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Abstract 
The present study investigated the green synthesis, physicochemical 
characterization, and antifungal activity of titanium dioxide nanoparticles (TiO₂ 
NPs) using Calendula officinalis extract. Nanoparticles were synthesized by 
reacting titanium isopropoxide with aqueous plant extract under controlled 
conditions, followed by drying and calcination. The synthesized nanoparticles were 
characterized using UV–visible spectroscopy, Fourier-transform infrared 
spectroscopy (FTIR), X-ray diffraction (XRD), thermogravimetric analysis (TGA), 
scanning electron microscopy (SEM), and energy-dispersive X-ray spectroscopy 
(EDX). UV–visible analysis revealed a prominent spectral peak near 378 nm, 
while FTIR confirmed characteristic hydroxyl and Ti–O vibrations. XRD analysis 
indicated a crystalline anatase structure, whereas SEM revealed agglomerated, 
nearly spherical particles with rough surfaces. EDX confirmed titanium (59.25 
wt%) and oxygen (36.08 wt%) as major constituents. Antifungal activity was 
evaluated against five fungal strains using the agar diffusion method. Maximum 
inhibition was observed against Penicillium glabrum (45 mm), followed by 
Aspergillus niger (37 mm), Trichoderma harzianum (31 mm), Candida 
albicans (30 mm), and Mucor circinelloides (20 mm). Overall, the findings 
suggest that Calendula officinalis-mediated TiO₂ nanoparticles possess species-
dependent antifungal potential, supporting further investigation of their 
applications in environmentally sustainable antimicrobial formulations and 
related technologies. 
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Figure 1: Schematic Abstract 

 
1. Introduction 
Nanotechnology has emerged as an important 
interdisciplinary field, offering innovative 
approaches for developing materials with 
improved physicochemical and biological 
properties. Nanoparticles possess distinctive 
characteristics resulting from their small 
dimensions, high surface-area-to-volume ratios, 
and enhanced surface reactivity. Among metal 
oxide nanomaterials, titanium dioxide 
nanoparticles (TiO₂ NPs) have received 
considerable scientific attention because of their 
chemical stability, photocatalytic properties, 
relatively low cost, and potential applications in 
environmental remediation, agriculture, 
pharmaceuticals, and antimicrobial technologies 
[1]–[5]. Titanium dioxide primarily exists in three 
crystalline polymorphs: anatase, rutile, and 
brookite. Among these, anatase is particularly 

important in photocatalytic applications because 
its electronic structure and surface properties 
support light-induced chemical reactions [6], [7]. 
Conventional TiO₂ nanoparticle synthesis 
involves several physicochemical techniques, 
including sol–gel processing, hydrothermal 
synthesis, precipitation, and chemical vapor 
deposition. Although effective, certain methods 
require hazardous chemicals, high temperatures, 
specialized equipment, or energy-intensive 
processing. Consequently, green synthesis has 
attracted increasing interest as an alternative 
approach incorporating renewable biological 
materials [8]–[12]. Plant-mediated synthesis 
utilizes naturally occurring phytochemicals that 
may influence precursor hydrolysis, nanoparticle 
nucleation, particle growth, and surface 
stabilization. Such methods offer opportunities to 
reduce chemical consumption and improve 
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synthesis sustainability, although environmental 
benefits depend on the complete manufacturing 
process [13]–[15]. 
Calendula officinalis L., commonly known as pot 
marigold, belongs to the Asteraceae family and is 
widely recognized for its traditional medicinal 
applications. The plant contains numerous 
bioactive phytochemicals, including flavonoids, 
phenolic acids, carotenoids, triterpenoids, 
saponins, and other secondary metabolites [16]–
[19]. These compounds contribute to its reported 
antioxidant, anti-inflammatory, wound-healing, 
and antimicrobial properties. Previous 
investigations have also demonstrated antifungal 
activity in certain C. officinalis extracts and 
essential oils [20], [21]. The abundance of 
phytochemicals makes C. officinalis a promising 
biological resource for nanoparticle synthesis, 
potentially influencing nanoparticle surface 
chemistry and aggregation behavior. 
The development of effective antifungal materials 
has become increasingly important because 
fungal pathogens cause infections in humans, 
animals, and agricultural crops. Moreover, 
antifungal resistance, environmental 
contamination, and the limited availability of 
effective treatments present considerable 
challenges [22], [23]. Titanium dioxide 
nanoparticles have demonstrated antifungal 
potential against several fungal organisms, 
including Candida, Aspergillus, and agriculturally 
important phytopathogens [24]–[27]. Their 
antifungal activity may involve interactions with 
fungal cell surfaces and the generation of reactive 
oxygen species (ROS), particularly under suitable 
illumination conditions. These reactive species 
can potentially damage cellular membranes, 
proteins, and other essential biological 
components. Nevertheless, antifungal 
effectiveness depends on nanoparticle 
concentration, crystalline phase, particle 
morphology, fungal species, and experimental 
conditions [28], [29]. 
Previous research has demonstrated the feasibility 
of synthesizing TiO₂ nanoparticles using 
Calendula officinalis extract and evaluating their 
physicochemical and biological properties [30]. 

However, further systematic investigation of their 
antifungal performance against diverse fungal 
species remains valuable. Establishing 
relationships between structural characteristics, 
elemental composition, thermal stability, and 
antifungal activity may provide additional insight 
into their potential applications. 
Therefore, the present study focuses on the 
biosynthesis of TiO₂ nanoparticles using aqueous 
Calendula officinalis extract and the evaluation of 
their physicochemical characteristics and 
antifungal activity. The synthesized nanoparticles 
are characterized using UV–visible spectroscopy, 
Fourier-transform infrared spectroscopy (FTIR), 
X-ray diffraction (XRD), thermogravimetric 
analysis (TGA), scanning electron microscopy 
(SEM), and energy-dispersive X-ray spectroscopy 
(EDX). Their antifungal performance is 
investigated against Aspergillus niger, Mucor 
circinelloides, Trichoderma harzianum, 
Penicillium glabrum, and Candida albicans. The 
investigation aims to assess the potential of plant-
mediated TiO₂ nanoparticles as alternative 
antifungal materials and contribute to research 
on environmentally conscious nanomaterial 
fabrication. 
 
2. Materials and Methods  
2.1. Collection and Preparation of Calendula 
officinalis Extract 
Fresh Calendula officinalis flowers was collected 
from Dhodial, Mansehra. The flowers was 
thoroughly washed with distilled water to remove 
dust and impurities, followed by drying at room 
temperature. The dried material was ground into 
a fine powder. Subsequently, 2 g of powdered 
plant material was mixed with 100mL of distilled 
water and extracted at 60°C under continuous 
stirring for 6 h. The resulting extract was filtered 
to remove insoluble residues and stored under 
appropriate conditions until further utilization. 
The aqueous extract was used as a biological 
medium for titanium dioxide nanoparticle 
synthesis. 
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2.2. Biosynthesis of Titanium Dioxide 
Nanoparticles 
Titanium dioxide nanoparticles (TiO₂ NPs) were 
synthesized using Calendula officinalis extract 
through a plant-mediated synthesis approach. 
Briefly, 100mL 0.1 M titanium isopropoxide was 
prepared and mixed with the 20mL plant extract 
at a ratio of 5:1. The reaction mixture was 
maintained at 60°C under continuous stirring for 
6hrs, with the pH adjusted to 10 using NaOH, 
where applicable. The resulting material was 
separated, washed with distilled water, and dried 
in Oven at 90°C for 8hrs. Subsequently, the 
dried product was subjected to thermal treatment 
at 400°C for 2hrs. The synthesized nanoparticles 
were collected and stored for subsequent 
physicochemical characterization and antifungal 
evaluation. 
 
2.3. Characterization of TiO₂ Nanoparticles 
The synthesized TiO₂ nanoparticles were 
characterized using various analytical techniques. 
UV–visible spectroscopy was employed to 
examine optical characteristics within the 
wavelength range of 250–450 nm. Fourier-
transform infrared spectroscopy (FTIR) was used 
to identify surface functional groups and 
chemical bonding characteristics over 400–4000 
cm⁻¹. X-ray diffraction (XRD) analysis was 
performed across a 2θ range of 10–90° to 
investigate crystallinity and phase composition. 
Thermogravimetric analysis (TGA) and 
differential thermal analysis (DTA) were used to 

evaluate thermal decomposition and stability. 
Scanning electron microscopy (SEM) was 
employed to examine surface morphology, 
particle aggregation, and structural features. 
Energy-dispersive X-ray spectroscopy (EDX) was 
performed to determine elemental composition 
and investigate the presence of titanium, oxygen, 
and other detectable elements. 
 
2.4. Evaluation of Antifungal Activity 
The antifungal potential of the synthesized TiO₂ 
nanoparticles was evaluated against five fungal 
species: Aspergillus niger, Mucor circinelloides, 
Trichoderma harzianum, Penicillium glabrum, and 
Candida albicans. Antifungal activity was assessed 
using an agar diffusion assay. The TiO₂ 
nanoparticle preparation, positive control, and 
negative control were evaluated under 
comparable experimental conditions. The fungal 
cultures were obtained from Department of 
Microbiology, Hazara University, Mansehra-
21300 Pakistan, and the assay conditions, 
including nanoparticle concentration, medium, 
inoculum preparation, incubation conditions, 
and replicate numbers, were documented 
according to the protocol. Following incubation, 
inhibition zones were measured in millimeters. 
The observed inhibition zones were compared 
with those produced by the positive (Fluconazole) 
and negative controls (water) to assess differences 
in antifungal activity among the tested fungal 
species [31]. 
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3. Results 
3.1 UV-visible Spectroscopy  

  
Figure 2. UV–visible spectral intensity profile of 

TiO₂ nanoparticles. 
Figure 3. FTIR spectrum of TiO₂ nanoparticles. 

  

Figure 4. XRD pattern of TiO₂ nanoparticles. Figure 5. TGA and DTA profiles of TiO₂ 
nanoparticles. 

 
3.1 UV–Visible Spectroscopic Analysis of 
TiO₂ Nanoparticles 
UV–visible spectroscopy was employed to 
investigate the optical characteristics of titanium 
dioxide (TiO₂) nanoparticles synthesized using 
Calendula officinalis extract. The recorded 
spectrum, spanning 250–450 nm, exhibited 
distinct wavelength-dependent intensity 
variations. Initially, the spectral intensity 
decreased gradually from approximately 160 a.u. 
at 250 nm to a minimum near 310 nm. 
Subsequently, a pronounced increase was 
observed, reaching a maximum intensity of 
approximately 470 a.u. at 378 nm. A secondary 
shoulder appeared around 400 nm, followed by a 
sharp decline beyond 410 nm. These optical 

features may reflect electronic transitions, 
nanoparticle aggregation, and surface-related 
effects. The phytochemical constituents of 
Calendula officinalis could influence nanoparticle 
formation and optical behavior through 
interactions with the titanium precursor. 
However, the observed intensity spectrum alone 
cannot establish nanoparticle formation or 
determine the optical band gap. Therefore, 
complementary structural and morphological 
characterization is essential to confirm the 
formation and physicochemical properties of 
synthesized TiO₂ nanoparticles conclusively [32]. 
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3.2 Fourier Transform Infrared 
Spectroscopic of TiO₂ Nanoparticles 
Fourier transform infrared (FTIR) spectroscopy 
was employed to investigate the functional groups 
and chemical bonding characteristics of titanium 
dioxide (TiO₂) nanoparticles synthesized using 
Calendula officinalis extract. The FTIR spectrum, 
recorded over 400–4000 cm⁻¹, exhibited three 
characteristic absorption bands. The broad 
absorption band at 3404.82 cm⁻¹ was attributed 
to O–H stretching vibrations, indicating the 
presence of surface hydroxyl groups or adsorbed 
moisture. The band observed at 1623.50 cm⁻¹ 
was associated with H–O–H bending vibrations 
of adsorbed water, potentially overlapping with 
vibrations from surface-associated organic 
compounds. Furthermore, the prominent 
absorption band at 483 cm⁻¹ corresponded to 
Ti–O lattice vibrations, supporting the formation 
of titanium oxide structures. These spectral 
features suggest that phytochemical constituents 
of Calendula officinalis may influence nanoparticle 
surface chemistry during green synthesis. Overall, 
FTIR analysis provides evidence of hydroxyl 
functionalities and Ti–O bonding, although 
complementary XRD analysis is required to 
confirm the crystalline titanium dioxide phase 
[33]. 
 
3.3 X-Ray Diffraction Analysis of TiO₂ 
Nanoparticles 
X-ray diffraction (XRD) analysis was performed to 
investigate the crystalline structure and phase 
composition of titanium dioxide (TiO₂) 
nanoparticles synthesized using Calendula 
officinalis extract. The diffraction pattern 
exhibited several distinct peaks within the 2θ 
range of 10–90°, indicating crystalline material. 
The most intense diffraction peak appeared near 
25.3°, corresponding to the (101) crystallographic 
plane of anatase TiO₂. Additional reflections 
were observed around 37.8°, 48.0°, 53.9°, 55.1°, 
62.7°, 68.8°, 70.3°, 75.0°, and 82.7°, indexed to 
the (004), (200), (105), (211), (204), (116), (220), 
(215), and (224) planes, respectively. These 
reflections are consistent with the characteristic 

tetragonal anatase crystal structure. The relatively 
sharp diffraction peaks suggest appreciable 
crystallinity, while their widths may provide 
information regarding crystallite dimensions. 
Overall, the observed diffraction pattern supports 
the presence of crystalline anatase TiO₂. 
However, quantitative crystallite size 
determination and phase purity assessment 
require peak fitting and comparison with 
reference diffraction data [34]. 
 
3.4 Thermogravimetric and Differential 
Thermal Analysis of TiO₂ Nanoparticles 
Thermogravimetric analysis (TGA) and 
differential thermal analysis (DTA) were 
employed to evaluate the thermal stability and 
decomposition behavior of titanium dioxide 
(TiO₂) nanoparticles synthesized using Calendula 
officinalis extract. The TGA curve exhibited an 
initial rapid weight loss of approximately 25% 
below 150°C, potentially associated with the 
evaporation of adsorbed moisture and volatile 
compounds. A subsequent gradual weight loss of 
approximately 6.5% occurred between 150 and 
400°C, suggesting the decomposition of residual 
phytochemicals and surface-associated organic 
constituents. Beyond 400°C, the sample 
demonstrated relatively stable mass retention, 
indicating improved thermal stability at elevated 
temperatures. The black derivative thermal curve 
displayed a pronounced minimum near 70°C, 
corresponding to the region of rapid mass loss. 
This feature may reflect the removal of moisture 
and volatile substances. Overall, the thermal 
behavior suggests the presence of removable 
surface-associated constituents, while the 
remaining inorganic material exhibits relatively 
high thermal stability under the investigated 
conditions [35]. 
 
3.5 Morphological and Elemental 
Characterization of TiO₂ Nanoparticles 
Scanning electron microscopy (SEM) and energy-
dispersive X-ray (EDX) analyses were employed to 
examine the morphology and elemental 
composition of the biosynthesized titanium 
dioxide nanoparticles. The SEM micrograph 
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revealed densely agglomerated, rough-surfaced, 
and porous nanostructures composed of fine 
nearly spherical primary particles. Such 
agglomeration is commonly observed in plant-
mediated TiO₂ nanoparticles because high 
surface energy promotes particle–particle 
interaction during drying and calcination. The 
irregular clusters and porous texture indicate a 
large surface area, which may enhance catalytic 
and antibacterial performance by providing more 
active sites for interaction with bacterial cells. 
EDX analysis confirmed the elemental 
composition of the prepared nanoparticles, 
showing strong characteristic signals for titanium 
and oxygen, which verify the formation of TiO₂. 

Quantitative EDX data indicated 59.25 wt% Ti 
and 36.08 wt% O, while carbon was detected at 
4.67 wt%. The presence of carbon may be 
attributed to residual phytochemical constituents 
from Calendula officinalis extract or carbon tape 
used during analysis. The dominance of titanium 
and oxygen peaks, together with SEM 
observations, suggests successful formation of 
TiO₂ nanoparticles with agglomerated nanoscale 
morphology suitable for further antibacterial 
investigations. Overall, these findings support the 
structural integrity and purity of the synthesized 
material, although additional techniques such as 
XRD and FTIR remain essential [36-38]. 

 
Figure 6. SEM micrograph and EDX spectrum of Calendula officinalis-mediated TiO₂ nanoparticles. 

 
3.6
Antifungal Activity of TiO₂ Nanoparticles 
The antifungal activity of titanium dioxide 
nanoparticles (TiO₂ NPs) was evaluated against 
five fungal strains using the agar diffusion 
method. The inhibition zones demonstrated 
variable antifungal effectiveness depending on 
the fungal species. The highest inhibition zone 
was observed against Penicillium glabrum (45 
mm), compared with 38 mm for the control, 
indicating enhanced antifungal activity. Similarly, 
Candida albicans exhibited an inhibition zone of 
30 mm, exceeding the control value of 26 mm. 
Moderate activity was recorded against 

Aspergillus niger (37 mm), slightly higher than 
the control (36 mm). Conversely, Mucor 
circinelloides and Trichoderma harzianum 
showed smaller inhibition zones of 20 mm and 
31 mm, respectively, compared with their 
corresponding controls (23 mm and 32 mm). 
These variations suggest species-dependent 
susceptibility to TiO₂ nanoparticles. Potential 
antifungal mechanisms include reactive oxygen 
species generation, membrane disruption, and 
oxidative damage to essential cellular 
components [39]. However, these mechanisms 
require experimental verification. Overall, the 
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findings indicate selective antifungal activity, 
particularly against P. glabrum and C. albicans. 
Further investigations involving minimum 
inhibitory concentration determination, 
appropriate controls, and statistical analysis are 

necessary to validate antifungal efficacy and 
establish the potential applications of TiO₂ 
nanoparticles in antimicrobial formulations [40-
41]. 

 

 
Figure 7. Antifungal activity of TiO₂ nanoparticles against five fungal strains showing inhibition zones 

and controls. 
Table 1. Antifungal inhibition zone (mm) of TiO₂ Nanoparticles Against Selected Fungal Strains 

S.No Fungal strains TiO₂ NPs  Positive Control   Negative Control   
1 Aspergillus niger 37 36 0 
3 Mucor circinelloides 20 23 0 
3 Trichoderma harzianum 31 32 0 
4 Penicillium glabrum 45 38 0 
5 Candida albicans 30 26 0 
 
4. Conclusion 
The present study investigated the green 
synthesis, physicochemical characterization, and 
antifungal potential of titanium dioxide 
nanoparticles (TiO₂ NPs) using Calendula 
officinalis extract. The plant-mediated synthesis 
approach demonstrated the potential of botanical 
extracts as environmentally conscious alternatives 
in nanoparticle fabrication. UV–visible 
spectroscopy revealed characteristic optical 
behavior, while FTIR analysis identified hydroxyl 
functionalities and Ti–O vibrations. XRD 

analysis indicated the formation of crystalline 
TiO₂ with a predominantly anatase structure. 
Thermogravimetric analysis demonstrated 
relatively high thermal stability following the 
initial decomposition stages. SEM observations 
revealed agglomerated, nearly spherical 
nanostructures with rough surfaces, whereas EDX 
analysis confirmed the presence of titanium and 
oxygen as major elemental constituents. The 
synthesized TiO₂ nanoparticles exhibited variable 
antifungal activity against five fungal strains. 
Maximum inhibition was observed against 
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Penicillium glabrum (45 mm), followed by 
Aspergillus niger (37 mm), Trichoderma harzianum 
(31 mm), Candida albicans (30 mm), and Mucor 
circinelloides (20 mm). Enhanced inhibition 
compared with positive controls was observed for 
three fungal species, suggesting species-dependent 
antifungal effectiveness. Overall, the findings 
highlight the potential of Calendula officinalis-
mediated TiO₂ nanoparticles as alternative 
antifungal materials. Further investigations 
involving toxicity assessment, minimum 
inhibitory concentration determination, 
mechanistic studies, and improved synthesis 
optimization are recommended to establish their 
practical applicability and safety. 
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