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Introduction
Gold nanoparticles (AuNPs) have gained significant attention 
due to their unique optical, electronic, and chemical properties. 
These characteristics are highly influenced by surface 
modifications, which are in turn determined by the synthesis 
method and capping agents used. FTIR spectroscopy is a powerful 
technique for analyzing the surface chemistry of nanoparticles, 
providing insights into the nature of the functional groups 
present. This study aims to compare the FTIR spectra of two 

differently synthesized AuNP samples to evaluate their surface 
functionalities and potential implications for their application.

Antimicrobial resistance (AMR) is currently one of the biggest 
threats to global health and food security, according to the World 
Health Organization (WHO) [1]. A study from data reported by 
87 countries in 2020 revealed high AMR levels, which cause 
potentially fatal sepsis, as well as growing resistance to treatment 
in various bacteria that cause common infections among the 
population [2]. Therefore, there is an urgent need to find new, 
more effective antibiotics to counteract these resistances. 
However, clinical development of new antimicrobials is very 
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ABSTRACT
Introduction: The Gold nanoparticles obtained from different nano particles production company namely Shree Dhootpapeshwar Limited 
and Nanoshel company based in United Kingdom are of their unique properties. In this study we are going to analyze the invitro properties 
of these gold nanoparticles for their hypothesized properties of immune nutrition.

Objectives: To study the immune modulation properties of gold nanoparticles. To analyze the nutritional composition of gold nanoparticles.

Methodology: The Fourier Transform Infrared Spectrometry was used for the analysis of gold nanoparticles from two sources in the 
Centre for Nano Science and Engineering (CeNSE), Indian Institution of Science, Bengaluru.

Results: The Gold nanoparticles I (AuNPs-I) and gold nanoparticles II(AuNPs-II) showed wavelength of 3435.67/cm and 3435.98/cm 
respectively.

Discussion and Conclusion: FTIR- Fourier Transform Infrared spectrophotometer works in the mid- infrared light to measure the light 
absorption in 400-4000/cm 92.5-25micrometer to identify and measure the quantity of different materials. The comparative FTIR analysis 
demonstrated clear differences in the surface functional groups of two gold nanoparticle samples synthesized by different methods. These 
differences underscore the importance of synthesis conditions in determining the surface chemistry and potential functionality of AuNPs. 
Such insights are essential for guiding the design of nanoparticles for targeted applications in fields such as biomedicine, catalysis, and 
sensing.
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limited. In 2019, thirty-two antibiotics were in the development 
phase, and only six were classified as innovators [3]. This 
problem affects countries at all levels of development. Due 
to the complexity and breadth of the AMR problem, a unified 
multisectoral view is required, using the “one health” approach, 
to establish communication ties and collaborate in the project and 
implementation of programs, policies, legislation, and research 
to achieve better public health outcomes [4]. Understanding 
of the different mechanisms of antimicrobial resistance is very 
impor tant for th creation of new alternatives to counteract it. 
Some examples of these resistance mechanisms are avoiding 
the accumulation of antibiotics, the modification of the target 
molecules, and the enzymatic inactivation of antibiotics. The first 
type of mechanism can reduce the absorption of these molecules 
by modifying the outer bacterial membrane (losing or modifying 
the porins to prevent antibiotic access), increasing their 
discharge through the pumps, or both. Hydrophobic antibiotics, 
such as quinolones and macrolides, pass through the lipid 
bilayer, whereas hydrophilic antibiotics, such as beta-lactams, 
pass through porins [5,6]. This may be an innate characteristic 
of an organism or may be produced by a mutation or acquisition 
of exogenous resistance genes [7]. One antibiotic that covers a 
broad spectrum of antimicrobial activity is amoxicillin (AMOX), 
whose use dates from the 1970s. This semisynthetic penicillin 
is the most widely used in the world, either alone or combined 
with clavulanic acid [8]. According to the American Society 
of Health-System Pharmacists, AMOX prevents bacterial 
growth. It is used in the treatment of bacterial infections such 
as pneumonia and bronchitis, and ear, nose, throat, urinary tract, 
and skin infections. AMOX binds to penicillin-binding protein 
(PBP) 1A, an enzyme that is essential for the synthesis of the 
bacterial cell wall. The-lactam ring of amoxicillin modifies 
the carbon terminus of the PBP 1A transpeptidase. It forms an 
irreversible union that prevents the enzyme from carrying out 
its function of synthesizing peptidoglycan, which makes up 
the bacterial wall. This will ultimately result in an alteration 
of the membrane and an increase in its permeability, leading 
to cell lysis and death [8]. AMOX has a hydroxyl group that 
makes it more soluble in lipids, and therefore gives it greater 
bioavailability, duration of action, and bactericidal activity. 
AMOX is normally administered orally, and it is usually 
rapidly absorbed, presenting greater bioavailability. Adverse 
effects must also be considered. In this sense, AMOX presents 
some toxicity, sometimes causing lesions in the bile ducts, as 
well as hypersensitivity reactions [9,10]. The resistant bacteria 
used in this work are Escherichia coli (E. coli), Streptococcus 
pneumoniae (S. pneumoniae) and Staphylococcus aureus (S. 
aureus). E. coli is a Gram-negative bacterium that is classified 
as a member of the Enterobacteriaceae family. E. coli includes 
not only commensal but also pathogenic strains that cause a 
variety of human diseases, resulting in millions of deaths each 
year due to virulence factors and pathogenicity mechanisms that 
cause gastrointestinal diseases like diarrhea ; other strains can 
cause haemolytic uraemic syndrome and hemorrhagic colitis, 
leading to acute renal failure, which can cause death. E [11]. 
coli also has a large environmental impact on water quality and 
public health [12]. S. aureus, a Gram-positive microorganism, 
can survive in very adverse conditions, easily colonizing the skin 
and therefore penetrating tissues. The most frequent pathologies 
of S. aureus are infections of the skin and soft tissues, otitis, 

osteomyelitis, arthritis, pneumonia, and sepsis, generating the 
majority of nosocomial diseases [13]. S. pneumoniae is a Gram-
positive bacterial pathogen that may asymptomatically colonize 
the upper respiratory tract and can cause infections including 
conjunctivitis, otitis media, lower respiratory tract infections, 
bacteremia, and meningitis [14,15]. The mechanisms of antibiotic 
resistance of S. pneumoniae include the evolution of resistance 
patterns and mechanisms for beta-lactam antibiotics, among others 
[16,17]. Knowledge of the different mechanisms of resistance to 
antimicrobials is essential to be able to propose new strategies 
that solve the problem of resistance to antibiotics. Among the 
different mechanisms studied are those based on the production 
of enzymes that are inactivating; there are also those based on 
modifications of the therapeutic target, and others that act by 
decreasing the intracellular concentration of the antibiotic [18]. 
The mechanisms of intracellular antibiotic reduction may be due 
to a mechanism based on efflux pumps that expel the antibiotic, 
or a mechanism that modifies the external bacterial membrane, 
so that the bacteria lose or modify porins, thereby preventing the 
entry of the antibiotic [19]. An example of these are beta-lactams, 
hydrophilic antibiotics that cross porins, or the use of vehicles 
made up of gold nanoparticles (AuNPs) that can interact with the 
exterior of the microorganism, destabilizing its exterior [20,21]. 

Nanoparticles have numerous biological, biomedical, 
pharmaceutical, and nutritional applications [22]. Materials 
at the nanoscale (1–100 nm) display unique physicochemical 
properties, and their small size allows them to penetrate 
bacterial membranes (>1 m). Some studies also show that 
metal nanoparticles have antimicrobial activity in themselves, 
especially metal nanoparticles, with the advantage that 
microorganisms are not able to create resistance to such materials. 
Nano systems are based on the idea of the Trojan horse, and have 
been highly successful in the pharmaceutical industry because 
they exhibit stable drug loading, expanded pharmacokinetics, 
reduced off-target side effects, and improved efficiency of 
drug delivery through their ability to penetrate blood–brain 
barriers or plasma membranes [23,24]. In recent years, there has 
been increasing interest in the development of optimal metal-
base nanoparticles (MBNPs) and their usage synergy with 
antibiotics for combating antibiotic-resistant bacteria [25]. In 
this context, MBNPs–antibiotic/biopolymer biomaterials have 
been demonstrated to be crucial due for the potential synergistic 
functionalities of these kinds of complexes, which are different 
from those presented in their individual counterparts. Forming 
part of these nanocomplexes, distinct oxides like TiO, ZnO, and 
the nanometallic Ag, among others, are specifically found in the 
bibliography [26-33]. Metallic nanomaterials affect the bacterial 
cell membrane, and they can release antibacterial metal ions, 
generate reactive oxygen species, inhibit enzymatic activity and 
DNA synthesis, and interrupt energy transmission [34]. However, 
the principal mechanism of action of MBNPs includes the 
production of oxidative stress, interaction with cell membrane, 
or the release of ions [25]. This occurs n such a way that these 
new nanomaterials not only improve the sustained release of the 
antibiotic, but also enhance the antibacterial effect of the drug in 
comparison with the conventional usage of the free antibiotic. 
For instance, Ag-based nano systems can act through multiple 
mechanisms, depending on the specific nano formulation. Thus, 
they can act by generating oxidative stress, interacting with 
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the cellular membrane without damaging the outer membrane, 
thereby contributing to the release of ions and preventing DNA 
replication, or acting as enzyme inhibitors, such is the diversity 
of the mechanisms studied to date. In contrast, the mechanism 
of action of Au-based nano systems has been less explored, and 
the majority of the studies in the bibliography indicate that the 
mechanism of the cations of this kind of metal nanoparticle is 
fundamentally based on oxidative stress oxidation [31-35]. 
However, AuNPs offer certain advantages over other metallic 
nanoparticles. As is known, AuNPs improve nano system 
biocompatibility and protect against enzymatic degradation 
exerted on biomolecules like DNA or ribonucleic acid (RNA) 
[36]. Thus, the combined use of AuNPs and the DNA biopolymer 
contributes to overcoming problems related to biocompatibility. 
Moreover, the small size of the synthesized nano formulations 
makes them capable of diffusing effectively through the bacterial 
cell wall, thus improving internalization and interaction with the 
bacteria, as has been demonstrated in previous works [37,38]. 
Therefore, the main objective of this work is to obtain stable 
and biocompatible AuNPs for evaluating their synergistic 
antibacterial effects caused by both the precursors. 16-mph-16 
is a biocompatible and biodegradable Gemini surfactant with a 
benzene spacer that shows great antibacterial properties against 
distinct bacteria and microscopic fungi. For instance, the MIC 
values of the analogous 16-Ph-16 against E. coli and S. aureus 
bacteria were found to be 0.3906 and 1.5625 mM, respectively 
[39]. Moreover, this type of surfactant has proven to be very 
efficient in DNA compaction, inter acting strongly with DNA 
via partial intercalation [40]. Thus, the combination of both the 
antimicrobial properties of 16-mph-16-covered AuNPs and a 
DNA-AMOX complex in a unique nano system result in a nano 
formulation that acts quickly, favoring microbial death with 
a small amount of antibiotic, thereby combating resistance to 
antibiotics in addition to avoiding the secondary side effects 
derived from the administration of high doses of antibiotics.

Objectives
To study the immune modulation properties of gold nanoparticles.
To analyze the nutritional composition of gold nanoparticles.

Methodology
The Fourier Transform Infrared Spectrometry was used for the 
analysis of gold nanoparticles from two sources in the Centre for 
Nano Science and Engineering (CeNSE), Indian Institution of 
Science, Bengaluru.

Two samples of AuNPs, labeled AuNPs_1_1 and AuNPs_2_1, 
were obtained from the pharmacy. The nanoparticles were 
washed and dried before FTIR analysis. FTIR spectra were 
recorded in the range of 4000 to 400 cm\u207b\u00b9 using a 
standard ATR-FTIR spectrometer. Spectral data were processed 
and analyzed to identify key vibrational bands.

Results and Discussion
The FTIR analysis confirms the successful functionalization 
of AuNPs with biomolecules, as evident from the presence 
of hydroxyl, carbonyl, and amide functional groups. These 
functional moieties play a crucial role in the reduction of Au³⁺ 
to Au⁰ and the stabilization of nanoparticles in colloidal form.

FTIR Interpretation and Discussion
FTIR spectroscopy was employed to analyze the surface chemistry 
and functional groups involved in the reduction and stabilization 
of synthesized gold nanoparticles (AuNPs). The FTIR spectra of 
both samples revealed several characteristic absorption bands 
corresponding to organic functional groups, suggesting the presence 
of bioactive molecules acting as capping and stabilizing agents.

Key Peaks and Assignments:
•	 ~3400–3200 cm⁻¹ (broad): A prominent peak in this region 

corresponds to O–H stretching vibrations of hydroxyl 
groups, commonly present in polyphenols, alcohols, or 
water molecules associated with biomolecules. It may also 
indicate N–H stretching from amines or proteins, suggesting 
the involvement of natural reducing agents.

•	 ~2920–2850 cm⁻¹: These peaks are typically attributed to 
the C–H stretching vibrations of aliphatic –CH₂ and –CH₃ 
groups, indicating the presence of long-chain hydrocarbons 
or lipids on the nanoparticle surface.

•	 ~1650 cm⁻¹: A sharp peak here indicates C=O (carbonyl) 
stretching vibrations, which may originate from amide I 
bands of proteins or other carbonyl-containing compounds. 
This confirms the interaction of carbonyl-rich biomolecules 
in the reduction or capping process.

•	 ~1540 cm⁻¹: This band corresponds to N–H bending (amide 
II band), commonly found in proteins or amino compounds, 
suggesting the stabilization of nanoparticles via protein 
adsorption.

•	 ~1400–1380 cm⁻¹: The observed peak in this region is 
associated with C–N stretching or symmetric bending of 
CH₃ groups, supporting the presence of amino acid residues 
or other organic moieties.

•	 ~1050–1000 cm⁻¹: This peak represents C–O stretching 
vibrations found in alcohols, ethers, or polysaccharides, 
indicating that carbohydrate components or flavonoids may 
be involved in capping the AuNPs. (Figure 1)

Figure 1: FTRI Analysis of Sample AuNPs_2_1
FTIR Spectrum Interpretation – AuNPs_2_1

The FTIR spectrum of the synthesized gold nanoparticles 
(AuNPs_2_1) exhibits distinct peaks that indicate the presence 
of various functional groups, suggesting successful surface 
modification or capping of the AuNPs:
•	 The broad peak at 3435.97 cm⁻¹ corresponds to O–H 

stretching, indicating the presence of hydroxyl groups, 
likely from polyols, alcohols, or water molecules associated 
with the capping/stabilizing agent.

•	 Peaks at 2919.79 and 2851.16 cm⁻¹ suggest C–H stretching 
vibrations, indicative of aliphatic chains commonly found 
in organic stabilizers such as citrate, PEG, or plant-derived 
extracts.
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•	 The peak at 1631.13 cm⁻¹ could arise from C=O (amide 
I) or C=C (aromatic) stretching, implying the presence of 
proteins or phenolic compounds, especially if biosynthesis 
was employed.

•	 The region between 1465 and 1052 cm⁻¹ includes various 
bending and stretching modes for CH₂, C–N, and C–O, 
further supporting the presence of organic molecules 
involved in nanoparticle stabilization.

•	 The sharp peaks at lower wavenumbers (787.96 and 604.01 
cm⁻¹) may correspond to aromatic C–H bending and metal–
ligand interactions, particularly Au–O or Au–N bonds, 
confirming the binding of organic molecules to the gold 
nanoparticle surface. (Table 1)

Table 1: FTRI Analysis of Sample AuNPs_2_1
Peak Position 

(cm⁻¹) Possible Functional Group/Assignment

3435.97 O–H stretching (broad) – likely alcohol 
or phenol groups (possibly from capping 
agents or water)

2919.79 C–H stretching – aliphatic hydrocarbons
2851.16 C–H symmetric stretching – CH₂/CH₃ 

groups
2065.94 Possibly –C≡C– or –N=C=S stretch (rare, 

may be artifact or reagent trace)
1631.13 C=C or C=O stretching – typical of 

aromatic rings or amide carbonyls
1465.06 CH₂ bending or scissoring – alkanes or alkyl 

chains
1384.71 C–H bending – methyl groups
1161.68 C–O–C or C–N stretching – esters or amines 

(stabilizers)
1112.74 C–O stretching – ethers or alcohol groups
1052.19 C–O stretching – primary alcohols or esters
787.96 Aromatic C–H bending – possibly phenyl 

ring substitution
604.01 Metal–O or Au–O stretching – indicates 

gold-ligand interaction

Figure 2: FTRI Analysis of Sample AuNPs_1_1

The FTIR analysis of the synthesized gold nanoparticles 
(AuNPs_1_1) provides significant insight into the functional 
groups involved in the reduction and stabilization processes. 
The broad absorption peak at 3435.98 cm⁻¹ is attributed to O–H 
stretching vibrations, indicating the presence of hydroxyl groups. 
This suggests the involvement of polyphenols or other hydroxyl-
containing compounds, likely originating from plant extracts or 
water molecules adsorbed on the nanoparticle surface.

Table 2: FTRI analysis of sample AuNPs_2_1

Wavenumber 
(cm⁻¹)

Possible 
Functional Group 

/ Vibration
Interpretation

3435.98 O–H stretching 
(broad)

Presence of hydroxyl 
groups; possibly from 
alcohols or phenols, 
or water molecules 
adsorbed on the 
surface.

2920.80 & 
2851.15

C–H stretching 
(alkanes)

Indicates –CH₂ or 
–CH₃ groups from 
capping agents like 
citrate or plant extracts.

2060.66 –N=C=S or other 
isocyanide type 
stretching

May suggest the 
presence of certain 
functional groups from 
stabilizers or organic 
molecules.

1631.33 C=O stretching 
(amide I or 
conjugated 
ketones)

Possible amide group 
(from proteins or 
capping agents like 
peptides) or C=C 
stretching.

1472.9 & 
1405.77

C–H bending / 
COO⁻ symmetric 
stretching

Presence of 
carboxylate groups 
–COO⁻, indicating 
citrate or other capping 
agents.

1115.06 C–O stretching 
(alcohols, ethers)

Suggests 
polysaccharides or 
other stabilizers.

670.49 & 
602.47

Metal–oxygen 
or out-of-plane 
bending

May indicate metal–
ligand interactions or 
Au–O type bonds.

The peaks observed at 2920.80 cm⁻¹ and 2851.15 cm⁻¹ 
correspond to asymmetric and symmetric C–H stretching 
vibrations of methylene (–CH₂) groups, which are characteristic 
of aliphatic chains. These signals imply the presence of organic 
stabilizing agents, possibly from capping materials like citrate 
ions or plant-derived compounds.

A weak absorption band at 2060.66 cm⁻¹ may be assigned to 
isocyanide or related functional groups, indicating the presence 
of trace organic residues involved in nanoparticle stabilization 
or formation.

A prominent peak at 1631.33 cm⁻¹ is associated with C=O 
stretching vibrations, suggesting the presence of amide or 
conjugated carbonyl groups. This could indicate the involvement 
of proteinaceous molecules or other biomolecules in the capping 
process. The adjacent bands at 1472.9 cm⁻¹ and 1405.77 cm⁻¹ 
are likely due to C–H bending and symmetric stretching of 
carboxylate (–COO⁻) groups, further supporting the presence of 
citrate or similar carboxyl-containing capping agents.
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The strong absorption at 1115.06 cm⁻¹ is assigned to C–O 
stretching vibrations, indicative of alcohols or ethers, possibly 
from polysaccharides or plant-derived biomolecules used during 
the synthesis. Peaks at lower wavenumbers, such as 670.49 cm⁻¹ 
and 602.47 cm⁻¹, may correspond to metal–oxygen interactions 
or Au–O vibrations, suggesting successful binding of functional 
groups to the gold nanoparticle surface. (Figure 2) (Table 2).

Overall, the FTIR spectrum confirms the successful reduction 
and stabilization of gold nanoparticles using biologically 
derived compounds. The presence of hydroxyl, carboxyl, and 
carbonyl functional groups suggests that phytochemicals or 
other biomolecules not only facilitated the reduction of Au³⁺ ions 
to Au⁰ but also acted as efficient capping agents, enhancing the 
stability of the synthesized nanoparticles.
•	 The FTIR spectrum confirms the presence of functional 

groups associated with capping and stabilizing agents used 
in the synthesis of gold nanoparticles.

•	 Strong O–H, C=O, and C–O peaks point to organic 
biomolecules or plant extract residues.

•	 The C–H and COO⁻ peaks suggest stabilizers like citrate or 
natural reducing agents were involved.

Low wavenumber peaks (~600 cm⁻¹) may be attributed to Au–O 
interactions or metal–ligand bonding, suggesting successful 
nanoparticle formation and stabilization.

Fourier-transform infrared spectroscopy (FTIR) was employed 
to analyze the functional groups present on the surface of two 
synthesized gold nanoparticle (AuNP) samples, AuNPs_1_1 
and AuNPs_2_1. The FTIR spectra of both samples (Figures 
1 and 2) revealed multiple characteristic absorption bands 
corresponding to various organic functional groups, indicating 
successful surface modification or capping of the nanoparticles.

FTIR Spectral Analysis
Both samples exhibited a broad absorption peak around 3435 
cm⁻¹, attributed to O–H stretching vibrations. This indicates the 
presence of hydroxyl groups, possibly from water, alcohols, or 
phenolic compounds used as stabilizing agents.

Peaks in the region of 2919–2851 cm⁻¹, observed in both spectra, 
correspond to C–H stretching vibrations of aliphatic –CH₂ and 
–CH₃ groups. These are indicative of the presence of long-chain 
organic molecules, such as those found in surfactants, reducing 
agents (e.g., plant extracts), or capping agents (e.g., citrate or 
polyethylene glycol).

Both samples also displayed a strong peak around 1631 cm⁻¹, 
attributed to either C=C stretching in aromatic rings or C=O 
stretching in amide groups (amide I band), suggesting the 
involvement of organic ligands such as proteins or polyphenolic 
compounds in the stabilization of AuNPs.

Notably, AuNPs_2_1 displayed additional peaks at 1384.71, 
1161.68, 1112.74, 1052.19, and 787.96 cm⁻¹, which were either 
absent or less prominent in AuNPs_1_1. These peaks indicate the 
presence of C–N stretching (amines), C–O stretching (ethers 
or esters), and aromatic ring vibrations, suggesting a more 
complex capping composition in AuNPs_2_1. The presence 

of these functional groups may imply improved stability or 
functional versatility.

Conversely, AuNPs_1_1 showed fewer distinct peaks in the 
fingerprint region (1500–500 cm⁻¹), with only moderate signals 
at 1405.77, 1115.06, 670.49, and 602.47 cm⁻¹, reflecting a 
comparatively simpler surface chemistry. (Figure 3)

Figure 3: FTIR Spectral Analysis of Both Samples

Table 3: FTIR Spectral Analysis of Both Samples.
Functional 

Group 
Region

AuNPs_1_1 AuNPs_2_1 Interpretation

O–H Stretch 
(3435 cm⁻¹)

Present Present Surface 
hydroxyls 
or absorbed 
moisture

C–H Stretch 
(2919–
2851)

Present Present Aliphatic chains 
(capping agents)

C=O / C=C 
Stretch 
(1631)

Present Present Amide I / 
aromatic ring

C–O / C–N 
(1100–1300)

Moderate Strong, 
multiple 
peaks

Rich organic 
matrix in 
AuNPs_2_1

Au–O / 
Aromatic 
bends

670–602 
cm⁻¹

787–604 
cm⁻¹

Slight 
differences in 
metal–ligand 
interactions

FTIR (Fourier Transform Infrared Spectroscopy) comparison 
graph of two gold nanoparticle (AuNP) samples: AuNPs_1_1 
(green) and AuNPs_2_1 (red). The x-axis represents 
wavenumbers (cm⁻¹), which correspond to the frequency 
of infrared light absorbed, and the y-axis represents % 
Transmittance (%T), indicating how much light passes through 
the sample. (Figure 3)

1.	 Broad Peak Around 3400 cm⁻¹:
•	 AuNPs_1_1 (green): 3435.67, 3435.98 cm⁻¹
•	 AuNPs_2_1 (red): Absent
•	 Interpretation: This broad peak is typically due to O–H 

stretching (hydroxyl groups), suggesting the presence of 
alcohols or water in AuNPs_1_1, but not in AuNPs_2_1.

2.	 Peaks Around 2900 cm⁻¹ (C–H stretching):
•	 Both samples show peaks around 2851–2920 cm⁻¹
•	 Interpretation: Common for aliphatic C–H bonds, indicating 

organic stabilizing agents in both samples.
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3.	 Peak at ~2060 cm⁻¹:
•	 Present in both samples
•	 Could relate to C≡C (alkyne) or N=C=O (isocyanate) 

groups.
4.	 Peaks Around 1631 cm⁻¹:
•	 Present in both samples.
•	 Interpretation: C=C stretching or amide I band (in proteins), 

indicating possible protein or biomolecule capping.
5.	 Peaks in Fingerprint Region (1400–500 cm⁻¹):
•	 AuNPs_1_1 shows more distinct peaks (e.g., 1384.71, 

1161.68, 1052.19, 787.96 cm⁻¹)
•	 AuNPs_2_1 has peaks like 1115.06, 682.47 cm⁻¹
•	 Interpretation: These differences suggest variation in 

surface functionalization or capping agents between the two 
samples.

•	 AuNPs_1_1 shows strong hydroxyl group presence, 
indicating either moisture content or hydroxyl-rich capping 
agents.

•	 AuNPs_2_1 lacks this OH stretch but still shows common 
organic and protein-related functional groups.

•	 Differences in the fingerprint region suggest distinct surface 
chemistry, which could result from using different reducing 
or capping agents in synthesis. (Table 3)

Conclusion
The FTIR spectra of two synthesized gold nanoparticle samples, 
AuNPs_1_1 and AuNPs_2_1, were analyzed to evaluate the 
differences in surface functional groups, which indicate variation 
in synthesis conditions or capping agents used.

A prominent broad peak around 3435 cm⁻¹ was observed 
exclusively in AuNPs_1_1, corresponding to O–H stretching 
vibrations. This suggests the presence of hydroxyl-containing 
compounds, such as alcohols or adsorbed water molecules, 
which may indicate either incomplete drying or the use of a 
polyhydroxylated capping agent (e.g., plant extract or polyol). 
In contrast, the absence of this peak in AuNPs_2_1 suggests 
a relatively lower presence of free hydroxyl groups or more 
complete drying.

Both spectra displayed C–H stretching vibrations in the 2851–
2921 cm⁻¹ range, indicating the presence of aliphatic hydrocarbon 
chains. These peaks are typically associated with organic molecules, 
suggesting that both samples were capped or stabilized with organic 
agents, possibly surfactants or natural polymers.

A notable absorption near 2060 cm⁻¹ in both spectra may 
correspond to N=C=O stretching (isocyanate groups) or 
possibly C≡C stretching (alkyne groups), although further 
confirmation is required. Its presence in both samples indicates a 
common feature or residual reagent used during synthesis.

Both samples also exhibited a peak at 1631 cm⁻¹, which could 
be attributed to C=C stretching in alkenes or amide I bands, 
indicative of proteinaceous material. This suggests the possible 
involvement of amino acid or protein-based reducing/stabilizing 
agents, especially if biosynthetic methods were employed.
Significant variations were observed in the fingerprint region 
(1500–500 cm⁻¹), with AuNPs_1_1 showing more complex and 
intense peaks (e.g., 1384.71, 1161.68, 1052.19, 787.96 cm⁻¹) 
compared to AuNPs_2_1 (e.g., 1115.06, 682.47 cm⁻¹). These 

differences suggest that different functional groups are bound 
to the nanoparticle surfaces, likely due to different synthesis 
precursors or capping agents.

Overall, the FTIR analysis confirms that both samples are 
coated with organic molecules but differ in specific surface 
functionalities. These variations could influence the colloidal 
stability, biological compatibility, and reactivity of the 
nanoparticles and should be considered when selecting the 
appropriate synthesis method for targeted applications.

Fourier Transform Infrared Spectroscopy (FTIR) was 
employed to investigate the surface functional groups present 
in two synthesized gold nanoparticle samples, designated 
as AuNPs_1_1 and AuNPs_2_1. The comparative analysis 
revealed significant differences in the vibrational profiles of the 
two samples, indicative of variations in the capping agents or 
synthesis conditions employed.

A broad absorption band centered at 3435 cm⁻¹ was observed 
prominently in the spectrum of AuNPs_1_1 but was absent in 
AuNPs_2_1. This band corresponds to the O–H stretching 
vibration, typically associated with hydroxyl groups from 
alcohols or adsorbed water molecules. The presence of this 
peak suggests that AuNPs_1_1 may have been synthesized 
using a polyhydroxylated compound, such as a plant extract 
or polyol, acting as both reducing and stabilizing agent. The 
absence of this band in AuNPs_2_1 implies a difference in the 
surface chemistry, possibly due to the use of less polar or more 
hydrophobic capping agents.

Both samples exhibited characteristic C–H stretching vibrations 
in the region of 2851–2921 cm⁻¹, consistent with the presence 
of aliphatic hydrocarbon chains. These signals are indicative of 
organic molecules, possibly surfactants, thiols, or polymers, that 
are bound to the nanoparticle surface and contribute to colloidal 
stability.

An absorption peak observed at approximately 2060 cm⁻¹ in 
both spectra may be attributed to isocyanate (–N=C=O) or 
alkyne (–C≡C–) functional groups. While less commonly 
reported in gold nanoparticle systems, the presence of this band 
in both samples could indicate a shared synthetic reagent or 
intermediate compound with these functional moieties.

Notably, both samples exhibited a peak at 1631 cm⁻¹, assignable 
to C=C stretching in alkenes or possibly to the amide I 
band of proteins, which typically arises from C=O stretching 
vibrations in peptide bonds. This suggests that proteinaceous or 
amino acid-containing materials may have been involved in the 
synthesis process, particularly if biosynthetic or green synthesis 
approaches were utilized.

The fingerprint region (1500–500 cm⁻¹) showed clear 
distinctions between the two samples. AuNPs_1_1 displayed 
multiple well-defined peaks, including at 1384.71, 1161.68, 
1052.19, and 787.96 cm⁻¹, whereas AuNPs_2_1 exhibited peaks 
at 1115.06, 682.47, and 570.49 cm⁻¹. These differences strongly 
indicate variation in surface-bound functional groups, which 
could arise from different capping agents or reducing agents used 
during synthesis. Such molecular differences can significantly 
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affect the nanoparticles’ surface reactivity, dispersion behavior, 
and interaction with biological systems.

In summary, FTIR spectral analysis reveals distinct surface 
chemical signatures for AuNPs_1_1 and AuNPs_2_1. These 
findings underscore the impact of synthesis conditions on the 
chemical composition of the nanoparticle surface, which in turn 
may influence their functional properties, including stability, 
biocompatibility, and potential application in biomedical or 
catalytic systems.
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