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Abstract: Copper nanosheets supported by organic ligands are 
significant for biological, electrical, and catalytic applications. The 
discovery that the coronavirus has a significantly reduced maximum 
survival period on copper surfaces has elevated the utility of copper 
nanomaterials. Here, we report a non-hazardous and inexpensive 
biological technique for forming copper nanosheets (Cu Nsts); synthesis 
of Cu Nsts has always been a challenge for researchers due to the 
significant problem of oxidation; in this research, we have successfully 
synthesized stable Cu Nsts by using Saussurea lappa root extract for the 
first time, the obtained Cu Nsts has a shiny black color with self-standing 
ability, the crystal structure of Cu nanosheets was determined using 
Powder X-ray diffraction (PXRD), Scanning electron microscopy (SEM) 
revealed that copper nanoparticles grow and aggregates to form Cu 
Nsts. The surface morphology of Cu Nsts is clear evidence of their 
synthesis. These nanosheets were very proficient in the deduction of 
harmful dye (methylene blue); within 105 minutes, the degradation 
capacity of Cu nanosheets for methylene blue reached 93.493%. This 
remarkable property of Cu Nsts as a photocatalyst gives potential 
application for removing dyes from industrial wastewater. Cu Nsts 
showed excellent antioxidant and antibacterial activity. The Cu Nsts 
demonstrated potent inhibitory zones against E. coli, with inhibition zones 
measuring 39 mm. This research lays the foundations for purifying 
wastewater from harmful dyes and bacteria. 
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INTRODUCTION 

Our world has transformed into a marvelous 
technological sphere in which every day is a 
miracle. One of these wonders is the 
magnificent discovery of nanomaterials, which 
paved the corridor to the creation of fabulous 
gadgets, instruments, medicines, devices, and 
many other valuable things

 
[1]. Green synthesis 

is an eco-accommodating strategy for 
assembling much-described nanostructures [2]. 
Most of the surveys found that nanomaterials 
synthesized by plants are more stable than 
those synthesized by microorganisms. Green 

principle-based synthesized nanostructures are 
known to take on diverse applications in the 
study of biology and medicine compared to the 
nanostructures synthesized by chemical 
protocols, which require the usage of harmful 
solvents or surfactants [3]. Cu nanoparticles 
are unique in contrast to other metal 
nanostructures because of their excellent 
photocatalytic, electrical, thermal, and visual 
properties, and therefore, they can be utilized 
as catalysts and sensors [4]. Nanosheets are a 
potential nanomaterial because of their 
nanoscale thickness, in-plane network, and 
holes between interface regions [5]. Cu 
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nanostructures have engrossed many 
researchers because they are cheaper than 
gold and silver nanostructures [6] and utilized in 
conductive inks, catalysis, and cooling fluids 
[7]. Inkjet printing is the fittest innovation that 
uses expensive metals, such as Au and Ag, to 
print exceptionally conductive components. The 
expenses of these metals are incredibly high. In 
this way, Copper is, for the most part, favored 
for creating profoundly conductive Cu designs 
on a plastic substrate by inkjet printing in light 
of its high conductivity and low price

 
[8]. Copper 

nanostructures are thought to be very sensitive 
to Gram-negative and Gram-positive bacteria. 
They have a lot of potential as biocidal and 
antimicrobial agents [9]. 

Saussurea lappa (S. lappa) is often 
referred to as Costus. It is a tall, perennial herb 
that is aromatic and therapeutic, growing to a 
height of 1-2 meters [10]. S. lappa is native to 
Asia's cold, temperate, and arctic climates. It 
has been tested for various pharmacological 
effects and has demonstrated hepatoprotective, 
anti-tumor, anti-convulsant, and anti-angiogenic 
effects [11]. For decades, dried S. lappa roots 
have been used to cure various illnesses and 
conditions, including rheumatism, pulmonary 
diseases, inflammation, stomach disorders, and 
bronchitis [12]. This plant may be employed to 
produce antiviral solid medications [13]. 
Additionally, S. lappa extracts can treat some 
infections in place of antibiotics and help 
protect people against various diseases [14]. 
Figure 1 shows physical appearance of 
Saussurea lappa. 

Dyes are toxic chemical compounds 
that cause the death of marine life [15]. 
Removal of these dyes is needed to guarantee 
a protected and clean ecosystem. Elimination 
of these toxic dyes is not easy because they 
have a very complex structure. A photocatalytic 
property of nanoparticles that uses sunlight 
provides a proficient way to remove dye 
completely from water [16]. Methylene blue 
(MB) is a common azo dye used for 
photocatalytic studies due to its stability, 
solubility in water, and non-biodegradability. 
Numerous health concerns could result from 
releasing wastewater contaminated with 
MB from enterprises. In particular, MB dye can 
cause several diseases in humans, including 
cyanosis, necrosis of the tissues, nausea, 
yellowing of the skin, and heart problems [17]. 
Additionally, the presence of MB has become a 
significant concern for plants since it can limit 
growth and reduce pigment [18]. Degradation 
of dye using sunlight is a fairly greener 
methodology when contrasted with UV light 
[19]. Copper nanostructures act as the most 

significant nanocatalyst for eliminating these 
dyes. Other nanostructures, such as ZnO and 
TiO2, are also used to remove these dyes, but 
these nanostructures need a shorter 
wavelength of light to eliminate dyes [20]. 
Therefore, we can predict that copper 
nanostructures can be efficiently used for 
cleaning water.  

Unfortunately, the resources needed to 
make 2-D Copper nanosheets are limited. 
Furthermore, the manufacture of 2-D Copper 
nanosheets (Cu Nsts) necessitates using 
hazardous substances such as ammonia and 
N2H4, as well as sophisticated techniques [21]. 
To the best of our knowledge, no single-step 
synthesis of Cu Nsts utilizing an aqueous 
extract of Saussurea lappa root has been 
reported before. In the present study, we have 
successfully synthesized Cu Nsts by a one-pot, 
eco-sustainable technique from Saussurea 
lappa root extract as a reducing agent and 
tested the efficiency of Cu Nsts for 
photocatalytic degradation of methylene blue 
(MB). The antibacterial activity of Cu Nsts was 
also assessed against Escherichia coli (E. coli). 
[4], gaseous, and solid. 

MATERIALS AND METHODS 

Materials 

Copper sulfate pentahydrate (6.24g, 0.1M), 2,2-
diphenyl-1-picrylhydrazyl (DPPH) (4 mg, 
0.1mM), Methylene Blue (MB) dye (0.095g, 
10

−3
 M), ethanol (100 mL), gallic acid. The root 

of Saussurea lappa Clarke (Composittae) used 
in this study was purchased from a local herbal 
store in Bedian Road, Lahore, Pakistan. Roots 
were dried and ground into a fine powder. 

 
Figure 1. Digital photograph of Saussurea lappa root 

Phytochemical analysis 

Phytochemical analysis of a crude extract of 
Saussurea lappa root and the remaining extract 
of Cu Nsts synthesis was done using standard 
procedures [22]. 
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Synthesis of Copper Nanoparticles 

To prepare Cu Nsts, 180 ml of a fresh extract of 
Saussurea lappa root was mixed 
homogeneously with 240 ml of 0.1 M Copper 
sulfate pentahydrate solution; a rapid color 
change was observed, which indicated the 
redox reaction occurred. The mixture was then 
allowed to stand, and the reddish-brown 
suspension of Cu nanostructures was settled at 
the bottom of the flask after six hours. The 
reaction mixture was then centrifuged at 4000 
rpm for twenty minutes, and the obtained Cu 
Nsts were washed thrice with distilled water to 
remove any unreacted reagents and allowed to 
dry at 60°C. These Nsts were then calcined at 
300°C for 1 hour [23]. 

Characterization of copper nanosheets 

UV–Visible spectroscopy analysis was done to 
monitor the progress of the reaction by using a 
Halo DB-20 UV / Visible Double Beam 
Spectrophotometer by taking an aqueous 
extract of Saussurea lappa root as blank, after 
the reaction was completed; the reaction 
mixture was centrifuged at 4,000 rpm for 20 
minutes to remove incoherent phytochemicals. 
The solid substance was then suspended in de-
ionized water and scanned at 200 to 800 nm 
wavelengths. Attenuated total reflection-Fourier 
transform infrared Spectroscopy (ATR-FTIR) 
was done by using IRT racer-100 Shimadzu 
Diamond ATR, and Powder X-ray diffraction 
analysis (PXRD) was used to determine the 
phase, crystal structures, and lattice 
parameters of synthesized nanosheets. PXRD 
analysis was done by using a Powder X-ray 
diffractometer (Bruker D8 Discover) with Cu-kα 
radiation source, and scanning electron 
microscopy (SEM) analysis was done to 
determine the surface morphology of 
synthesized Cu Nsts by using FEI Nova 450 
NanoSEM. 

Antibacterial Activity 

This study used a gram-negative bacterial 
strain of Escherichia coli. A nutrient broth 
solution (0.5 g in 50 ml double-distilled water) 
was prepared in a flask. The conical flask was 
sealed and autoclaved for twenty minutes at 15 
lb./sq. Inch pressure at 121°C. After that, 1 mL 
of bacterium strain was cooled to ambient 
temperature, poured into a flask, and placed in 
a shaking incubator for 24 hours. After 24 
hours, the bacteria culture was used as an 
inoculum for antibacterial screening. The agar 
solution was made by dissolving 1.3 gm of 
nutrient agar in 50 ml of distilled water and 
sterilizing by autoclaving at 121°C for 20 

minutes at 15 lb./sq. Inch pressure. A small 
quantity of bacterial culture was added to the 
agar solution after it had cooled to room 
temperature. 

The bacteria, standard antibiotic (Levofloxacin), 
and solvent used were all marked on the 
sterilized Petri plate. Nutritional agar was 
poured into this sterilized Petri plate at a 
temperature of 44°C. After pouring the medium 
into the dish, let it cool to room temperature. To 
form wells on the agar plate, a sterile 
polystyrene tip (4 mm) was utilized.  The 
antibacterial activity was measured by the 
diameter of the zone of inhibition surrounding 
the wells. 

Photocatalytic action 

The photocatalytic action of Cu Nsts was 
assessed by utilizing the aqueous solution of 
Methylene Blue (MB) dye; 15 mg of Cu Nsts 
were dispersed in 300 ml of 10

−3
 M solution of 

methylene blue dye. `The solution was left for a 
half-hour in the dark with continuous stirring. 
Then, the solution was uncovered to sunshine. 
A control reaction (without copper nanosheets) 
was also kept running simultaneously. After 
every fifteen minutes, 3 ml of suspension was 
taken from the solution and centrifuged. The 
reaction rate was analyzed using UV-visible 
spectroscopy; the following equation was used 
to calculate the degradation percentage. 

  
    

  
      

Antioxidant activity 

DPPH free radical assay was used to 
determine the antioxidant activity of Cu Nsts. In 
2.9 ml of a solution (10 mg/ml) of Cu Nsts, 100 
microliters of 0.1mM DPPH solution were 
added. Then, the solution was left in the dark at 
32°C for 25 minutes. Following 25 minutes, the 
absorbance of the solution was taken. DPPH 
was taken as control. The equation below is 
used to calculate the percentage of antioxidant 
activity. 

      
                      

           
      

The decrease in the absorption of the DPPH 
solution after the addition of an antioxidant was 
measured at 517nm. Gallic acid was used as a 
reference. 

RESULTS AND DISCUSSION 

The identification of phytochemicals in 
Saussurea lappa root aqueous extract and a 
supernatant layer of Cu Nsts indicated the 
existence of many biologically active 
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compounds, as presented in Table 1. The 
metallic nanosheets are thought to be formed 
by the reduction of metal ions reduced by these 
natural compounds, particularly phenols [24]. 

Analysis of Copper nanosheets biosynthetic 
pathway 

Copper nanosheets are synthesized using 
Saussurea lappa (S. lappa) root extract, a 
straightforward, ecologically friendly, and fast 
process. After mixing Saussurea lappa root 
extract and 0.1 M Copper sulfate pentahydrate 
solution, the color changed from light blue to 
bottle green after 15 minutes and to olive green 
after 30 minutes, indicating Cu Nsts' formation. 
Colour change of reaction mixture is shown in 
Figure 2. A saturated solution of Copper sulfate 

contains Cu
2+

 and SO4
2-

 ions. The action of 
phytochemicals found in the S. lappa root 
extract causes the reduction of Cu

2+
, such as S. 

lappa contains polyphenols that attach to Cu
2+

 
ions to form metal complexes, which reduces 
Cu

2+
 to Cu. 

The metallic copper nuclei then begin to 
develop into nanosheets as shown in Figre 2. 
Various biomolecules from S. lappa root extract 
stabilized copper nanosheets. Due to its 
insolubility in water, Cu Nsts begin to 
precipitate. During washing with distilled water 
and ethanol, unreacted phytochemicals stuck to 
the surface of nanostructures were eliminated, 
yielding self-standing shiny black crystalline Cu 
Nsts. 

Table 1. Results of phytochemical analysis. 

  

Figure 2. Color changes during the reaction between 

S. lappa root extract and Copper sulfate pentahydrate 
solution 

Figure 3. Digital photograph of Copper nanosheets 
synthesized using S. lappa root extract 

UV–visible spectroscopic studies 

Cu Nsts were characterized using a UV-visible 
spectrophotometer; the results are shown in 
Figure 4. UV Visible Spectroscopy is a quick 
and sensitive tool for detecting nanostructure 

formation and stability. Clear evidence of the 
peak of Cu Nsts in the 550–600 nm range, 
demonstrating Cu Nsts production; the 
maximum absorbance of Cu Nsts was 
observed at 581 nm [25]. 

Test S.lappa root extract A supernatant layer of Cu Nsts 

Wagner’s test (++++) (++) 
Hager’s test (++++) (++) 
For anthocyanins (-) (-) 
For carbohydrates 
(Molisch’s test) 

(++++) (-) 

Fehling test for reducing 
sugar 

(++++) (++++) 

Iodine test (-) (-) 
Test for steroid (++) (-) 
Test for flavonoids (Alkaline 
reagent test) 

(++++) (-) 

Test for phytosterol 
(Salkowski’s test) 

(++++) (++) 

Test for saponins (++++) (++) 
Note: (++++) shows the maximum presence, (++) shows the minimum presence, and (-) shows absence. 
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Figure 4. Represents the absorbance of Cu Nsts after 24 hrs. Cu Nsts showed absorbance at 581 nm 

ATR-FTIR analysis 

Cu Nsts were analyzed using FTIR to 
determine the capping and reducing agents. 
ATR- FTIR spectra of synthesized Cu Nsts 
from S. lappa root extract are shown in Figure 
5. The ATR- FTIR result of Cu Nsts showed a 
peak absorption peak at 1033.85 cm

-1,
 

indicating C-O stretching in phenol. The peak 
at 1620.21 cm

-1
 represents C=N stretching in 

oximes, and the peak at 1867.09 cm
-1

 

corresponds to the C=O stretch in cyclic, 5-
membered anhydrides. The peak at 2931.81 
cm

-1
 corresponds to the C– H stretching in the 

Ac–H bond in aldehydes. The peak at 3259 
cm

-1
 represents O–H in alcohol. ATR-FTIR 

spectrum of Cu Nsts recommended that Cu 
Nsts contain different organic molecules such 
as esters, aldehydes, oximes, phenols, and 
anhydrides. 

 
Figure 5. FTIR spectrum of Cu Nsts 

SEM analysis 

A scanning electron microscope was utilized to 
carry out the morphological analysis of Cu 
Nsts. The patterns and foldings of Cu Nsts are 
seen in Figure 6. This result proved the 
formation of two-dimensional nanosheets of 
copper. The thickness and width of the 
nanosheets were also calculated using ImageJ 
software; the obtained Cu Nsts have a 
thickness of 747 nm. 

The current method could aid in the production 
of symmetric nanosheets. The SEM image of 
stabilized Cu Nsts indicated that the 

nanosheets of small size were clustered and 
aggregated and formed larger nanosheets. 
Small fragments of nanosheets can also be 
seen. The present results of SEM are in 
acceptable concurrence with published 
literature [26]. SEM images show that the 
width of nanosheets ranges from 400 nm to 
1200 nm with an average width of 748.7 nm as 
shown in Figure 7; furthermore, SEM image 
depicts the interesting layered architecture of 
Cu Nsts fabrication with different stacking 
orientations. In addition, the availability of 
polyphenols (from components of S.lappa 
extract) is ascribed to the size variation of Cu 
Nsts, which have significant forces of attraction 
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between particles. The prevalence of 
hydrogen-bonded molecules containing 

various phenolic ligands contributes to the 
production of agglomerates [27]. 

 
Figure 6. Represented the SEM images of Cu Nsts 

 
Figure 7. Width distribution histogram for Cu Nsts 

 
Figure 8. PXRD pattern of Cu Nsts, showing major diffraction peaks 
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PXRD Analysis of Synthesized Cu Nsts 

The distinctive peaks found in the XRD pattern 
were used to analyze the crystal structure of 
Cu Nsts. Peaks in the Cu Nsts spectra 
occurred with diffraction angles ranging from 7 
to 80 with a step size 0.05 as shown in Figure 
8. 2θ and h k l values are given in Table 2. The 
XRD findings revealed that green synthesized 
Cu Nsts have a single-phase and an 
orthorhombic structure.  

 

Table 2. PXRD values. 

2θ d-spacing [Å] h k l value 

8.005418 11.04437 0 1 1 
14.531850 6.09558 0 3 1 
16.117730 5.49921 0 2 2 
21.352790 4.16134 2 0 1 
30.082900 2.97065 2 2 3 
32.454900 2.75875 3 2 1 
35.289880 2.54336 2 2 4 
46.54865 1.95108 2 9 2 

 

The Rietveld refinement was done with the 
X'Pert High Score Plus software. The Rietveld 
fitting strategy is simple in concept. It refines 
the crystal parameters of the computed pattern 
using the least-squares technique until it fits 
the measured XRD data. For determining 
accurate crystal properties of a material, 
successful Rietveld refinement is necessary 
[28]. XRD profile elements such as intensity, 
FWHM, d-spacing, and position determine the 
crystallographic properties of materials [29]. As 
a result, it is essential to consider such values 
during the refinement process. The peak 
location significantly correlates to the lattice 
parameters regarding crystalline properties, 
and their correlation follows Bragg's rule [30]. 
Furthermore, the width indicates the crystallite 
size, while the peak intensity demonstrates the 
phase weight fraction [31]. The XRD pattern 
reveals that measured and estimated 
statistical data are well-matched, and all 
experimental peaks are allowed Bragg position 
(2Ө), with a space group of space group P n m 
a (62). The goodness of fit (γ

2
 = 1.61), R 

(expected) = 16.1, R (profile) = 16.4, R 
(weighted profile) = 20.5, and Bragg factor (RB 
= 6.92) were used to assess the data's fitting 
quality. The refining was done using the 
crystallographic open database's CIF file no. 
4120102.  The dataset of the phase, the unit 
cell, and the x and z atomic coordinates were 
the specific parameters for the improved 
phase. These parameters generated tentative 
structural designs for the Cu Nsts crystal. The 
value of γ

2
 should be close to two but not 

below one. γ
2
<1 indicates that the standard 

uncertainties have been exaggerated or that 
the model has been fitted with a large number 
of parameters. Furthermore, γ

2
 >> 1 

demonstrates that typical uncertainties are 
understated, implying that the model is 
inadequate or incorrect. Our rietveld refined 
value of γ

2
 is in satisfactory correlation to the 

accepted ones, indicating that the diffraction 
data of Cu Nsts samples were well refined 
[32]. Rietveld refinement parameters are given 
in Table 2 and crystalline structure of Cu Nsts 
at is shown in Figure 9 and Figure 10. drawn 
by visualization for electronic and structural 
analysis (VESTA) software. Figure 11 shows 
3-D map for XRD pattern of Cu Nsts drawn by 
X'Pert High Score Plus software. 

Photocatalytic degradation of Methylene 
blue 

Methylene blue displays a strong absorption 
maximum at 664 nm. When the solution of MB 
dye-containing Cu Nsts is exposed to UV or 
near UV irradiation, Sunlight photons confront 
the surfaces of Cu Nsts and activate electrons. 
The catalyst became highly active, creating 
free electrons and holes on the catalyst's 
surface. Active O

2-
, HOO, and HO free radicals 

were generated from the oxygen dissolved in 
the reaction medium. It has been discovered 
that these radicals are extraordinarily reactive, 
transforming extremely complex organic dye 
molecules into simpler organic compounds, 
hence aiding dye removal. When exposed to 
sunlight, these bioactive Cu Nsts could be 
used as a potent and durable photocatalyst for 
MB dye degradation [33]. The schematic 
mechanism of Cu Nst is shown in Figure 12. 

Figure 12 shows the results of the 
photocatalytic activity of MB dye degradation. 
The photocatalytic efficiency of synthesized Cu 
Nsts employing S. lappa root extract was 
outstanding for dye removal. Degradation of 
dye does not occur instantly. Degradation of 
dye was examined by observing the changes 
in the UV spectrum of a solution. It was noted 
that the absorption peak of methylene blue 
was decreasing with the increase in time and 
came to its lowest value. The absorption peaks 
corresponding to methylene blue showed slow 
degradation initially, but after 20 minutes, it 
showed rapid degradation. The process of 
degradation again slowed at 105 minutes, and 
the degradation potential of the green 
synthesized Cu Nsts for methylene blue 
reached 93.493 % after 105 minutes. Reaction 
of Cu Nsts with methylene blue is shown in 
Figure 13. Degradation of methylene blue dye 
with respect to time is shown in Figure 14. 
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Figure 9. Crystalline structural representation of Cu Nsts at different planes 

 

 
Figure 10. Crystalline structural representation of Cu Nsts (a) Ball and Stick model, (b) Space-fill model, (c) 

polyhedral model 

 
Figure 11. (a) 3-D map for XRD pattern of Cu Nsts, (b) FWHM-based Rietveld refinement for Cu Nsts 
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Figure 12. A proposed mechanism for photoc atalytic activity of Cu Nsts 

 

The kinetics of dye degradation was 
characterized by an early slow phase 
accompanied by a faster secondary phase. In 
the advanced stage of photocatalysis, the 
rapid dye removal efficiency was aided by the 
abundance of catalytic sites and a greater 
relative concentration. The tertiary phase 
progressed at a modest rate due to a decrease 
in the active sites of the photocatalyst. 

 

Table 3. The Rietveld refinement parameters of Cu 

Nsts. 

Parameters value 

Quantitative analysis (phase 1) 100% 
Lattice parameters (Å) a=8.3, b=23, c= 

11.9 
unit cell volume (Å3) 2271.7 
density (g/cm3) 1.38 
Crystallite size (Å) 91.4 

 

The following equations investigated the 
kinetics of photocatalytic dye degradation by 
the catalyst in zero-order and first-order. 

         

      ⁄       

where A0 is the initial dye absorbance, and A 
is the dye absorbance at time t. The zero-order 
and first-orde r rate constants are k0 and 
k1[34]. 

Absorption and percentage of degradation of 
methylene blue dye is shown in Figure 15. The 
suggested approach for Cu Nsts biosynthesis 
using S. lappa root extract has a short process 
time and temperature, resulting in Cu Nsts with 
high photocatalytic activity. Figure 16 
compares the catalytic potential Cu Nsts' with 
those reported catalysts for reducing MB. The 
different phytochemicals found in the S. lappa 
root extract have a rapid and significant 
bioreduction activity, allowing for the synthesis 
of Cu Nsts with minimal reaction time and 
temperature [35]. Figure 16 shows the kinetic 
studies of degradation of methylene blue dye, 
the graphs were drawn by using Origin 
software. 

 

 
Figure 13. Reaction of methylene blue with Cu Nsts 
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Figure 14. UV–Vis absorption of MB dye at different time intervals 

 
Figure 15. (a) Decrease in the absorption of methylene blue with time, (b) Percentage of degradation of 

methylene blue 

 
Figure 16. Degradation of methylene blue following (a) zero-order reaction, (b) first-order reaction 
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Table 4. Comparison of the Cu Nsts' catalytic potential with those reported catalysts for reducing MB. 

Catalyst Time (min) MB degradation (%) Reference 

Cu Nsts 105 93.493 % This work 
Spherical-shaped magnetite nanoparticle 210 93.4 [36] 
Ag/ZnO nanocomposite 120 76 [37] 
ZnO/ biochar nanocomposites 225 95.19 [38] 
Cobalt oxide nanoparticles 300 88% [39] 
Silver nanoparticles 150 97.57 [40] 
PCN-250(Fe2Mn) 300 100 [41] 
Alginate-TiO2 540 24.9 [42] 
Nd–Gd co-doped ZnO 120 93 [43] 
Commercial TiO2 (P25) 120 81.8 [44] 

 

Biological activity of Cu Nsts 

Cu Nsts show great potential for antibacterial 
activity, making them prospective candidates 
for medical use. The green fabricated Cu Nsts 
could replace some antibiotic drugs to fight 
against human pathogens (bacteria) and be 
less expensive. Cu Nsts were tested for 
antibacterial activities. The agar well diffusion 
method was used to examine the bacterial 
strain of E. Coli (Gram-negative). Against E. 
Coli, the Cu Nsts displayed strong inhibitory 
zones. Cu ions have been shown to interfere 
with a variety of biological processes. Both 
amine and carboxyl groups are found in the 
bacterial cell wall, which has a strong affinity 
for copper ions. Cu Nsts may bind to bacteria's 
nucleic acid, disrupting the DNA helix. Table 5 
demonstrates that the biosynthesized Cu Nsts 
had better antibacterial activity against E. coli, 
with inhibition zones measuring 39 mm. The 
Cu Nsts showed significantly improved 
antibacterial efficacy against the studied 
bacterial strains compared to traditional 
antibiotics. 

Table 5. Results of antibacterial activity. 

Sample Zone of Inhibition 
(mm) 

Cu Nsts 39 mm 
Levofloxacin 40 mm 
blank solvent (methanol) 15 mm 

 

Antioxidants work as free radical scavengers, 
boosting the defense system's effectiveness 
and lowering the incidence of disease. 
However, oxidative stress arises when the 
balance of exogenous free radicals, such as 
those produced by pollution, alcohol, 
starvation, and smoking, shifts in favor of free 
radicals. This causes oxidative stress to 
damage critical cellular components like 
carbohydrates, lipids, and proteins, particularly 
DNA damage, as well as a variety of disorders 
such as neurological disorders, aging, cancer, 
and heart disease [45].  

Plants contain unique metabolites that have 
been shown to serve a variety of functions. 
Plant-mediated nanomaterials synthesis 
comprises stepwise reduction followed by 
capping with these plant ingredients. 
Unfortunately, interactions of these 
components with metals are poorly 
understood, and the type of activity they might 
confer on nanosheets has yet to be 
discovered. The antioxidant activity of Cu Nsts 
capped with free radical scavenging plant 
components has been reported for the first 
time. Capped Cu Nsts were proven to be 
effective free radical scavengers. Cu Nsts 
showed an antioxidant activity of 69.45%. A 
result of antibacterial activity and antioxidant 
activity is shown in Figure 17. 

 
Figure 17. (a) Result of antibacterial activity, (b) Calibration curve for antioxidant activity 
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CONCLUSION 

Copper Nsts were successfully synthesized in 
one pot, utilizing an aqueous extract of S. lappa 
under moderate circumstances. The self-
assembly of synthesized Cu Nsts in the form of 
two-dimensional sheets having orthorhombic 
structure was observed. Measurements of 
photocatalytic activity revealed that Cu Nsts 
has a reasonably high degradation efficiency 
Against methylene blue. The nanosheets have 
a high bactericidal capability against bacterial 
infections. SEM analysis showed that the 
primary particles merged to yield bigger-sized 
secondary particles. Several thinner sheets 
aggregated to form nanosheet networks. 
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