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In this work, palladium and iridium monometallic nanoparticles (MMNPs), along with their bimetallic counterparts (BMNPs) in different 

ratios 1:1, 2:1 and 1:2, were synthesised using the green-mediated scheme by employing Murraya koenigii leaf extract, a medicinal plant 

rich in bioactive compounds such as flavonoids with known antibacterial and anticancer properties. The consequent nanoparticles were 

characterised by several techniques including UV-visible absorption (UV-Vis), X-ray diffraction (XRD), field-emission scanning electron 

microscopy (FE-SEM), high-resolution transmission electron microscopy (HR-TEM), Fourier transform infrared spectroscopy (FTIR), 

thermal analysis (TGA, DTA and DTG) and X-ray photoelectron spectroscopy (XPS). The XRD analysis confirmed the formation of PdO, 

IrO2, along with Pd-Ir BMNPs. Further, the antibacterial efficacy of PdO, IrO2 and Pd-Ir nanoparticles was evaluated along with Gram-

positive (Staphylococcus aureus) and Gram-negative (Pseudomonas aeruginosa) bacteria. Notably, PdO MMNPs exhibited superior 

antibacterial activity against Pseudomonas with an inhibition zone of ± 9.33 mm at a 50 g/mL concentration. Moreover, both mono- and 

bimetallic nanoparticles were assessed for their cytotoxic effects on the MCF-7 breast cancer cell line, where IrO2 MMNPs demonstrated 

the most potent anticancer properties, yielding an IC50 value of 236.8 ± 0.12 g/mL.  
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INTRODUCTION 

 Nanotechnology is a rapidly growing research area valued 

for its unique properties and applications in agriculture, food 

and healthcare [1,2]. Metal nanoparticles such as magnesium, 

zinc, copper, platinum and silver are especially studied for their 

diverse therapeutic potential in biomedicine [3,4]. Modifying 

nanoparticles into bimetallic structures markedly improves 

their optical, catalytic and structural performance, often gene-

rating novel or enhanced functionalities across multiple appli-

cations [5]. To meet growing interest in these materials, 

researchers increasingly employ plant-based green synthesis 

methods as sustainable alternatives to conventional chemical 

or hydrothermal approaches [6,7]. These eco-friendly strategies 

minimize toxic reagents, reduce harmful waste, simplify pro-

cessing and use natural biomolecules as stabilizing and redu-

cing agents. Plant constituents such as flavonoids, terpenoids 

and polyphenols play a central role by facilitating nanoparticle 
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formation through their strong reducing capacity [8,9]. These 

compounds act as capping agents that stabilize nanoparticles 

and as reducing agents that provide electrons to metal ions, for-

ming metal atoms at the nanoscale [10]. Furthermore, these phyto-

chemicals stabilize various bimetallic nanoparticles (BMNPs) 

through electrostatic repulsion and spatial resistance [11].  

 Among various plant-based approaches, Murraya koenigii 

leaf is classified in the Rutaceae family, also known as Kari-

patta, curry leaves, Tulu Bevusoppu, Meethi neem, Mitho 

limado, Kariveppilai, Kariveppu, Girinimba, Karibevu, 

Karepeku (India), Folhas de caril (Portugal), Listya karri 

(Russia), Fogli di Cari (Spain), Hojas de curry (Spanish) and 

several others [12]. M. koenigii leaf extract possesses a wide 

range of pharmacological properties, such as antidiabetic [13], 

anticancer [14-16], antimicrobial [17], antidermatophyte, anti-

oxidant [18,19], antihypertensive, mosquitocidal, antifungal, 

larvicidal, anti-allergic, hepatoprotective [12], anti-mutagenic 

[20], anti-inflammatory [21] and antibacterial [22] activities.  
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 BMNPs are a classification of materials that exhibit a 

combination of traits related to the two constituent metals. Due 

to synergistic effects, there is often a significant enhancement 

in their unique physical and chemical characteristics [23]. 

Through electrical, geometrical and mixed sites, bimetallicity 

can increase the activity, selectivity and stability of mono-

metals [24]. Thus, in this study, a green synthesis approach 

was used to synthesize PdO, IrO2 MMNPs and Pd-Ir (1:1, 2:1 

and 1:2) BMNPs. All the synthesized nanoparticles were 

characterized using various analytical techniques, including 

UV-visible spectroscopy, XRD, FE-SEM, TEM, XPS, TGA, 

DTA and DSC. Their antibacterial efficacy was evaluated 

against both Gram-positive and Gram-negative bacteria, focu-

sing on PdO, IrO2 and Pd-Ir nanoparticles. Additionally, their 

anticancer potential was assessed against the MCF-7 breast 

cancer cell line. 

EXPERIMENTAL 

 All the chemicals and reagents for the synthesis were of 

analytical (AR) grade and used without any additional purify-

cation steps. Palladium chloride (PdCl2), iridium trichloride 

(IrCl3) and precursor salts were procured from Sisco Research 

Laboratory, India. Sodium hydroxide (NaOH) pellets were 

obtained from Merck Ltd., India.  

 Preparation of leaf extract: Murraya koenigii leaves 

were collected from the garden field of Gurukul Kangri 

(Deemed to be University), Haridwar, India and verified by 

the Patanjali Research Institute, Haridwar, India. To prepare 

the extract, fresh M. koenigii leaves were adequately washed 

in double-distilled water and left to dry for a week. About 5 g 

of dried leaves were boiled in 100 mL of double-distilled water 

for 30 min, then filtered and cooled to obtain the plant leaf 

extract. This extract served as a reducing agent during the 

synthesis of the NPs. This extract contains various types of 

secondary metabolites that act as reducing agents during the 

synthesis reaction of NPs. After that the PdO, IrO2 MMNPs 

and Pd-Ir BMNPs are synthesised using the filtered extract. 

 Synthesis of monometallic (PdO, IrO2) and bimetallic 

Pd-Ir NPs: PdO and IrO2 MMNPs and Pd-Ir BMNPs were 

synthesised using the standard method i.e. 50 mL of M. 

koenigii leaf aqueous extract was added dropwise into pre-

cursor salts solution, 200 mL of 2.77 × 10–3 M PdCl2 and 1.53 

× 10–3 M IrCl3 into two separate beakers. For case of Pd-Ir 

BMNPs, 50 mL of M. koenigii leaf aqueous extract was added 

dropwise into an equimolar 200 mL mixture of IrCl3 and PdCl2 

precursor salts. This mixture was afterward kept on a hot plate 

with magnetic stirring for 1 h at 80 ºC. Consequently, the visible 

colour transform of the solution from light green to brown, 

revealing the formation of nanoparticles. To the proven, the UV-

Vis absorption spectra were monitored, showing the formation 

of nanoparticles. Further, the colloidal solution was centrifuged 

at 15000 rpm for 15 min. This colloidal solution was washed 

with distilled water and dried in an electric oven at 90-100 ºC to 

collect the powdered form of nanoparticles. Thus, black powder 

undergoes further characterisation using different techniques 

for the confirmation of the synthesised nanoparticles.  

 Characterisation: X-ray diffraction spectroscopy (Pan-

alytical’s X’pert Pro) technique was adopted to investigate the 

morphological and structural analysis of nanoparticles. FT-

IR spectra were recorded (Tensor 27, BRUKER) using the 

KBr pellets in the range of 4000-400 cm–1. As well as the FE-

SEM (Hitachi H-7500) technique was employed to examine 

the morphological characteristics of the synthesised nano-

particles. The HR-TEM (Hitachi H-7500) technique was used to 

calculate crystallite size. The double-beam (Systronics-2203) 

spectrophotometer was used to investigate the progress of nano-

particles formation. XPS (PHI 5000 Versa Probe III) spectra 

were measured to determine the chemical composition as well 

oxidation state of the Pd-Ir BMNPs sample. TGA, DTA and 

DTG (SII 6300 EXSTAR) techniques were applied at a cons-

tant heating rate of 10 ºC/min over a temperature range of 10-

1000 ºC to cover the reference material alumina powder.  

RESULTS AND DISCUSSION 

 UV-Vis spectroscopy: To monitor the progress of reac-

tions and authenticate the successful reduction of metal ions, 

leading to the synthesis of M. koenigii leaf-assisted nanocry-

stals, spectroscopy was used. The recorded absorption spectra 

of PdO, IrO2 MMNPs and Pd-Ir BMNPs (1:1, 2:1 and 1:2) are 

shown in Fig. 1, respectively, while the absorption band of 

M. koenigii leaf extract is depicted in Fig. 1f [25]. In case of 

MMNPs, Fig. 1a-b illustrate the absorption bands of precursor 

salts (PdCl2 or IrCl3) reaction mixture, which initially exhibit 

stable peaks at 372 nm and 329 nm, respectively. Following 

the reduction reaction taking place by M. koenigii leaf extract, 

these peaks shift to 377 nm and 387 nm, indicating flouris-

hing nanoparticle formation. Similarly, in BMNPs, Fig. 1c 

represents Pd-Ir (1:1), Fig. 1d Pd-Ir (2:1) and Fig. 1e Pd-Ir 

(1:2), with original peaks at 274 nm, 375 nm and 329 nm. After 

reduction with M. koenigii leaf extract, these peaks shift to 

372 nm, 380 nm and 368 nm, respectively, confirming struct-

ural modifications induced by the plant extract. In Fig. 1f, the 

M. koenigii leaf extract exhibits an absorption band near 312 

nm. Initial peaks disappear and gradually shift to nanoparticles, 

indicating that the M. koenigii leaf extract forms metal nano-

particles. This reaction is further evidenced by a significant 

colour change in the solution from greenish to pale brown [23], 

signifying the reduction of metal ions and the formation of 

newly formed nanostructures. 

 XRD studies: The XRD spectra of PdO, IrO2 MMNPs 

and Pd-Ir BMNPs are shown in Fig. 2. The stabilised nano 

PdO shows four peaks at 2θ, close to 34º, 40º, 46º and 68º, with 

the reflection planes (002), (111), (200) and (220), respect-

ively. The stabilised nano IrO2 shows six peaks at 2θ, close 

to 35º, 40º, 56º, 58º, 68º and 74º in Fig. 2a. The broad peaks 

around 35º, 40º, 56º, 58º, 68º and 74º show the reflection 

planes (101), (111), (210), (211), (220) and (202), respect-

ively, which are characteristics of isolated IrO2 nanoparticles. 

The broad diffraction peaks indicate the amorphous character 

of the samples [26]. The XRD spectra of Pd-Ir BMNPs (1:1) 

showed four peaks at 2θ around 34º, 39º, 46º and 67º. The 

peaks at 35º, 40º and 68º, showing in the reflection (Fig. 2c), 

are shifted to 34º, 39º and 67º, respectively. The diffraction 

peaks of oxides Pd-Ir BMNPs shift slightly to higher 2θ values 

when compared to the peaks of IrO2 MMNPs, indicating that 

PdO has penetrated the IrO2 lattice to create the Pd-Ir alloy  
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Fig. 2. XRD spectra of (a) PdO MMNPs, (b) IrO2 MMNPs, (c) Pd-Ir (1:1), 

(d) Pd-Ir (2:1), and (e) Pd-Ir (1:2) BMNPs 

 

form. XRD spectra of Pd-Ir (2:1) BMNPs demonstrate three 

peaks at 2θ close to 34º, 39º and 60º. The peaks at 35º and 58º 

in image (Fig. 2d) are shifted to 34º and 60º due to the high 

concentration of IrO2, which moves towards IrO2 MMNPs. 

XRD spectra of Pd-Ir (1:2) BMNPs illustrate four peaks at 2θ 

close to 34º, 39º, 46º and 58º, whereas the peaks at 34º and 

39º in the image (Fig. 2e) are shifted to 35º and 40º. This is due 

to the high concentration of IrO2 [27], which reallocates tow-

ards PdO MMNPs. The XRD spectra of the IrO2 MMNPs, 

displayed with their JCPDS card no. 00-015-0870, confirm 

the tetragonal structure and phase of the sample [23]. The PdO 

MMNPs X-ray pattern, displayed with its JCPDS card no. 01-

085-0713, confirms the tetragonal structure and phase of the 

sample. The peak of BMNPs (Pd-Ir) precisely corresponds to 

the PdO and IrO2 MMNPs (with the JCPDS card nos. 00-006-

0598 and 00-005-0681, respectively [28,29]. The approximate 

crystalline size was calculated using the Debye-Scherrer eqn:  

  
K

Dc
cos


=
 

 

where D is the average crystallite size; K is the shape factor; 

 is the X-ray wavelength;  is the FWHM (full width of the 

diffraction peak at half maximum intensity) and  is the 

Bragg angle [30]. For the PdO, IrO2 and Pd-Ir (1:1), (2:1) and 

(1:2) samples, the estimated crystallite sizes are 5.9, 9.8, 3.3, 

5.0 and 4.8 nm, respectively. The crystallite size results show 

that the Pd-Ir (1:1) sample has smaller crystallite sizes than 

the (2:1) and (1:2) samples, which is due to the interaction 

between iridium and palladium bimetallic nanoparticles.  

 FTIR studies: The FTIR spectra of Pd-Ir (1:1), Pd-Ir 

(2:1) and Pd-Ir (1:2) BMNPs are shown as Fig. 3. The bands 

at 3614 cm–1 in the Pd-Ir (1:1), 3681 cm–1 in the Pd-Ir (2:1) 

and 3675 cm–1 in the Pd-Ir (1:2) spectra are due to the –OH 

stretching, which are shifted from 3225 cm–1 in the M. koenigii 

leaf extract spectra. The literature reveals that the FTIR spectra 

of M. koenigii leaf extract show bands at 3225 cm–1, which 

indicates that the extract contains moisture and polyphenols 

that confirm the presence of O–H stretching [31]. Another 

band, correlated to the amine group in the carbazole alkaloids 

that acts as a reducing agent during the formation of nano-

particles. Additional peaks have also been observed at 1645 

cm–1, which indicates the presence of cinnamaldehyde and the 

stretching modes –C=O, which are shifted to (a) 1545 cm–1, 

(b) 1594 cm–1 and (c) 1592 cm–1 [16]. The presence of cinna- 

 

Fig. 1. UV-Vis spectra of (a) PdO, (b) IrO2 MMNPs, (c) Pd-Ir (1:1), (d) Pd-Ir (2:1), (e) Pd-Ir (1:2) BMNPs, (f) M. koenigii leaf extract 
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Fig. 3. FTIR spectra of (a) Pd-Ir (1:1), (b) Pd-Ir (2:1), (c) Pd-Ir (1:2) BMNPs 

maldehyde acts as a capping agent, providing stability to the 

synthesised nanoparticles.  

 The presence of cinnamaldehyde works as a capping 

agent and provides stability to the synthesised nanoparticles. 

The bands at (a) 2412 cm–1, (b) 2350 cm–1 and (c) 2346 cm–1 

correspond to IrO2, which is reported at 2378 cm–1 by Goel & 

Tomar [23]. The other bands at 3381 cm–1, 3681 cm–1 and 3671 

cm–1 show the presence of PdO [32,33]. The shifting of bands 

reveals some interaction between the extract and the oxides 

of Pd-Ir BMNPs.  

 FE-SEM studies: It has been observed from the FE-SEM 

images that the morphology of the Pd-Ir BMNPs samples 

changes when their elemental composition changes, as in case 

of the Pd-Ir BMNPs (1:1) sample, particles are irregular with 

some agglomeration in shape, while the Pd-Ir (2:1) and (1:2) 

are also irregular in shape. Bimetallic nanoparticles are aggre-

gated with smooth surfaces. The elemental mapping and 

chemical composition of all samples were analysed using 

 

Fig. 4. FE-SEM, elemental mapping and EDAX of (a, b, c) Pd-Ir (1:1), (b, e, f) Pd-Ir (2:1), (g, h, i) Pd-Ir (1:2) BMNPs 
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EDAX, as shown in Fig. 4(b,c,e,f,h,i). The elemental map-

ping of all samples confirms equal distribution of elements 

throughout them. The Pd-Ir sample image is displayed in Fig. 

4h confirmed the alloy form and provide evidence for the 

successful formation of bimetallic nanoparticles, as well as 

the excellent physical contact between the irregular-shaped 

PdO and IrO2. The EDAX spectrum confirms the elements 

PdO, IrO2 and O. In Fig. 4(c,f,i), the elemental composition 

percentage ratios for Pd-Ir (1:1), Pd-Ir (2:1) and Pd-Ir (1:2) 

were 71:29, 67:33 and 74:26, respectively [23].  

 HR-TEM analysis: For this perspective morphology and 

size of Pd-Ir BMNPs have been confirmed by the high-reso-

lution study of the nanoparticles, conducted using HR-TEM. 

The nanoparticles micrograph and histograms are shown in 

Fig. 5. The HR-TEM images verified that the Pd-Ir BMNPs 

(1:1) are small in size and less distributed as compared to other 

(b) and (c) BMNPs (2:1 and 1:2 ratio) samples. From the HR-

TEM images, the average crystallite size of the samples was 

determined to be less than 10 nm, i.e., for Pd-Ir (1:1) - 2.91 

nm, for Pd-Ir (2:1) - 6.60 nm and 5.08 nm for Pd-Ir (1:2) ratio 

of the samples based on the histogram graphs. 

 

Fig. 5. HR-TEM images of (a) Pd-Ir (1:1), (b) Pd-Ir (2:1) and (c) Pd-Ir (1:2) BMNPs 
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 XPS analysis: M. koenigii leaf extract mediated nano-

particles data are presented in the form of XPS spectrum for 

the Pd-Ir BMNPs, as shown in Fig. 6a-e. The XPS spectra of 

the Pd-Ir BMNPs sample confirm the presence of Pd, Ir, C 

and O, which are exposed during the survey scan. Besides this, 

the fitting of the PdO (3d) and IrO2 (4f) spectra using XPS 

data is shown in Fig. 6b-c. The graph of the PdO (3d) spectra 

consists of two major peaks at binding energies of 337.5 eV 

and 342.9 eV [24]. The graph of the IrO2 (4f) spectra shows 

the major peaks located at 62.2 eV and 65.09 eV, respec-

tively. These values correspond to the (+4) oxidation state of 

Ir in IrO2 and the (+2) oxidation state of Pd in the PdO 

sample. The C 1s and O1s element spectra in the Pd-Ir bime-

tallic sample are shown in Fig. 6d-e. The peaks of the C 1s 

and O1s elements are represented at 284.8 eV and 536.9 eV 

[34]. 

 Thermal studies: TGA, DTA and DTG techniques were 

used to analyze the thermal behaviour of M. koenigii leaf 

extract-assisted Pd-Ir BMNPs. The results for all samples are 

shown in Fig. 7. The TGA of Pd-Ir BMNPs indicates that the 

samples undergo various stages of weight loss and degra-

dation. The samples undergo an initial weight loss in the 

temperature range of 24-177 ºC for Pd-Ir (1:1), 32-150 ºC for 

Pd-Ir (2:1) and 32-154 ºC for Pd-Ir (1:2). The weight loss 

observed was 14.7% for Pd-Ir (1:1), 9.9% for Pd-Ir (2:1) and 

6.8% for Pd-Ir (1:2) samples of their initial quantities, respec-

tively. This weight loss is attributed to the evaporation of 

light volatiles and moisture. In DTG analysis, the Pd-Ir (1:1) 

sample exhibited initial weight loss between 24-289 ºC, with 

maximum loss at 289-668 ºC at rates of 0.136 and 0.073 

mg/min. For Pd-Ir (2:1) and Pd-Ir (1:2), maximum weight 

losses occurred at 32-295 ºC (0.108 mg/min) and 32-207 ºC 

(62.6 mg/min), respectively. The second degradation stage 

occurred at 177-344 ºC for Pd-Ir (1:1), 150-343 ºC for Pd-Ir 

(2:1) and 154-341 ºC for Pd-Ir (1:2), with ~33-34% mass 

loss, attributed to the release of crystalline water and oxygen 

containing surface groups. The third stage, spanning 344-678 

ºC (1:1), 343-515 ºC (2:1) and 341-995 ºC (1:2), caused 11-

32% loss due to pyrolysis of aromatic compounds, oxidation 

and phytomolecules breakdown. The fourth stage occurred at 

678-993 ºC (1:1) and 515-993 ºC (2:1) with ~11-13% degra-

dation. DTA curves showed exothermic peaks at 352, 488, 

and 688 ºC (1:1); 422 and 504 ºC (2:1) and 419 and 469 ºC 

(1:2), respectively to combustion of residual organic matter, 

confirming exothermic decomposition [23]. 

 Antibacterial activity: Using the agar-well diffusion 

technique, the antibacterial activity of PdO, IrO2 MMNPs and 

Pd-Ir BMNPs has been investigated against Gram-positive 

(S. aureus) and Gram-negative (P. aeruginosa) bacteria. The 

stock solutions (50 and 100 g/mL) of PdO, IrO2 MMNPs and 

Pd-Ir BMNPs at varying concentrations were used to evaluate 

the antimicrobial activity during a 24 h incubation period at 37 

ºC. The growth of restricted inhibitory zones surrounding the 

disks showed the strong antibacterial activity of the produced 

nanoparticles against the studied Gram-positive and Gram-

negative bacteria. Among the bulk bacterial strains, the lower 

concentration (50 g/mL) has excellent antibacterial activity. 

The data for lower and higher concentrations is presented in 

Table-1, which shows that the zone of inhibition of PdO, IrO2 

MMNPs and Pd-Ir BMNPs (1:1) against S. aureus were ±  

 

 

Fig. 6. XPS image of (a-d) Pd-Ir BMNPs (1:1), (2:1) and (1:2) 
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Fig. 7. TGA, DTA and DTG data of (a) Pd-Ir (1:1), (b) Pd-Ir (2:1), (c) Pd-

Ir (1:2) BMNPs 

 
TABLE-1 

ANTIBACTERIAL ACTIVITY  

DATA OF PdO, IrO2 AND Pd-Ir (1:1) 

Samples 
Zone of inhibition (mm) 

S. aureus P. aeruginosa 

Conc. (µg/mL) 50 100 50 100 

PdO MMNPs ± 5.56 ± 5.0 ± 9.33 ± 8.8 

IrO2 MMNPs ± 4.26 ± 2.4 ± 6.16 ± 6.0 

Pd-Ir BMNPs (1:1) ± 2.73 ± 2.6 ± 4.43 ± 3.9 

 

5.56 mm, ± 9.33 mm and ± 4.26 mm, respectively and for P. 

aeruginosa were ± 6.16 mm and ± 2.73 mm and ± 4.43 mm, 

respectively. At the higher concentration (100 g/mL), data in 

Table-1 show that the zone of inhibition of PdO, IrO2 MMNPs 

and Pd-Ir (1:1) BMNPs against S. aureus ± 5 mm, ± 8.83 mm, 

± 4.4 mm and for P. aeruginosa were ± 6.2 mm and ± 2.6 

mm, ± 3.87 mm. Based on the results, PdO MMNPs show 

excellent antimicrobial activity against P. aeruginosa (± 9.33 

mm at 50 g/mL) [35]. 

 Anticancer activity: The anticancer activity of the PdO, 

IrO2 MMNPs and Pd-Ir (1:1) BMNPs on MCF-7 cell line was 

determined by MTT Assay. The cells (10000 cells/well) were 

incubated (Air-Jacketed CO2 incubator, Heal Force-HF90) 

and 96-well plates for 24 h in DMEM medium (Dulbecco’s 

modified eagle medium-AT149-1L, HIMEDIA) supplied with 

10% FBS (fetal bovine serum, HIMEDIA-RM 10432) and 1% 

antibiotic solution (penicillin-streptomycin, Sigma-Aldrich 

P0781) with 5% CO2 at 37ºC. The next day, cells were studied 

at various concentrations (10, 100, 500 and 1000 g/mL) of 

the nanoparticle formulations. The sample stock solution was 

prepared in DMSO and subsequently diluted to form various 

concentrations in an incomplete cell culture medium (without 

FBS). Cells without sample MTT were considered blanks, 

whereas cells undergoing treatment were considered controls. 

The cell culture was grown for 24 h before adding MTT solu-

tion (5 mg/mL) and continued for 2 h. After the end of experi-

ment, the cell layer substrate was dissolved in 100 L of 

DMSO, the culture supernatant was collected and the plate 

reader ELISA (iMark, Biorad, USA) was used to measure the 

results at 540 nm. GraphPad Prism 6 software was used to 

calculate the IC50 [36]. The mean ± SD was used to present 

the results.  

 Based on the results obtained from the MTT assay, it was 

observed that when the MCF-7 cell line was defined to varied 

concentrations (10, 100, 500 and 1000 g/mL) of the sample 

and standard, the cytotoxic activity was measured for sample 

PdO MMNPs (IC50 = 290.6 ± 0.18 g/mL), IrO2 MMNPs (IC50 

= 236.8 ± 0.12 g/mL), Pd-Ir BMNPs (1:1) (IC50 =524.5 ± 0.12 

g/mL) and standard capecitabine (IC50 = 339.2 ± 0.12 M) 

given in Table-2. IrO2 MMNPs were identified as the most 

cytotoxic among all these samples and standard capecitabine.  

 
TABLE-2 

ANTICANCER ACTIVITY DATA OF  

PdO, IrO2 AND Pd-Ir (1:1) 

Sample IC50 value (Mean ± SEM) 

PdO MMNPs 290.6 ± 0.18 (g/mL) 

IrO2 MMNPs 236.8 ± 0.12 (g/mL) 

Pd-Ir BMNPs (1:1) 524.5 ± 0.12 (g/mL) 

Capecitabine 339.2 ± 0.12 (M) 

 

 To investigate the impact of anticancer therapy on breast 

cancer tumor cells, capecitabine medicine was chosen as the 

standard, along with the prepared nanoparticles (PdO, IrO2 

MMNPs and Pd-Ir BMNPs). The MCF-7 cells were grown in 

a single layer with different concentrations (10, 100, 500 and 

1000 g/mL) of NPs and standards to evaluate cell viability 

and the results are shown in Fig. 8. PdO MMNPs, cell viabi-

lity was 71.08%, 58.13 %, 47.59% and 53.0%. IrO2 MMNPs, 

cell viability was 81.85%, 58.69 %, 41.70% and 38.22%. The 

Pd-Ir BMNPs, cell viability was 85.60%, 70.04%, 60.70% 

and 41.63% and capecitabine (standard) cell viability was 

75.84%, 61.07%, 47.99% and 47.65%. In Fig. 9, after the  
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Fig. 9. Bar graph of MCF 7 cell lines anticancer drugs in PdO, IrO2, Pd-Ir, 

and capecitabine (standard) 

 

comparison between all PdO, IrO2 MMNPs and Pd-Ir BMNPs, 

it was found that in the MCF7 cell lines at 10, 100, 500 and 

1000 g/mL, which was even better than standard capecita-

bine when compared to other PdO MMNPs and Pd-Ir BMNPs. 

IrO2 MMNPs proved the most effective anticancer properties 

against breast cancer tumor cells (MCF-7) with an IC50 of 

236.8 ± 0.12 (g/mL).  

Conclusion 

 This study successfully demonstrates the eco-friendly 

synthesis of Pd NPs, Ir NPs and Pd-Ir BMNPs using Murraya 

koenigii leaf extract and highlights its promising applications 

in pharmaceutical and biological aspects. The XRD analysis 

further verified their crystalline nature, reinforcing the struct-

ural integrity of the synthesised nanoparticles. To understand 

surface interactions, FTIR spectroscopy identified the presence 

of phytochemicals, which play a crucial role in nanoparticle 

stabilisation. Morphological analysis via FE-SEM revealed 

diverse particle structures, while elemental composition was 

authenticated through EDAX and elemental mapping, confir-

ming the distribution of PdO and IrO2. HR-TEM imaging 

provided precise crystallite size measurements of Pd-Ir BMNPs, 

with sizes determined as 2.91 nm, 6.60 nm and 5.08 nm for 

Pd-Ir BMNPs in the ratios 1:1, 2:1 and 1:2, respectively. 

Further analysis via XPS delineated the dual valence states of 

Pd-Ir NPs, where PdO exhibited 3d ⁰ metallic and 3d 2+ ionic 

states (5/2, 3/2) and IrO2 showed 4f ⁰ metallic and 4f 4+ ionic 

states (7/2, 5/2). Stability assessments through thermal analy-

sis indicated that Pd-Ir (1:1) displayed superior thermal stabi-

lity compared to the (2:1) and (1:2) variants, with a recorded 

weight loss of 85.3% in TGA data. The biomedical potential 

of these nanoparticles was further evaluated through antibact-

erial and cytotoxicity studies. PdO MMNPs exhibited stronger 

antibacterial activity against both Gram-positive and Gram-

negative bacteria compared to IrO2 MMNPs and Pd-Ir BMNPs 

(1:1). Moreover, the cytotoxicity assessments revealed that 

IrO2 MMNPs had higher toxicity levels than PdO MMNPs, 

Pd-Ir BMNPs (1:1) and the standard drug capecitabine, with a 

cell viability of 38.22% at 1000 g/mL. Given these findings, 

future research could focus on surface modifications to enh-

ance nanoparticle targeting capabilities for bacterial infections 

and cancer treatments. Thus, this study underscores an envir-

onmentally sustainable approach to nanoparticle synthesis, 

offering a viable pathway for biomedical applications.  
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