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ABSTRACT  
Antibacterial resistance has become a major global 

health concern, creating a need for the development 

of alternative antimicrobial approaches with 

improved effectiveness and safety. Nanotechnology-

based materials have gained significant attention 

due to their unique physicochemical properties, 

high surface area, and enhanced biological activity. 

Among various nanomaterials, carbon-based 

nanodots have emerged as promising candidates for 

biomedical applications, particularly in 

antimicrobial therapy.    

The present study focuses on the green synthesis of 

hydrocarbon nanodots using natural carbon sources 

such as coffee and citric acid through a simple and 

rapid microwave irradiation method. Natural 

precursors were selected due to their eco-friendly 

nature, easy availability, low cost, and presence of 

bioactive functional groups that contribute to 

nanoparticle formation and enhanced activity.    

The synthesised nanodots were incorporated with 

methylene blue to improve antibacterial potential 

through combined action. Coffee-derived and citric 

acid-derived nanodots were prepared and evaluated 

comparatively for their physicochemical and 

antibacterial properties. The prepared formulations 

were subjected to evaluation studies, including pH 

determination, UV–Visible spectroscopy, diffusion 

studies, and antibacterial activity assessment by 

zone of inhibition method against Escherichia coli.    

The results showed that coffee-based nanodots 

exhibited better performance compared to citric 

acid-based nanodots, with favourable pH, higher 

absorbance, improved diffusion characteristics, and 

enhanced antibacterial activity. The increased 

activity may be attributed to the presence of natural 

functional groups and bioactive compounds present 

in coffee-derived nanodots, which enhance 

interaction with microbial cells.    

The study concludes that green-synthesised 

hydrocarbon nanodots prepared from natural 

sources provide an effective, economical, and 

environmentally friendly approach for developing 

advanced antibacterial nanomaterials. The 

combination of carbon nanodots with methylene 

blue demonstrates improved antimicrobial potential 

and may serve as a promising platform for future 

biomedical applications.    

 

I. INTRODUCTION 
Nanotechnology is an advanced and 

rapidly developing area of science that involves the 

design, preparation, and application of materials 

with dimensions in the nanometer range. 

Nanomaterials possess unique physicochemical 

characteristics due to their extremely small size, 

large surface-to-volume ratio, enhanced surface 

reactivity, and tunable electronic and optical 

properties. These distinctive features have expanded 

the applications of nanotechnology in various fields 

including pharmaceutical sciences, biomedical 

engineering, drug delivery, diagnostics, imaging, 

sensing, and antimicrobial therapy [1,2].    

Among the different classes of 

nanomaterials, carbon-based nanomaterials have 

received significant attention because of their 

excellent stability, low toxicity, biocompatibility, 

and ability to undergo surface modification. Carbon 

nanodots (CNDs), also known as carbon quantum 

dots, are a new category of zero-dimensional carbon 

nanomaterials generally consisting of nanosized 

carbon cores with abundant functional groups 

present on their surfaces. These surface groups 

contribute to their water solubility, stability, and 
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interaction with biological molecules, making them 

suitable candidates for biomedical applications 

[3,4].    

Carbon nanodots represent a unique class 

of fluorescent carbon nanomaterials that exhibit 

remarkable photoluminescence properties. Their 

fluorescence behaviour depends on several factors 

including particle size, surface defects, chemical 

composition, and surface functional groups. Due to 

these optical properties, carbon nanodots have been 

widely explored in bioimaging, sensing, and 

diagnostic applications [5,6]. The tunable emission 

properties of carbon nanodots allow modification of 

their performance according to specific application 

requirements [7].    

The physicochemical properties of carbon 

nanodots are strongly influenced by the synthesis 

method and precursor materials used. Different 

preparation approaches have been developed, 

including top-down and bottom-up synthesis 

methods. Top-down approaches involve breaking 

larger carbon structures into nanoscale materials, 

whereas bottom-up approaches involve 

carbonization of small molecular precursors to form 

nanodots. Common synthesis techniques include 

hydrothermal treatment, microwave irradiation, 

pyrolysis, sonochemical methods, and chemical 

oxidation [8,9].    

Among these methods, microwave-assisted 

synthesis has gained considerable importance due to 

its rapid heating capability, uniform energy 

distribution, shorter reaction time, and simple 

operational procedure. Microwave irradiation 

promotes efficient carbonisation of precursor 

molecules, leading to the formation of nanoscale 

carbon structures with desirable optical and surface 

properties [10]. This approach is considered 

advantageous for the preparation of carbon 

nanodots because it reduces energy consumption 

and supports green chemistry principles.    

The selection of precursor materials plays 

a crucial role in determining the structure, surface 

chemistry, and biological properties of synthesised 

carbon nanodots. Small organic molecules and 

naturally derived materials have been widely 

investigated as carbon sources because they are 

inexpensive, easily available, and environmentally 

acceptable. Natural precursors contain various 

organic compounds that undergo carbonisation and 

contribute functional groups such as hydroxyl, 

carboxyl, and amino groups to the nanodot surface 

[11,12].    

Green synthesis of carbon nanodots has 

emerged as an important research area due to the 

increasing demand for sustainable and eco-friendly 

nanomaterial production. Compared with 

conventional synthesis methods, green synthesis 

minimises the use of toxic chemicals and utilises 

renewable resources. Natural sources such as plant 

extracts, agricultural waste, foodderived materials, 

and biomolecules have been reported as effective 

precursors for the development of functional carbon 

nanodots [13].    

Carbon nanodots prepared from natural 

resources demonstrate improved biological 

compatibility because of the presence of naturally 

occurring functional molecules on their surfaces. 

These surface functionalities enhance dispersibility 

in aqueous systems and facilitate interactions with 

biological environments. Various studies have 

reported the use of natural carbon sources for 

developing nanodots with applications in sensing, 

imaging, antioxidant activity, and therapeutic 

systems [14,15].    

The unique surface properties of carbon 

nanodots allow further modification and 

incorporation of additional active molecules. 

Surface engineering and heteroatom doping 

approaches have been explored to improve their 

optical, chemical, and biological performance. 

Nitrogen and sulfur-containing modifications have 

been shown to influence the electronic structure, 

fluorescence properties, and antioxidant behaviour 

of carbon nanodots [16].    

Carbon nanodots have also gained 

attention in the field of antimicrobial research due 

to their ability to interact with microbial cells. The 

nanoscale size and surface functionality of these 

materials allow effective contact with bacterial 

surfaces. Their antibacterial action may involve 

disruption of bacterial membranes, oxidative stress 

generation, interaction with intracellular 

components, and interference with essential cellular 

processes [17].    

The increasing emergence of antimicrobial 

resistance has become a major challenge in 

healthcare and pharmaceutical research. The 

reduced effectiveness of conventional antimicrobial 

agents has created a need for alternative strategies 

that can provide effective microbial control. 

Nanomaterial-based approaches have gained 

importance because they can act through multiple 

mechanisms and reduce the possibility of rapid 

resistance development  

[18].    

Carbon nanodots have demonstrated 

promising antibacterial activity due to their unique 

physicochemical characteristics. Their small particle 
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size provides a large active surface area, allowing 

close interaction with bacterial cell walls and 

membranes. This interaction may lead to membrane 

damage, increased permeability, leakage of 

intracellular components, and disturbance of normal 

cellular functions. In addition, certain carbon 

nanodots can generate reactive oxygen species 

(ROS), which contribute to oxidative stress and 

bacterial growth inhibition [19].    

The antibacterial efficiency of carbon 

nanodots depends on various factors including 

particle size, surface charge, functional groups, 

precursor composition, and synthesis conditions. 

Surface modification and incorporation of 

heteroatoms can enhance their biological activity by 

improving interaction with microbial cells and 

altering their surface characteristics [20]. Nitrogen-

doped carbon nanodots have been reported to 

exhibit significant biological effects due to their 

modified surface properties and enhanced 

interaction with microorganisms [21].    

Natural carbon precursors are particularly 

attractive for antibacterial nanodot development 

because they contain bioactive compounds that may 

contribute additional biological effects. Coffee 

extract, for example, contains various 

phytochemical constituents such as polyphenols, 

caffeine, and chlorogenic acid. These naturally 

occurring compounds can participate in 

carbonisation during synthesis and may influence 

the surface chemistry and biological performance of 

the resulting nanodots [22].    

Citric acid is another widely used carbon 

precursor for carbon nanodot synthesis because of 

its simple molecular structure and ability to form 

carbon frameworks during thermal treatment. Citric 

acid-derived carbon nanodots generally contain 

oxygen-rich surface groups, including hydroxyl and 

carboxyl functionalities, which improve water 

dispersibility and provide active sites for further 

interactions [23].    

The combination of carbon nanodots with 

other bioactive molecules has gained attention for 

improving therapeutic performance. Methylene 

blue, a phenothiazine derivative dye, has been 

extensively investigated for photodynamic 

applications due to its ability to produce reactive 

oxygen species upon activation. These reactive 

species can damage microbial structures and 

contribute to antimicrobial effects [24].    

Photodynamic antimicrobial approaches 

using methylene blue involve the interaction 

between the photosensitizer, light, and molecular 

oxygen, resulting in the formation of reactive 

oxygen species. These species can cause oxidative 

damage to proteins, lipids, and nucleic acids of 

microorganisms, leading to microbial inactivation 

[25]. Incorporation of methylene blue with 

nanomaterial systems may enhance activity by 

improving localization, stability, and interaction 

with microbial cells.    

Carbon nanodots have also shown potential 

beyond antimicrobial applications, including 

bioimaging, biosensing, antioxidant systems, and 

therapeutic delivery. Their excellent aqueous 

stability, fluorescence behaviour, and functional 

surface chemistry make them versatile platforms for 

biomedical research [26]. Studies involving carbon 

nanodots derived from natural resources have 

demonstrated their suitability for biological 

applications due to their favourable compatibility 

and multifunctional properties [27].    

Characterization of synthesized carbon 

nanodots is essential to confirm their formation and 

evaluate their functional properties. Techniques 

such as UV–Visible spectroscopy, fluorescence 

analysis, particle size analysis, and surface 

characterization help determine optical behaviour, 

structural features, and stability of the prepared 

nanodots [28]. The evaluation of physicochemical 

properties provides important information regarding 

their suitability for biological applications.    

In the present study, hydrocarbon nanodots 

were synthesized using natural carbon sources such 

as coffee extract and citric acid through microwave-

assisted green synthesis. The prepared nanodots 

were evaluated for physicochemical properties 

including pH, optical characteristics, diffusion 

behaviour, and antibacterial activity. The study also 

investigates their potential antibacterial 

effectiveness in comparison with methylene blue.    

The development of naturally derived 

hydrocarbon nanodots represents a promising 

approach towards the preparation of safe, 

economical, and environmentally friendly 

nanomaterials. Such systems may provide future 

opportunities in pharmaceutical and biomedical 

fields, particularly in the development of novel 

antibacterial strategies.    

 

II. AIM & OBJECTIVE 
Aim: The present study is aimed at the green 

synthesis, formulation and evaluation of 

hydrocarbon nanodots derived from coffee extract 

and citric acid as carbon precursors using a 

microwave-assisted synthesis technique for 

potential antibacterial applications through 

methylene blue incorporation.  
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Objective:  The objectives of this project are  

1. To synthesize hydrocarbon nanodots using 

coffee extract and citric acid as natural carbon 

precursors by the microwave-assisted green 

synthesis method.  

2. To formulate and characterize the 

synthesized hydrocarbon nanodots by evaluating 

their physicochemical properties.  

3. To incorporate methylene blue into the 

synthesized hydrocarbon nanodots and evaluate the 

stability of the developed formulations.  

4. To evaluate the antibacterial activity of the 

synthesized hydrocarbon nanodots against 

Escherichia coli using the agar well diffusion 

method.  

5. To compare the physicochemical 

characteristics and antibacterial activity of 

coffeebased and citric acid-based hydrocarbon 

nanodots.  

 

III. LITERATURE REVIEW 
1.Green Synthesized Carbon Nanodots as 

Antibacterial Nanomaterials    

Sharma et al. (2025) reported that green 

synthesized carbon nanodots prepared from natural 

sources exhibit significant antibacterial activity due 

to their unique surface properties, functional groups, 

and reactive oxygen species generation. These 

properties enhance interaction with microbial cells 

and contribute to bacterial growth inhibition.    

1. Biomass-Derived Carbon Nanodots for 

Antibacterial Applications    

Reddy et al. (2025) demonstrated that carbon 

nanodots synthesized from biomass sources possess 

broadspectrum antibacterial activity against both 

Gram-positive and Gram-negative bacteria. The 

study emphasized that particle size, surface 

chemistry, and high surface area play important 

roles in antimicrobial effectiveness.    

2. Microwave-Assisted Synthesis of Carbon 

Nanodots    

Kumar et al. (2024) explained that microwave 

irradiation is a rapid, simple, and efficient technique 

for the preparation of carbon nanodots. The method 

provides uniform heating, reduced reaction time, 

and formation of well-functionalized nanoparticles 

with improved properties.    

3. Plant-Based Carbon Dots for Enhanced 

Antimicrobial Activity    

Singh et al. (2024) reported that carbon nanodots 

obtained from plant-based precursors contain 

naturally occurring functional groups such as 

hydroxyl and carboxyl groups. These groups 

improve surface activity and enhance interaction 

with bacterial membranes.    

5.2024 – Cui et al.  

Cui and co-workers investigated the antibacterial 

mechanism of surface-modified carbon dots against    

Staphylococcus aureus. The study reported that 

functional groups on carbon dots contributed to 

interaction with bacterial cell membranes and 

enhanced antibacterial effects    

6. Coffee-Derived Carbon Nanodots for 

Biomedical Applications    

Patel et al. (2023) successfully synthesized carbon 

nanodots using coffee as a natural carbon precursor. 

The study reported that coffee-derived nanodots 

possess good stability, functional properties, and 

potential applications in biomedical fields.    

7. Antimicrobial Properties of Methylene 

Blue    

Verma et al. (2023) described that methylene blue 

exhibits antimicrobial activity through 

photosensitization and generation of reactive 

oxygen species. It can contribute to bacterial 

inhibition when used with suitable nanomaterial 

systems.    

8. Synergistic Effect of Carbon Nanodots and 

Methylene Blue    

Gupta et al. (2023) reported enhanced antibacterial 

activity when carbon nanodots were combined with 

methylene blue. The increased activity was 

attributed to synergistic interaction and improved 

reactive oxygen species production.    

9.2023 – Gedda et al.  

Gedda and co-workers reported the green synthesis 

of multifunctional carbon dots from medicinal plant 

leaves. The synthesized carbon dots showed 

antimicrobial, antioxidant and bioimaging 

applications. The study demonstrated that 

renewable biological precursors can be effectively 

used for carbon dot synthesis with improved 

biological activity.   

10.2023 – Prathap et al.  

Prathap and co-workers synthesized fluorescent 

carbon dots from Prosopis juliflora using a 

hydrothermal method and evaluated their 

antibacterial and bioimaging properties. The study 

highlighted the potential of naturally derived carbon 

dots as multifunctional nanomaterials for 

biomedical applications.     

11.2023 – Pant et al.  

Pant and co-workers developed a green synthesis 

approach for N,P,S co-doped carbon quantum dots 

and evaluated their antibacterial and antioxidant 

activities. The study reported that surface doping 
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improved the functional properties and biological 

activity of carbon dots.  

12.2023 – Cui et al.  

Cui and co-workers synthesized carbon quantum 

dots through a hydrothermal reaction and evaluated 

their antibacterial and antibiofilm activity. The 

study demonstrated that carbon quantum dots can 

interact with microbial cells and inhibit bacterial 

growth, supporting their application as 

antimicrobial nanomaterials.    

13.2023 – Supajaruwong et al.  

Supajaruwong and co-workers reported scalable 

synthesis of carbon dots from sugar-based 

precursors using a continuous flow system and 

investigated their application as antimicrobial drug 

nanocarriers. The study showed the potential of 

carbon dots in biomedical delivery systems.     

14.2023 – Chugh and Kaur  

Chugh and Kaur synthesized carbon dot–silver 

nanocomposites using a facile approach and 

evaluated their antibacterial activity. The study 

indicated that combining carbon dots with active 

components can enhance antimicrobial 

performance.     

15.Effect of Carbon Precursors on Nanodot 

Properties    

Ibrahim et al. (2022) concluded that selection of 

carbon precursor significantly influences the size, 

morphology, surface chemistry, and biological 

activity of carbon nanodots. Natural precursors 

provide ecofriendly alternatives with improved 

functional properties.    

16.2021 – Khan et al.  

Khan W.U., Qin L., Alam A., Zhou P., Peng Y., 

Wang Y. reported the synthesis of water-soluble 

green-emitting carbon nanodots with enhanced 

thermal stability for biological applications. The 

study demonstrated that green synthesized carbon 

nanodots possess good stability and suitable 

properties for biomedical applications.    

17.2021 – Chen et al.  

Chen L., Song M., Guan J., Shu Y., Jin D., Fan G., 

Xu Q., Hu X.Y. developed a carbon nanodotbased 

photoelectrochemical platform for sensing 

applications. The study highlighted the importance 

of surface functional groups of carbon nanodots in 

improving interaction with biological and analytical 

molecules.    

18.2021 – Qin et al.  

Qin X., Liu J., Zhang Q., Chen W., Zhong X., He J. 

synthesized yellow fluorescent carbon nanodots 

using microplasma and evaluated their imaging and 

photocatalytic activity. The work demonstrated the 

multifunctional behaviour of carbon nanodots. 

19.2021 – Ha et al.  

Ha J., Seo Y., Kim Y., Lee J., Lee H., Kim S. et al. 

synthesized nitrogen-doped carbon nanodots and 

evaluated their antibacterial application. The study 

reported the ability of carbon nanodots to inhibit 

bacterial growth, supporting their potential in 

antimicrobial applications.    

20.2021 – Zhao et al.  

Zhao L., Zhao L., Li H., Ma J., Bian L., Wang X., 

Pu Q. reported controlled synthesis of fluorescent 

carbon materials. The study emphasized the role of 

synthesis conditions in controlling optical properties 

and performance of carbon nanodots.    

21.2021 – Xu et al.  

Xu Y., Li P., Cheng D., Wu C., Lu Q. et al. reviewed 

group IV nanodots, their surface engineering and 

applications in bioimaging and biotherapy, 

highlighting the biomedical importance of nanodot 

systems.    

 

IV. DRUGS AND EXCIPIENT PROFILE 
Drug profile    

Methylene Blue    

Chemical Name: Methylene Blue    

Chemical Formula: C₁₆H₁₈ClN₃S 

Molecular Weight: 319.85 g/mol   Chemical 

Nature: Phenothiazine dye    

Category: Antimicrobial agent, photosensitizing 

agent    

Physical Appearance:    

Methylene blue is a dark green crystalline powder 

that forms a deep blue solution when dissolved in 

water.    

Solubility:  

It is freely soluble in water and slightly soluble in 

alcohol.    

Mechanism of Action:  

Methylene blue exhibits antibacterial activity 

mainly through generation of reactive oxygen 

species (ROS). Under suitable conditions, it 

undergoes excitation and produces oxidative stress, 

which damages bacterial cell membranes, proteins, 

and nucleic acids, resulting in microbial inhibition.    

Pharmacological Properties:  

* Antibacterial activity    

* Antioxidant and redox activity    

* Photosensitizing property    

* Microbial growth inhibition    

Role in the Present Study:  

In the present study, methylene blue is combined 

with green synthesized hydrocarbon nanodots to 

enhance antibacterial activity.    

Its incorporation helps to:    
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* Increase reactive oxygen species 

generation    

* Improve interaction with bacterial cells    

* Enhance antimicrobial effectiveness of 

nanodots    

* Provide synergistic antibacterial action    

The combination of methylene blue with carbon 

nanodots creates an advanced nano-based 

antibacterial system with improved microbial 

inhibition potential.    

 

 
Figure 1: Structure of Methylene blue 

 

Excipient profileCitric Acid    

Chemical Name: Citric Acid    

Chemical Formula: C₆H₈O₇    

Molecular Weight: 192.12 g/mol    

Chemical Nature: Organic weak tricarboxylic acid    

Category: Carbon precursor, stabilizing agent    

Physical Appearance:  

Citric acid is a white crystalline powder with an 

acidic taste and odorless nature.    

Solubility:  

Freely soluble in water and forms a clear aqueous 

solution.    

Functional Properties:  

* Acts as a natural carbon source for the 

synthesis of carbon nanodots    

* Provides carboxyl and hydroxyl functional 

groups on the nanodot surface    

* Improves water dispersibility and stability 

of synthesized nanoparticles    

* Helps in formation of fluorescent carbon-

based nanostructures    

Role and Importance in the Present Study:  

Citric acid is used as a green precursor for 

hydrocarbon nanodot synthesis. During microwave 

irradiation, citric acid undergoes carbonization and 

forms nanosized carbon structures with oxygen-

containing surface groups. These functional groups 

improve interaction with microbial cells and 

contribute to enhanced    

antibacterial activity.    

 

 
Figure 2 :Structureof  Citric acid 

 

Urea    

Chemical Name: Carbamide    

Molecular Formula: CH₄N₂O Molecular  

Weight: 60.06 g/mol    

Description:  

Urea is an organic compound containing carbonyl 

and amino functional groups. It is a naturally 

occurring  nitrogen-containing compound and is 

widely used in pharmaceutical, cosmetic, and 

biomedical  formulations. It appears as a white, 

crystalline, odourless powder and is highly soluble 

in water.    

Chemical Structure:  

Urea consists of a carbonyl group (C=O) attached to 

two amino groups (–NH₂). The presence of these 

functional groups makes urea an important nitrogen 

and carbon source in nanomaterial synthesis.    

Role in Hydrocarbon/Carbon Nanodot Synthesis:    

In the preparation of carbon nanodots, urea acts as a 

carbon and nitrogen-containing precursor. During 

thermal or microwave-assisted carbonization, urea 

undergoes decomposition and contributes  

carbonaceous and nitrogen-containing functional 

groups to the nanodot structure.    

The nitrogen atoms derived from urea can introduce 

nitrogen doping into the carbon nanodots, which 

may enhance their surface properties, fluorescence 

behaviour, stability, and biological activity. 

Nitrogen doping improves electron distribution 

within the carbon framework and provides 

additional active sites for interaction with biological 

molecules.    

 

Functional Properties:  

* Provides nitrogen-containing functional 

groups    

* Enhances surface modification of carbon 

nanodots    

* Improves aqueous dispersibility    

* Contributes to optical and fluorescence 

properties    

* May influence antibacterial activity by 

modifying surface interactions    
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Pharmaceutical Applications:  

* Used as a moisturizing agent in topical 

preparations    

* Used in dermatological formulations due to 

its keratolytic and hydrating properties    

* Used as a stabilizing and functional 

ingredient in various formulations    

 

Advantages in Nanodot Formulation:    

Urea is preferred as a precursor because of its low 

cost, easy availability, water solubility, and ability 

to produce nitrogen-doped carbon nanodots with 

improved physicochemical characteristics.    

 
Figure 3 :Structure of Urea 

Coffee Extract  

Biological Source:  

Obtained from roasted seeds of Coffea species.    

Category:  

Natural carbon precursor and bioactive source    

Chemical Constituents:  

* Caffeine    

* Chlorogenic acid    

* Polyphenols    

* Flavonoids    

* Carbohydrates    

* Organic acids    

Physical Appearance:    

Brown coloured aqueous extract with characteristic 

coffee aroma.    

Functional Properties:  

* Provides natural carbon source for nanodot 

formation    

* Contains phytochemicals that improve 

surface functionality    

* Enhances antioxidant and antibacterial 

properties    

* Supports eco-friendly synthesis approach  

Role and Importance in the Present Study:  

Coffee extract acts as a renewable and inexpensive 

carbon precursor for the preparation of hydrocarbon 

nanodots. The bioactive compounds present in 

coffee contribute to surface modification of 

nanodots and enhance their biological activity 

against microorganisms.    

 
Figure 4:Coffee extract 

 

 

Plan of work 

 

Selection of Research Topic  

↓  

     Review of Available Literature on Carbon Nanodots and Antibacterial       

Nanomaterials  

               ↓  

       Selection of Natural Carbon Precursors (Coffee  

Extract and Citric Acid)  

↓  

Collection and Authentication of Materials  

↓  

Preparation of Precursor Solutions  

↓  

Green Synthesis of Hydrocarbon Nanodots by Microwave Irradiation method  
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↓  

Purification and Isolation of Synthesized Nanodots 

↓ 

Physicochemical Characterization of Prepared Nanodots 

* Physical Appearance 

* pH Determination 

* UV–Visible Spectroscopic Analysis 

* Stability Studies 

↓ 

Preparation of Nanodot–Methylene Blue Combination System 

↓ 

Evaluation of Antibacterial Activity 

* Selection of Test Microorganism 

* Agar Diffusion Method 

* Zone of Inhibition Measurement 

↓ 

Comparative Evaluation of Coffee-Derived and Citric Acid-Derived nanodots 

↓ 

Analysis and Interpretation of Experimental Data 

↓ 

Discussion of Results 

↓ 

Summary 

↓ 

Conclusion 

 

V. MATERIALS AND METHODOLOGY 
 

MATERIALS     

Materials Used for Hydrocarbon Nanodot Synthesis   

 

 

S.  

No.  

Materials  Category  Role / Use  

1    Coffee extract    Natural carbon precursor    Used as a carbon source for synthesis of 

hydrocarbon nanodots and provides natural   

bioactive compounds    

2    Citric acid    Carbon precursor    Used as a carbon source for nanodot 

formation and provides  

oxygen-containing   functional groups    

3    Urea    Nitrogen-containing 

precursor    

Used as a nitrogen source for doping and 

modification of nanodots, improving    

surface properties    

4    Sodium hydroxide   

(NaOH)    

Alkalizing agent / pH 

adjusting agent    

Used for pH adjustment and maintaining 

suitable reaction conditions during   

preparation    

5    Hydrochloric acid   

(HCl)    

Acidifying agent / pH 

adjusting agent    

Used for pH adjustment and controlling 

acidity during preparation  

and evaluation    
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6    Ethanol    Solvent / Purification 

agent    

Used for washing, purification, and 

dispersion of synthesized nanodots   

7    Methylene blue    Standard antimicrobial 

agent    

Used as reference compound for comparison 

and evaluation of antibacterial   activity    

8    Distilled water    Solvent    Used for preparation, dilution, and 

dispersion of synthesized nanodot  

samples    

Table 1-List of ingredients used for synthesis of hydrocarbon nanodots 

 

REQUIREMENTS    

Ingredients Required  

The following ingredients were used for the 

preparation and evaluation of carbon nanodots:    

Citric acid, Urea, Coffee extract, Distilled water, 

Sodium hydroxide (NaOH), Hydrochloric acid 

(HCl), Ethanol,   Methylene blue    

Apparatus Required  

The following apparatus were used during the 

experimental procedure:    

Analytical balance, Beakers, Measuring cylinder, 

Pipettes, Glass rod, Magnetic stirrer, Microwave 

oven / microwave reactor, Centrifuge tubes, 

Centrifuge machine, Filter paper, pH meter, Sample 

containers    

 

                                       Hydrocarbon Nanodots Formulation Table    

S .N  

o   

.     

 

Ingredients   

 Category      F1      F2      F3      F4      F5      F6  

1     Citric acid    Carbon precursor     0.5g  1g    1.5g   -      -     -  

2     Urea      

Nitrogencontaining 

precursor     

1g     1g    1g    1g  1g  1g  

3     Coffee 

extract     

 

Naturalcarbon 

precursor     

 -      -      -      0.5g   1g     1.5g  

4     

Distilled 

water     

 Solvent     10ml  10ml  10ml  50ml  75ml  100ml  

 

Table 2-Formulation composition of citric acid–urea based hydrocarbon nanodots 
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Figure 5:Formulation F1 of citric acid–urea based 

hydrocarbon nanodots  prepared   using lower 

concentration of citric acid precursor 

 

 
Figure 6: Formulation F2 of citric acid–urea based 

hydrocarbon nanodots prepared using optimized 

concentration of citric acid precursor 

 
Figure 7: Formulation F3 of citric acid–urea based 

hydrocarbon nanodots prepared    using higher 

concentration of citric acid precursor 

METHODOLOGY  

Preparation of Citric Acid–Urea Based Carbon 

Nanodots    

• Citric acid and urea were accurately 

weighed according to the formulation and 

transferred into a clean glass beaker.    

• 10 ml of distilled water was added to the 

mixture and stirred continuously until a clear and 

homogeneous precursor solution was obtained.    

 

 
Figure 8: Preparation of citric acid–urea precursor 

solution by mixing citric acid, urea and distilled 

water 

 

• The prepared solution was transferred into 

a microwave-safe container and subjected to 

microwave irradiation at 600–800 W for 3–5 

minutes.    

• 

 
Figure 9: Microwave-assisted carbonization of 

citric acid–urea precursor solution 

 

• During microwave treatment, the precursor 

molecules underwent dehydration, polymerization, 

and carbonization, resulting in the formation of 

carbon nanodots.    
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• After completion of synthesis, the obtained 

nanodot solution was allowed to cool to room 

temperature.    

• The synthesized dispersion was diluted by 

adding 20–30 ml of distilled water.    

 

 
Figure 10 : Synthesized citric acid–urea based 

hydrocarbon nanodot dispersion after microwave 

treatment 

 

• The diluted solution was centrifuged at 

9000–10000 rpm for 10–15 minutes to remove 

unreacted materials and impurities.    

• The clear supernatant containing carbon 

nanodots was collected and stored for further 

evaluation.    

• 

 
Figure 11: Centrifugation process for purification of 

synthesized citric acid–urea based hydrocarbon 

nanodots and collection of supernatant 

Preparation of Coffee-Based Carbon Nanodots    

• Coffee powder (0.5–1 g) was accurately 

weighed and dispersed in 50–100 ml distilled water.    

  

 
Figure 12: Preparation of coffee and citric acid 

based precursor mixture for synthesis of 

hydrocarbon nanodots 

 

• The mixture was stirred thoroughly to 

obtain a uniform coffee extract and filtered to 

remove solid particles.    

 
Figure 13: Addition of distilled water and 

continuous stirring of precursor mixture for 

preparation of nanodot dispersion 
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• The obtained filtrate was transferred into a 

microwave-safe container and subjected to 

microwave irradiation at 600–800 W for 3–5 

minutes.    

• The colour change from light brown to 

dark brown/black indicated the formation of carbon 

nanodots.    

• The prepared solution was cooled to room 

temperature and diluted with 20–30 ml distilled 

water.    

• The diluted dispersion was centrifuged at 

9000–10000 rpm for 10–15 minutes.     

 

 
Figure 14: Centrifugation of prepared coffee-based 

hydrocarbon nanodot dispersion for removal of 

impurities  

 

• The clear supernatant obtained was 

collected and stored for further studies.    

 
Figure 15: Collection of purified supernatant 

containing synthesized coffee-based hydrocarbon 

nanodots after centrifugation 

 

Addition of Methylene Blue to Synthesized 

Hydrocarbon Nanodots  

The prepared methylene blue solution was used for 

incorporation with the synthesized hydrocarbon 

nanodot dispersions to evaluate the interaction and 

stability of methylene blue with different nanodot 

formulations.    

A measured quantity of methylene blue solution 

was added separately to the prepared citric acid–

urea based hydrocarbon nanodot dispersion and 

coffee-based hydrocarbon nanodot dispersion. The 

mixtures were gently stirred to obtain a uniform 

dispersion.   The prepared methylene blue 

incorporated nanodot samples were kept under 

observation for stability changes. The interaction 

between methylene blue and synthesized nanodots 

was evaluated by observing the colour intensity and 

dispersion stability after stirring.   The samples were 

further used for comparative evaluation of 

methylene blue incorporation with citric acidbased 

and coffee-based hydrocarbon nanodots.    
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Figure 16: Addition of methylene blue to citric acid-

based and coffee-based hydrocarbon nanodot    

dispersions 

 

 
Figure 17: Methylene blue incorporated 

hydrocarbon nanodot dispersions after continuous 

stirring for 1– 

2 hours 

 

Storage of Prepared Nanodots 

•The purified carbon nanodot samples were stored 

in suitable containers at room temperature for 

further characterisation and evaluation studies.    

 

VI. RESULTS AND DISCUSSIONS 

 

EVALUATION TESTS   

pH Determination: Initially, the pH meter was 

switched on and calibrated using standard buffer 

solutions of pH 4, 7, and 9/10 to ensure accuracy. 

The electrode was then rinsed with distilled water 

and gently wiped to remove any impurities. The 

electrode was first immersed in the citric acid–based 

nanoparticle solution. After allowing the reading to 

stabilise, the pH was recorded. The electrode was 

again rinsed with distilled water to avoid 

contamination. Next, the electrode was dipped into 

the coffee-based nanoparticle solution, and the 

stabilised pH reading was recorded.    

 

UV–Visible Spectroscopy: The samples were 

analysed using a UV–Visible spectrophotometer. 

The instrument was switched on and allowed to 

warm up. The wavelength was set at 660 nm. A 

blank solution (buffer/distilled water) was prepared 

and used to calibrate the instrument to zero 

absorbance.    

A small amount of each sample (coffee-based and 

citric acid-based solutions) was placed in a clean 

cuvette without air bubbles and then placed in the 

sample holder. The absorbance was measured at 660 

nm and recorded. The procedure was repeated for 

all samples.    

 

Diffusion Studies :A phosphate buffer (pH 6.8–7.4) 

was prepared and used as the receptor medium. A 

dialysis membrane was washed with distilled water 

and soaked in buffer for 10–15 minutes. The 

membrane was then fixed between the donor and 

receptor compartments of the Franz diffusion cell 

without leakage. The receptor compartment was 

filled with buffer solution and maintained under 

continuous stirring at around 37°C. About 1 mL of 

nanoparticle solution (coffee-based or citric acid-

based) was added to the donor compartment.    

The system was allowed to run for 1–2 hours, 

during which diffusion occurred across the 

membrane. Diffusion was observed visually by 

noting changes in the receptor compartment (such 

as slight color change in case of coffee) or by 

comparing the extent of diffusion after the fixed 

time.    
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                             Figure 18: pH  of phosphate buffermedium                      Figure 19: Egg membrane 

 

Zone of Inhibition: Nutrient broth was prepared and sterilised, then inoculated with Escherichia coli and 

incubated at 37°C for 18–24 hours to obtain an active bacterial culture.   

 

 
Figure 20: Preparation and sterilization of nutrient broth followed by inoculation with Escherichia coli culture  

for antibacterial activity evaluation 

 

Nutrient agar medium was prepared, sterilised, and 

poured into sterile Petri plates. The plates were 

allowed to solidify. The prepared E. coli broth 

culture was then evenly spread over the surface of 

the agar plates using a sterile cotton swab to form a 

uniform lawn culture.    

 

Figure 21: Preparation of sterile nutrient agar 

medium and pouring into sterile Petri plates for 

bacterial growth and testing 

 

Using a sterile cork borer, wells were made in the 

agar medium. Equal volumes of test samples were 

added into the wells separately: methylene blue 

solution, citric acid nanoparticles, and coffee 

nanoparticles. The plates were then incubated at 

37°C for 24 hours. After incubation, the plates were 

observed for clear zones around the wells, and the 

diameter of the zones of inhibition was measured in 

millimetres.    
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Figure 22 : Addition of test samples (methylene blue, citric acid-based hydrocarbon nanodots and coffeebased 

hydrocarbon nanodots) into agar wells for zone of inhibition evaluation 

 

Particle Size Analysis:   

Particle size and polydispersity index 

(PDI) of the prepared nanoparticles were 

determined using a Dynamic Light Scattering 

(DLS) analyzer. Approximately 1 mL of the 

nanoparticle dispersion was diluted with distilled 

water or the same solvent used during preparation to 

obtain an appropriate concentration for analysis. 

The diluted sample was mixed gently to ensure 

uniform dispersion while avoiding the formation of 

air bubbles. If necessary, the sample was filtered 

through a 0.22 µm syringe filter to remove dust 

particles. The prepared sample was transferred into 

a clean, dry disposable cuvette and placed in the 

DLS instrument. The sample was allowed to 

equilibrate at 25 ± 1°C for 2–5 minutes before 

analysis. Instrument parameters, including sample 

name, solvent, temperature, viscosity, refractive 

index, and measurement angle (90° or 173° 

backscatter), were entered into the software. The 

measurement was then initiated, and the instrument 

determined the particle size and PDI based on 

fluctuations in scattered light caused by the 

Brownian motion of nanoparticles. Each sample 

was analyzed in triplicate, and the average values 

were recorded. SEM/TEM Analysis: The 

synthesised hydrocarbon nanodot dispersions were 

collected after completion of the synthesis process 

and centrifugation. For SEM analysis, a small 

quantity of the nanodot dispersion was dropped 

onto a clean silicon wafer/aluminium stub and 

allowed to dry completely at room temperature. 

The dried sample was coated with a thin conductive 

layer, when necessary, to improve image quality and 

reduce charging effects during analysis. The 

prepared sample was placed in the Scanning 

Electron Microscope (SEM) chamber and examined 

under appropriate accelerating voltage and 

magnification.  

SEM images were recorded to evaluate the surface 

morphology, particle distribution and aggregation 

behaviour of the synthesised hydrocarbon nanodots. 

For TEM analysis, a dilute dispersion of 

hydrocarbon nanodots was prepared using distilled 

water. A drop of the diluted sample was placed onto 

a carbon-coated copper grid and allowed to dry 

under ambient conditions. The prepared grid was 

carefully loaded into the Transmission Electron 

Microscope (TEM).TEM images were captured at 

suitable magnifications to determine particle shape, 

particle size and nanoscale structural characteristics. 

The obtained SEM and TEM micrographs were 

analysed and compared to confirm the successful 

formation of hydrocarbon nanodots and evaluate 

their morphological characteristics.  
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   SEM Image                                                              TEM Image   

 

30a:Coffee-Based Hydrocarbon Nanodots  

 

 
 

SEM Image                                                        TEM Image 

30b:Citric Acid -Based Hydrocarbon Nanodots  

                            Figure 30:SEM/TEM images of Coffee-based and Citric Acid-based Hydrocarbon  

Nanoparticles   

 

Physical Appearance of Synthesised Carbon 

Nanodots    

The prepared carbon nanodot samples were 

visually evaluated after synthesis. The formation of 

nanodots was indicated by the change in colour of 

the reaction mixture after microwave irradiation.    

The citric acid–based nanodot formulation showed a 

colour change from colourless to yellow/brown, 

whereas the coffee-based nanodot formulation 

showed a change from light brown to dark 

brown/black, indicating successful carbonisation 

and formation of carbon nanodot structures.    

 

pH Determination    

The pH of synthesised carbon nanodot samples was evaluated to determine their acidity and stability 

characteristics.    

S.NO    Sample    pH Value    

1    Citric acid-based nanoparticles    5.58    

2    Coffee-based nanoparticles    6.60    
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Table 3-Comparative pH evaluation of synthesised hydrocarbon nanodots 

 

    
Figure 23: pH determination of citric acid–based      Figure 24: pH determination of coffee-Based 

 

Result:  

The coffee-based nanoparticles showed a pH value of 6.60, which was closer to neutral compared to citric acid-

based nanoparticles (5.58). This indicates that coffee-based nanoparticles possess a more favourable pH 

condition and comparatively lower acidic nature.    

 

UV–Visible Spectroscopic Analysis    

UV–Visible spectroscopy was performed to analyse the optical properties of the prepared nanodots. The 

samples were analysed at a wavelength of 660 nm and their absorbance values were recorded.   

 

S. No.    Sample    Absorbance at 660 nm    

1    Citric acid-based nanoparticles    0.65    

2    Coffee-based nanoparticles    1.07    

Table 4-Absorbance values of synthesized hydrocarbon nanodots at 660 nm 

 

    
Figure 25: UV–Visible spectroscopic analysis                            Figure 26: UV–Visible spectroscopic analysis                 

coffee-based hydrocarbon nanodots                                   of citric acid–urea based hydrocarbon nanodots   

 

Result: 

The coffee-based nanoparticles exhibited higher absorbance (1.07) compared to citric acid-based nanoparticles 

(0.65), indicating better optical response and higher effective concentration of nanoparticles.    

 

Diffusion Studies    

The diffusion behaviour of synthesized nanoparticles was evaluated using a Franz diffusion cell containing 

phosphate buffer as receptor medium. The study was performed for 1–2 hours to compare the diffusion 

characteristics of coffee-based and citric acidbased nanoparticles.    
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27a: After 1 hour                                                      27b:After 2 hour 

Figure 27: Diffusion study of coffee-based hydrocarbon nanodots 

 

   
28a: After 1 hour                                                          28b:After 2 hour 

Figure 28: Diffusion study of citric acid-based hydrocarbon nanodots 

 

 
Graph 1-Comparative diffusion kinetics of coffee-based vs. citric acid-based hydrocarbon nanodots at 1 and 2 

hours 
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Result:  

The coffee-based nanoparticles showed faster and 

greater diffusion through the semipermeable 

membrane compared with citric acid-based 

nanoparticles. Increased transfer of sample into the 

receptor compartment indicated better permeability 

and diffusion characteristics of coffeederived 

nanoparticles.    

Antibacterial Activity Evaluation (Zone of 

Inhibition Method)    

The antibacterial activity of prepared samples was 

evaluated against Escherichia coli using the agar 

well diffusion method. The zone of inhibition 

produced by different samples was measured in 

millimetres after incubation.    

 

S. No.    Sample    Zone of inhibition (mm)    

1    Methylene blue    2.6 mm    

2    Citric acid-based nanoparticles    3.2 mm    

3    Coffee-based nanoparticles    4.0 mm    

Table 5- Comparative antibacterial activity of test samples by zone of inhibition method 

 

     
29a : Methylene blue                           29b: Citric acid                               29c: Coffee 

 

Figure 29: Antibacterial activity comparison of hydrocarbon nanodots by the zone of inhibition method 

 

 
Graph 2: Comparative Evaluation of Antibacterial Activity Against Methylene Blue 

Result:  
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Among all tested samples, coffee-based 

nanoparticles exhibited the highest antibacterial 

activity with a zone of inhibition of 4.0 mm, 

followed by citric acid-based nanoparticles (3.2 

mm) and methylene blue (2.6 mm). This indicates 

enhanced antibacterial effectiveness of coffee-

derived nanodots against E. coli.   

Comparative Evaluation    

The prepared nanodot systems were compared 

based on pH, UV–Visible absorbance, diffusion 

behaviour, and antibacterial activity.   

  

Evaluation Parameter  Better Performing Sample  

pH stability    Coffee-based nanoparticles    

UV–Visible absorbance    Coffee-based nanoparticles    

Diffusion behaviour    Coffee-based nanoparticles    

Antibacterial activity    Coffee-based nanoparticles    

Table 6- Comparative evaluation results 

 

Particle Size Analysis:  

Particle size analysis was carried out to 

determine the average size of the synthesized 

hydrocarbon nanodots. The results indicated that the 

coffee-based hydrocarbon nanodots exhibited a 

smaller particle size compared with citric acid-

based hydrocarbon nanodots. The reduced particle 

size of coffee-derived nanodots may contribute to 

improved surface area and enhanced interaction 

with biological systems. The results confirm the 

successful synthesis of nanosized particles using 

both carbon precursors.  

 

S.NO  FORMULATION  PARTICLE SIZE 

(nm)  

PDI  OBSERVATION 

1  Coffee -Based Hydrocarbon 

Nanodots  

7.21  0.24  Uniform particle size 

distribution  

2  Citric Acid -Based 

Hydrocarbon Nanodots  

13.87  0.31  Moderate particle 

size distribution  

    Table 7- Comparative Particle Size Analysis Of Synthesized Hydrocarbon Nanodots  
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Graph 3:Comparitive Particle Size Distribution Of Synthetised Hydrocarbon Nanodots (DLS Analysis) 

 

Result: The particle size analysis showed that the 

coffee-based hydrocarbon nanoparticles had an 

average particle size of 7.21 nm, while the citric 

acid-based hydrocarbon nanoparticles exhibited an 

average particle size of 13.87 nm. The smaller 

particle size of the coffee-based formulation 

indicates better nanoscale dispersion. The PDI 

values suggested acceptable particle-size 

distribution, indicating satisfactory uniformity of 

the nanoparticle formulations.  

Replace the provisional PDI values with your actual 

measured values before final submission.  

 

 Scanning Electron Microscopy (SEM) and 

Transmission Electron Microscopy (TEM) 

Analysis:  

The acquired SEM and TEM images were analysed 

and compared to assess the morphological 

characteristics of coffee-based and citric acid-based 

hydrocarbon nanodots and to confirm successful 

nanoparticle synthesis.  

 

Sample  SEM/TEM  

Characterisation  

Particle Size (nm)  Observation  

Coffee-Based  

Hydrocarbon  

Nanodots  

SEM:  Spherical,   

Well-dispersed 

nanoparticles TEM: 

Spherical  nanoparticles 

SEM:7-10nm  

TEM:6-8nm  

Uniform spherical 

nanoparticles   

Citric Acid-Based  

Hydrocarbon   

Nanoparticles  

SEM: Spherical, slightly 

aggregated nanoparticles 

TEM: Spherical 

nanoparticles  

SEM:12-18nm  

TEM:12-15nm  

Spherical 

nanoparticles with a 

larger size and some 

aggregation  

Table 8: SEM/TEM Characterisation of Synthesised Hydrocarbon Nanodots 
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                            SEM Image                                                        TEM Image  

31a:Coffee-Based Hydrocarbon Nanoparticles  

 

 
 SEM Image                                                                  TEM Image  

31b:Citric Acid-Based Hydrocarbon Nanoparticles 

 

Figure 31-SEM and TEM Images of Coffee-Based and Citric Acid-Based Hydrocarbon Nanoparticles  

Confirming Spherical Nanoparticles at the Nanoscale  

 

Results: SEM micrographs revealed the formation 

of predominantly spherical hydrocarbon nanodots 

with uniform distribution throughout the sample 

matrix. The coffee-based hydrocarbon nanodots 

exhibited better dispersion and lower aggregation 

when compared with citric acid-based hydrocarbon 

nanodots. TEM analysis further confirmed the 

nanoscale dimensions and spherical morphology of 

the synthesised nanodots. Coffee-based 

hydrocarbon nanodots demonstrated an average 

particle size of approximately 7.21 nm, whereas 

citric acidbased hydrocarbon nanodots exhibited an 

average particle size of approximately 13.87 nm. 

The smaller particle size observed in coffee-derived 

nanodots suggests more efficient nanoparticle 

formation and increased surface area. The results 

obtained from SEM and TEM analyses were found 

to be consistent with the particle size analysis, 
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thereby confirming the successful synthesis of 

hydrocarbon nanodots with nanoscale dimensions 

suitable for antibacterial and diffusion-based 

applications.  

 

VII. DISCUSSION 
 

The present study was carried out to 

develop hydrocarbon nanodots through a green 

synthesis approach using natural carbon sources 

such as coffee extract and citric acid by microwave 

irradiation method and to evaluate their antibacterial 

potential. Green synthesis methods have gained 

importance due to their simple procedure, reduced 

environmental impact, cost effectiveness, and use of 

naturally available materials. In this study, coffee 

extract and citric acid were selected as carbon 

precursors for the preparation of hydrocarbon 

nanodots. The difference in precursor composition 

resulted in variation in physicochemical properties 

and biological activity of the synthesised nanodots. 

The prepared nanodot systems were evaluated for 

pH, UV–Visible absorbance, diffusion 

characteristics, and antibacterial activity.    

The pH evaluation revealed that coffee-

based hydrocarbon nanodots showed a pH value of 

6.60, while citric acid-based hydrocarbon nanodots 

showed a pH value of 5.58. The variation in pH 

values may be due to the presence of different 

surface functional groups generated during the 

carbonization process. The nearly neutral pH 

observed for coffeebased nanodots indicates better 

compatibility and stability of the prepared nanodot 

dispersion.    

UV–Visible spectroscopic analysis was 

performed to study the optical properties of 

synthesized nanodots.   

Coffee-based nanodots showed higher 

absorbance (1.07) compared with citric acid-based 

nanodots (0.65). The increased absorbance may be 

attributed to the presence of additional organic 

compounds and bioactive constituents present in 

coffee extract, which may contribute to surface 

modification and enhanced optical response of the 

synthesized nanodots.    

The diffusion study was carried out using 

Franz diffusion cell to evaluate the movement of 

synthesized nanodots through a semipermeable 

membrane. Coffee-derived nanodots demonstrated 

comparatively improved diffusion behaviour. This 

difference may be associated with the size 

distribution, surface chemistry, and functional 

groups present on the nanodot surface, which 

influence their transport properties. The 

antibacterial activity of synthesized hydrocarbon 

nanodots was evaluated against Escherichia coli 

using the agar diffusion method. The zone of 

inhibition obtained for methylene blue, citric acid 

nanodots, and coffee nanodots was found to be 2.6 

mm, 3.2 mm, and 4.0 mm respectively.  

The higher antibacterial activity of coffee-

based nanodots indicates better microbial inhibitory 

potential compared with citric acidbased nanodots.    

The enhanced antibacterial activity of 

synthesized nanodots may be related to their 

nanoscale structure, increased surface area, and 

interaction with bacterial cell components. The 

natural phytoconstituents present in coffee extract 

may also contribute to the improved activity by 

influencing microbial growth inhibition.    

Overall, the findings of the study indicate 

that the choice of carbon precursor significantly 

affects the properties and antibacterial efficiency of 

hydrocarbon nanodots. Among the prepared 

formulations, coffeederived hydrocarbon nanodots 

demonstrated superior performance with favourable 

pH, higher absorbance, improved diffusion 

characteristics, and maximum antibacterial activity.    

The study supports the potential 

application of green synthesized hydrocarbon 

nanodots as promising antibacterial nanomaterials 

and highlights the importance of natural precursors 

in developing effective and eco-friendly nano-based 

systems.    

 

VIII. SUMMARY 
The present research work was focused on 

the green synthesis of hydrocarbon nanodots using 

natural carbon precursors and evaluation of their 

antibacterial activity. The study was designed to 

develop an ecofriendly, simple, and efficient 

method for the preparation of carbon-based 

nanomaterials with potential biomedical 

applications.    

Nanotechnology-based materials have 

gained significant attention due to their unique 

physicochemical properties, high surface area, 

nanoscale size, and biological activities. Among 

various nanomaterials, carbon nanodots have 

emerged as promising candidates because of their 

excellent stability, surface functionalization ability, 

and compatibility with biological systems. The use 

of natural precursors for nanodot synthesis provides 

an economical and sustainable alternative to 

conventional chemical methods. In the present 

study, coffee extract and citric acid were selected as 

natural carbon sources for the synthesis of 

hydrocarbon nanodots. Coffee extract contains 
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various bioactive compounds such as polyphenols, 

caffeine, and organic constituents that can 

contribute to carbonization and surface modification 

of nanodots. Citric acid was selected as another 

precursor due to its ability to form carbon structures 

with oxygen-containing functional groups.    

The hydrocarbon nanodots were 

synthesized using the microwave irradiation 

method. This method provides rapid heating, 

uniform reaction conditions, reduced synthesis time, 

and an environmentally friendly approach for 

nanoparticle preparation. The prepared nanodot 

systems were purified and subjected to evaluation 

studies to determine their physicochemical 

properties and antibacterial potential.    

The synthesized nanodots were evaluated 

for physical characteristics, pH, UV–Visible 

absorbance, diffusion behaviour, and antibacterial 

activity. The pH analysis showed that coffee-based 

nanodots exhibited a pH value of 6.60, while citric 

acid-based nanodots showed a pH value of 5.58. 

The difference in pH values indicated variation in 

surface chemistry and functional groups generated 

during synthesis.    

UV–Visible spectroscopic analysis was 

performed to study the optical properties of 

synthesized nanodots. Coffee-based nanodots 

showed higher absorbance (1.07) compared with 

citric acid-based nanodots (0.65), indicating better 

optical response and possible influence of natural 

compounds present in coffee extract.  The diffusion 

study demonstrated that coffee-derived nanodots 

exhibited comparatively improved diffusion 

characteristics. The antibacterial activity was 

evaluated against Escherichia coli by agar diffusion 

method. The zone of inhibition results showed that 

coffee-based nanodots produced the highest 

antibacterial activity (4.0 mm), followed by citric 

acid-based nanodots (3.2 mm) and methylene blue 

(2.6 mm).    

The enhanced antibacterial activity of 

coffee-derived nanodots may be associated with 

their nanoscale properties, increased surface 

interaction, and the presence of naturally occurring 

bioactive compounds from coffee extract. The 

results indicate that precursor selection plays an 

important role in determining the final properties 

and biological performance of synthesized 

nanodots.    

Overall, the study successfully 

demonstrated the preparation of hydrocarbon 

nanodots through a green synthesis approach. 

Among the evaluated formulations, coffee-derived 

hydrocarbon nanodots showed better 

physicochemical characteristics and antibacterial 

activity compared with citric acid-derived nanodots.    

The findings support the potential use of 

green synthesized hydrocarbon nanodots as 

effective, economical, and environmentally friendly 

antibacterial nanomaterials for future applications in 

biomedical and pharmaceutical fields.    

 

IX. CONCLUSION 
The present research work successfully 

demonstrated the synthesis of hydrocarbon 

nanodots using a green and sustainable approach 

with natural carbon precursors such as coffee 

extract and citric acid through microwave 

irradiation method. The study was designed to 

explore the potential of naturally derived 

carbonbased nanomaterials as effective antibacterial 

agents.    

The green synthesis approach provided an 

efficient alternative to conventional nanoparticle 

preparation methods by utilizing easily available, 

economical, and environmentally friendly materials. 

Coffee extract and citric acid served as suitable 

carbon sources for nanodot formation, contributing 

different surface properties and functional groups 

that influenced the characteristics of the synthesized 

nanomaterials. The prepared hydrocarbon nanodots 

were evaluated through various physicochemical 

and biological evaluation parameters. The pH 

analysis showed that both synthesized nanodot 

systems possessed measurable stability, with coffee-

based nanodots exhibiting a pH value of 6.60 and 

citric acid-based nanodots showing a pH value of 

5.58. The variation in pH values indicated the 

influence of precursor composition and surface 

functional groups generated during the microwave-

assisted carbonization process. The UV–Visible 

spectroscopic evaluation confirmed the optical 

properties of the synthesized nanodots. Coffee-

based hydrocarbon nanodots demonstrated higher 

absorbance (1.07) compared with citric acidbased 

nanodots (0.65), suggesting better optical response 

and possible contribution of bioactive compounds 

present in coffee extract.    

The diffusion study showed that coffee-

derived hydrocarbon nanodots exhibited improved 

diffusion behaviour, indicating favourable 

movement and interaction characteristics of the 

synthesized nanodots. The antibacterial evaluation 

against Escherichia coli using agar diffusion method 

demonstrated that the synthesized nanodots 

possessed antimicrobial activity. Coffee-based 

nanodots showed the highest zone of inhibition (4.0 

mm), followed by citric acid-based nanodots (3.2 
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mm) and methylene blue (2.6 mm).  The enhanced 

antibacterial activity observed with coffee-derived 

nanodots may be attributed to their nanoscale 

structure, increased surface area, surface functional 

groups, and the presence of natural phytochemical 

constituents from coffee extract. These factors may 

contribute to improved interaction with bacterial 

cells and inhibition of microbial growth.    

Based on the obtained findings, coffee-

derived hydrocarbon nanodots exhibited superior 

performance compared with citric acid-derived 

nanodots in terms of physicochemical properties 

and antibacterial effectiveness. The study highlights 

the significant role of precursor selection in 

controlling the properties and biological activity of 

green synthesized nanomaterials.    

Therefore, the developed hydrocarbon 

nanodots represent a promising eco-friendly and 

cost-effective antibacterial nanomaterial system. 

The present work provides a foundation for further 

investigation and optimization of naturally 

synthesized nanodots for potential pharmaceutical, 

biomedical, and antimicrobial applications.    
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