV–Vis spectroscopy studies

Figure 1 displays the UV–Vis absorption spectra of the 
leaf extract of JP and synthetic CuO NRs. The leaf extract 
contains various phytochemicals, such as alkaloids, flavo-
noids, phenolic acids, tannins, glycol flavones, and proan-
thocyanidins, which absorb light at 280 nm and 351 nm 
(π-π* and n-π* transitions) [23]. The JP-CuO NRs have 
a distinct absorption peak at 273 nm, but not at 280 or 
351 nm. This suggests that the phytochemicals in the leaf 
extract play a key role in reducing, binding, and encapsu-
lating JP-CuO NRs during the synthesis process [38, 39].

FTIR analysis of the synthesized JP‑CuO NRs

The functional groups included in the synthesized JP-
CuO NRs were identified, and their chemical composi-
tion was ascertained, using Fourier transform infrared 
(FTIR) spectroscopy. The FTIR analysis of the plant 
extract (Fig. 2) shows a significant peak at approximately 
3500 cm−1, indicating the presence of phenolic groups. 
Moreover, observable peaks at 1178 and 1042 cm−1 cor-
respond to vibrational characteristics of polyphenolic 
molecules within the plant extract [24]. The FTIR spec-
trum of the CuO NRs (Fig. 2) shows absorption peaks in 
the range of 4000–400 cm−1. The peaks between 433 and 
526 cm−1 correspond to the stretching frequency of the 
Cu–O bond [28]. Furthermore, the emergence of peaks 
between 1117 and 1032 cm−1 underscores aspects related 
to chemical bonding, the crystalline nature of the material, 
and the relative intensities of IR bands linked to polyphe-
nolic compounds [40]. The symmetric stretching of the 
aliphatic amino group is suggested by the presence of a 
peak at 1384 cm−1 [41]. Notably, the peak observed at 
1630 cm−1 corresponds to the C=C stretching indicative of 
aromatic compounds [42]. Additionally, the peaks between 
2852 and 2923 cm−1 are characteristic of –CH stretch-
ing vibrations typically associated with aldehyde groups 
[43]. Finally, the absorption band at 3432 cm−1 signifies 
the –OH stretching vibration inherent to phenolic groups 
[44]. These distinctive peaks within the IR spectrum pro-
vide valuable insights into the purity and compositional 
characteristics of the biosynthesized CuO NRs.
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XRD analysis of JP‑CuO NRs

The XRD analysis, as depicted in Fig.  3, unveiled dis-
cernible peaks that are indicative of CuO NRs at various 
angles. These angles include 32.67°, 35.66°, 38.85°, 48.77°, 

53.87°, 58.21°, 61.65°, 66.24°, 68.19°, 75.23°, and 77.18°. 
These particular peaks corresponded to distinct crystal lat-
tice planes, specifically (100), (002), (111), (202), (020), 
(-202), (113), (311), (-113), (-311), and (004) respectively. 
According to earlier studies, the presence of diffraction 

Fig. 1   UV–Vis Spectra of JP-
CuO NRs and JP leaf extract

Fig. 2   FTIR spectra of JP-CuO 
NRs and JP extract
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peaks falling within the range of 35 to 39° is indicative of 
CuO NRs formation (JCPDS Standard No. 01–080-0078). 
It's worth noting that the intensity of the (002) and (111) 
peaks suggested a monoclinic crystalline structure [45]. The 
sharp and well-defined diffraction peaks in the XRD pattern 
of the JP-CuO NRs indicate that they have a strong crystal-
line structure. The absence of other peaks confirms that the 
NRs are pure. The most prominent peaks observed between 
35 and 39 °C for JP-CuO NRs were utilized to calculate the 
average crystallite size, which was determined to be 8.2 nm 
employing the Debye–Scherrer equation [46].

where D is the crystal size, λ is the wavelength of X-ray 
radiation (0.15406 nm for Cu Kα), k is the shape factor (usu-
ally assumed to be 0.9), β is the full width at half maximum 
(FWHM) of the diffraction peak, and θ is the diffraction 
angle.

SEM–EDX analysis of JP‑CuO NRs

The surface properties of the generated CuO NRs were ana-
lyzed using a SEM. As shown in Fig. 4a and b, the particles 
exhibited a predominantly rod-like shape, forming clusters 
and appearing well-dispersed [44]. Some particle clustering 

D = k�∕�cos�

was evident, likely due to the presence of phenolic com-
pounds derived from the JP plant, which acted as a capping 
agent. Furthermore, the high surface energy of JP-CuO NRs 
resulted in minimal aggregation, which was attributed to the 
water medium serving as the synthesis source. To identify the 
chemical elements, present in the CuO NRs, an EDX analy-
sis was performed on a densely populated area of the sam-
ple (Fig. 4c). The EDX spectrum showed significant peaks at 
0.9, 8, and 8.9 keV, corresponding to copper atoms. A single 
peak at 0.5 keV was also observed, corresponding to oxygen 
atoms. Figure 4c exhibited distinct and strong signals for Cu 
and O atoms, with a weight percentage of 84.57% and 15.43%, 
respectively. The absence of other peaks indicates that the CuO 
NRs are of high purity.

TEM analysis of JP‑CuO NRs

High-resolution transmission electron microscopy (HR-TEM) 
was used to study the size, shape, and structure of the JP-CuO 
NRs in detail. HR-TEM images showed the nanorod structure 
at different magnifications are shown in Fig. 5a–c. HR-TEM 
images revealed CuO nanorods with a diameter of around 
10–14 nm and a length of 100–200 nm (Fig. 5a and b). The 
selected area electron diffraction pattern (SAED) of the JP-CuO 
NRs is portrayed in Fig. 5d. The SAED pattern indicated the 
presence of polycrystalline NRs in the JP-CuO sample [47].

Fig. 3   XRD patterns of CuO 
NRs using an aqueous leaf 
extract of Jatropha podagrica 
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A photocatalytic degradation of RhB and CV dyes 
by the fabricated JP‑CuO NRs

The JP-CuO catalyst was utilized to illustrate the photocata-
lytic removal of RhB and CV dyes in an environment of bright 
sunlight. RhB and CV dye degradation are shown in Figs. 6 
and 7 across two distinct periods of 120 min and 60 min, 
respectively. These results also show that these dyes have sepa-
rate wavelength ranges at 540 nm and 580 nm. The UV–Vis-
ible spectrometer was used to measure the RhB and CV dye 
degradation at regular intervals of 30 min and 15 min respec-
tively. Degradation efficiencies of 95% and 97% were achieved 
for RhB and CV dyes, respectively. The degradation efficiency 
of the as-prepared JP-CuO NRs was compared with that of 
recently reported CuO nanoparticles in Tables 2, 3. The results 
of this work suggest that JP-CuO NRs have a lot of potential 
as a catalyst for rapidly breaking down organic contaminants 
by photocatalysis. The significant rates of degradation shown 
together with the apparent impact of different pH settings on 
the removal process spotlight the potential utility of JP-CuO 

NRs in resolving a variety of problems with water pollution 
brought on by organic pollutants. As a result, our findings sug-
gest promising opportunities for using JP-CuO NRs to address 
environmental contamination problems.

The method shown below demonstrates how electrons and 
holes affect dye deterioration [35, 48].

CuO + h� → e− + h+

Absorption of O2 ∶ O2 + e− → O−.
2

Water Ionization ∶ H2O → OH− + H+

Superoxide protonation ∶ O−.
2
+ H+

→ HOO.

HOO. + e− → HO−
2

HOO− + H+
→ H2O2

Fig. 4   a and b SEM images of JP-CuO NRs various magnifications and c EDX spectra of JP-CuO NRs
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The OH radical stated is a very strong oxidant that is quite 
successful in causing a variety of dyes, including RhB and 
CV, to degrade.

Anti‑bacterial activities of synthesized JP‑CuO NRs

JP-CuO NRs were evaluated for their efficacy against both 
Gram-positive (Bacillus coagulans and Staphylococcus 
aureus) and Gram-negative (Escherichia coli and Kleb-
siella pneumoniae) bacteria using the well diffusion method. 

H2O2 + e− → OH− + OH.

H2O + h+ → H+ + OH.

Dyes + OH.
→ Removal product

Figure 8 illustrates the results of the zone inhibition test, 
displaying the diameters of the inhibition zones (in mm) sur-
rounding each well containing the JP-CuO NRs. The most 
positive outcomes were noted with inhibition zones meas-
uring 14, 16, 13, and 11 mm against Bacillus coagulans, 
Staphylococcus aureus, Escherichia coli, and Klebsiella 
pneumoniae, respectively, at a concentration of 150 µL, in 
comparison to the standard drug, as outlined in Table 4. [50, 
51].

The results of the study showed that Gram-positive bacte-
ria were more susceptible to JP-CuO NRs than Gram-nega-
tive bacteria. The variation in sensitivity can be explained by 
the significant presence of a dense peptidoglycan layer in the 
cell wall of Gram-positive bacteria, providing a small physi-
cal barrier that offers protection. In contrast, Gram-negative 
bacteria possess both lipopolysaccharide and peptidoglycan, 
rendering them more resistant to the effects of JP-CuO NRs.

Fig. 5   a–c HR-TEM images JP-
CuO NRs, and d SAED patterns
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Conclusions

We have developed a green method for making copper 
oxide nanorods (CuO NRs) using Jatropha podagrica leaf 
extract as a capping agent. The NRs were also effective 
photocatalysts, breaking down Rhodamine B (RhB) and 
Crystal Violet (CV) dyes in sunlight with degradation rates 
of 95–97% within 120 and 60 min, respectively. We also 

tested the NRs against Gram-positive (Bacillus coagulans 
and Staphylococcus aureus) and Gram-negative (Escheri-
chia coli and Klebsiella pneumoniae) bacteria, and they 
produced inhibition zones of 14, 16, 13, and 11  mm, 
respectively, at a concentration of 150 µL. These results 
suggest that JP-CuO NRs could be used to clean up water 
pollution and develop powerful antibacterial agents.

Fig. 6   a UV–vis absorbance spectra of RhB dye under UV (sunlight) 
illumination over JP-CuO NRs as a function of time, b the progres-
sion of RhB dye degradation during consecutive time intervals, c the 

kinetics of RhB dye degradation presented as a first-order linear plot 
with ln A0/A as a function of time, and d a column chart representing 
the distribution of RhB dye degradation across different time intervals
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Fig. 7   a UV–vis absorbance spectra of CV dye under UV (sunlight) 
illumination over JP-CuO NRs as a function of time, b the progres-
sion of CV dye degradation during consecutive time intervals, c the 

kinetics of CV dye degradation presented as a first-order linear plot 
with ln A0/A as a function of time, and d a column chart representing 
the distribution of CV dye degradation across different time intervals

Table 2   Lists the materials required to prepare the JP-CuO NRs

Chemical name Supplier name Purity (%) Usage

Copper (II) sul-
fate pentahydrate 
(Cu(SO4)2·5H2O)

Merk, India 98 Reagent for the preparation of CuO NRs

Sodium hydroxide (NaOH) Merk, India 99 Precipitating agent for the preparation of CuO NRs
Milli Q-water Merk, India 100 Solvent
Bacillus coagulans Aadhya Biosciences Pvt. Ltd Visakhapatnam, 

India
100 Well diffusion method

Staphylococcus aureus Aadhya Biosciences Pvt. Ltd Visakhapatnam, 
India

100 Well diffusion method

Escherichia coli Aadhya Biosciences Pvt. Ltd Visakhapatnam, 
India

100 Well diffusion method

Klebsiella pneumoniae Aadhya Biosciences Pvt. Ltd Visakhapatnam, 
India

100 Well diffusion method

Jatropha podagrica leaves Government Degree College Chodavaram, India 100 Capping and stabilized agent for the CuO NRs
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Table 3   Comparison of the 
photocatalytic degradation of 
JP-CuO NRs in the present 
work with previous works

Green materials Dye Light source Irradiation 
time (min)

Degradation 
efficiency (%)

References

Jatropha podagrica leaf extract Rhodamine B Sunlight 120 95 Present work
Crystal violet 60 97

Ferulago angulate boiss extract Rhodamine B UV light 150 83 [48]
Citrus aurantifolia leaf extract Rhodamine B UV light 120 91 [35]
Ruellia tuberosa root extract Crystal Violet Sunlight 120 90 [36]
Sida acuta leaf extract Crystal Violet Sunlight 100 87 [49]

Fig. 8   Antibacterial activ-
ity of CuO NRs synthesized 
using Jatropha podagrica leaf 
extract for a Bacillus coagulans, 
b Staphylococcus aureus, c 
Escherichia coli, and d Kleb-
siella pneumoniae 

Table 4   Zone of inhibition 
at various concentrations of 
JP-CuO NRs

Name Bacillus coagulans Staphylococcus aureus Escherichia coli Klebsiella pneumoniae

Shape Round Round Round Round
Gram reaction Gram-positive Gram-positive Gram-negative Gram-negative
50 µL 11 mm 14 mm 11 mm 10 mm
100 µL 13 mm 15 mm 12 mm 10 mm
150 µL 14 mm 16 mm 13 mm 11 mm
Antibiotic 30 mm 32 mm 30 mm 26 mm
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