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Abstract:

This study investigates the synthesis, characterization, and antibacterial evaluation of carbon
nanotube (CNT) composites, with a focus on urea- and diamide-functionalized nanotubes. Amide
nanotubes were synthesized through the self-assembly of amphiphilic molecules via hydrogen
bonding, although scalability remains a challenge due to aggregation tendencies. Composites were
prepared using varying weight ratios of urea or diamide with CNTs, and characterized using FTIR,
XRD, SEM, and fluorescence microscopy to determine their structural and morphological
properties. Antibacterial activity was assessed against Staphylococcus aureus and Escherichia coli
using disk diffusion assays at concentrations of 50%, 75%, and 100% (w/v). Both composites, S1
(urea-CNT) and S2 (diamide-CNT), exhibited dose-dependent antibacterial effects, with S2
consistently showing larger inhibition zones than S1. The superior performance of S2 suggests
enhanced antibacterial efficacy due to the diamide modification. These findings highlight the
potential of amide-functionalized CNTs as effective antibacterial agents and support further

development toward biomedical applications.
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Graphical Abstract

1. Introduction

Carbon nanotubes (CNTs) are considered one of the most promising nanomaterials due to their
exceptional mechanical strength, high surface area, electrical conductivity, and chemical stability,
making them suitable for a wide range of applications, including in nanomedicine and
antimicrobial therapies [1,2]. However, pristine CNTs often exhibit limited solubility and
biocompatibility, their biological properties are being studied in terms of toxicity [3].
Functionalization of CNTs, particularly through covalent and non-covalent modifications, is a
widely employed strategy to overcome these limitations and improve their dispersion, stability,
and targeted activity [3]. Among various functionalization approaches, amide-based modifications
have attracted significant attention due to the strong hydrogen bonding capabilities and structural
compatibility with biological molecules [4]. Amide linkages can be introduced onto the surface of
CNTs through reactions with carboxyl or amine groups, allowing for the design of nanotube-based

composites with improved bio-interactions and antibacterial activity [5].

The growing threat of bacterial resistance has intensified the search for novel antimicrobial
materials with enhanced efficacy and biocompatibility [6]. Among the various nanomaterials
explored, carbon nanotubes (CNTs) have garnered significant attention due to their unique
structural, electrical, and mechanical properties, as well as their potential for functional

modification [7, 8]. Surface engineering of CNTs with bioactive molecules can significantly
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improve their interaction with microbial cells, thereby enhancing their antibacterial capabilities
[8]. Amide-based functionalization, particularly with urea and diamide groups, offers a promising
strategy for modifying CNTs through hydrogen bonding and self-assembly mechanisms, leading
to well-defined nanotubular structures [9]. However, challenges such as aggregation and limited
scalability remain barriers to their widespread application. These functionalized CNTs can interact
with bacterial cell membranes, potentially leading to membrane disruption, oxidative stress, and
cell death, especially in pathogenic bacteria such as Staphylococcus aureus and Escherichia coli
[10]. Modifying the physicochemical properties of carbon nanotubes (CNTs) has been shown to
significantly influence their cytotoxic effects in bacterial systems [11]. These findings highlight
the importance of accurately documenting both physical and chemical characteristics when
assessing the toxicity of carbon-based nanomaterials [12]. Studies have revealed that all CNT
variants exhibit notable antimicrobial activity, although they differ in their capacity to induce
oxidative stress and reduce colony-forming units across various microbial species [13]. Several
parameters affect the antibacterial efficacy of CNTs, including their size (diameter and length),
degree of aggregation, surface functionality, concentration, buffer environment, exposure time and

intensity, and the specific bacterial strain involved [14].

Furthermore, nanocomposites such as reduced graphene oxide—silver nanoparticles (rGO-nAg)
have demonstrated antibacterial effectiveness comparable to the systemic antibiotic nitrofurantoin
against Proteus mirabilis and Staphylococcus aureus, and notably greater activity against
Escherichia coli. The rGO-nAg nanocomposite exhibited faster bacterial inhibition than
nitrofurantoin, likely due to the combined effects of membrane disruption through direct contact
and oxidative stress. This finding contributes to a deeper understanding of the antibacterial
mechanisms of rGO-nAg and can guide the development of graphene-based antimicrobial

materials [15].

In another study, monodispersed, water-soluble, fluorescent carbon nanoparticles (CNPs) were
synthesized from glucose via a one-step ultrasonic treatment with acid or alkali assistance. These

CNPs featured surfaces enriched with hydroxyl groups, enhancing their hydrophilic nature [16].

The antibacterial performance of TiO,/poly(lactic-co-glycolic acid) (TiO,/PLGA) composites was
evaluated against S. aureus and E. coli. In vitro wound healing studies using human keratinocytes

(HaCaTs), fibroblasts (L929s), and bovine endothelial cells (BECs) seeded on TiO,/PLGA



biofilms demonstrated that composites containing 10% TiO, nanoparticles offered significant
antibacterial effects while maintaining cell viability and biocompatibility, suggesting their
potential for safe tissue implantation [17]. Graphene has emerged as a promising green
antibacterial agent, with broad-spectrum activity, minimal bacterial resistance, and acceptable
cytotoxicity toward mammalian cells. Its antimicrobial action is driven by both mechanical and
chemical mechanisms—physically disrupting bacterial membranes with its sharp edges and
chemically inducing oxidative stress via reactive oxygen species and electron transfer. Moreover,
graphene serves as an excellent platform to anchor metals, metal oxides, and polymers, enhancing
antibacterial performance through synergistic effects [18]. Finally, functionalized multi-walled
carbon nanotubes (F-MWNTs) have been studied as potential alternatives to conventional
antibiotics. Their antimicrobial activity was tested against E. coli and S. aureus, revealing that the
most effective concentrations for bacterial inhibition were 80 pg/mL and 60 pg/mL, respectively
[19]. This study investigates the synthesis, structural characterization, and antibacterial
performance of CNT composites functionalized with urea and diamide molecules. By evaluating
their physicochemical properties and bactericidal activity against Staphylococcus and Escherichia
coli, this research aims to identify the more effective composite and assess its suitability for
potential biomedical use. The comparative analysis of these amide-functionalized CNTs

contributes to the ongoing development of advanced nanomaterials for antimicrobial applications.

2. Experimental part

2.1 Chemicals and materials

Carbon nanotube, multi-walled, carboxylic acid functionalized ( extent of labeling: >8%
carboxylic acid functionalized) pursued from Sigma -Alde rich, Urea (purity 99.5%) was pursued
from VWR Chemicals. Staphylococcus and Escherichia coli were (purity Greater than 85%)
pursued from CUSABIO Technology LLC.

2.2 Synthesis of amide nanotubes (S1)

This procedure was adapted from the method described by Saeed et al. [20], in which 1 gram of
urea and dissolve it in 20 milliliters of ethanol while stirring to ensure complete dissolution.

Followed by adding an equal amount (1 gram) of wrapped carbon nanotubes to the urea-ethanol
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solution. The reaction mixture is heated with continuous stirring under reflux for two hours to
promote homogeneity and help the reaction between urea and carbon nanotubes. The produced
precipitate has been filtered then washed with ethanol to eliminate any unreacted substances or
impurities. Finally, the purified product is dried at 60°C to remove residual ethanol and obtain the

final amide derivative.
2.3 Synthesis of diamide nanotube (S2)

Dissolve 0.5 g of compound (S1) in 20 ml of ethanol, then add 1 g of carbon nanotube. Heat the
mixture under reflux for two hours. After completion, collect the resulting product and dry it at

60°C.
2.4 Biological activity test

The disk diffusion method is widely recognized as the gold standard for evaluating bacterial
susceptibility to antimicrobial agents. This standardized approach was developed by Bauer and
Kirby in 1956, following extensive optimization through the adjustment of various physical
parameters [21]. In this technique, in this method, the isolated bacterial colony is selected,
suspended into growth media, and standardized through a turbidity test [22]. Begin by dispersing
the functionalized nanotube samples (S1 and S2) along with the non-functionalized control
nanotubes in distilled water using ultrasonication for 30 to 60 minutes. Prepare suspensions at
three different concentrations: 50%, 75%, and 100% weight/volume (w/v). Prepare bacterial
suspensions of Staphylococcus aureus and Escherichia coli in saline solution, adjusting the
turbidity to match a 0.5 McFarland standard. Using a sterile swab, evenly spread 100 pL of each
bacterial suspension onto separate agar plates. Place sterile paper discs onto the agar surface. Then,
carefully pipette 10 to 20 puL of each nanotube suspension onto individual discs. For comparison,
include discs loaded with standard antibiotics as positive controls, and discs with only the solvent
as negative controls. Incubate all plates at 37°C for 18 to 24 hours. After incubation, assess the
plates for zones of inhibition and identify the Minimum Inhibitory Concentration (MIC) as the

lowest nanotube concentration that prevents visible bacterial growth.
2.5 Characterization methods

XRD



The XRD pattern was recorded using a Rigaku D/MAX-rA Xray diffractometer with Cu Ka
radiation (6 = 0.15418 nm). The sample was scanned for 20 values ranging from 3° to 80° with a

scan speed of 1/min.
FT-IR

FTIR spectrum was obtained using a Bruker Tensor 27 FT-IR Spectrometer where samples will
be were finely ground and mixed with KBr and pressed into a disc. Spectrums of samples were

scanned at 2 cm ™! resolution between 500 and 4000 cm ™.

Scanning Electron Microscopy (SEM)

Scanning Electron Microscopy (SEM) was employed as a powerful method to analyze the surface
morphology of a composite material made of urea supported on carbon nanotubes. To evaluate the
effectiveness of the sorption process, SEM images of both composite materials are shown in
Figures 7 and 8. As illustrated in the figure, hierarchical micro- and nanostructures developed,
displaying various textural pores that became more prominent at higher magnifications. The
morphology and particle size were influenced by the presence of cationic ions, which help

minimize the surface energy disparity between polar and nonpolar crystal planes.
Atomic Force Microscopy (AFM)

The surface morphology and topographical features of the diamide carbon nanotube (CNT)
composite were investigated using Atomic Force Microscopy (AFM) NT-MDT Prima, Bruker
Dimension Edge, Bruker Dimension ICON, Agilent 5500. The measurements were performed in
tapping mode using a high-resolution AFM instrument. Samples were prepared by depositing a
dilute dispersion of the composite material onto freshly cleaved mica substrates, followed by
drying under ambient conditions. The scan area was set to 11.6 pm x 11.6 um, and images were
captured in both forward and backward directions along the Z-axis using a line-fit processing mode
to enhance feature resolution. Height and phase images were analyzed to evaluate surface
roughness, particle distribution, and morphological anisotropy. The AFM images revealed
elongated nanostructures and directional alignment of the diamide-functionalized CNTs,

indicative of interactions between the organic diamide groups and the nanotube surfaces.

3. Results and discussion



Amide nanotubes are typically synthesized through the self-assembly of amphiphilic molecules
containing amide functional groups. These nanotubes are primarily formed through hydrogen

bonding interactions, leading to well-defined tubular architectures [23].

The molar ratio of urea to carbon nanotubes is a key factor that influences the degree, effectiveness,
and nature of the functionalization achieved on the CNT surface. Urea is often selected as a
functionalizing agent because it can add amide or carbamoyl groups to the nanotubes through
thermal or chemical processes, which enhances their dispersion, reactivity, and compatibility with
polymer or composite materials [24]. When the mole ratio is appropriately balanced, the majority
of urea molecules interact with only a single reactive site on the CNT surface or defect area. This
condition generally results in mono-amide functionalization as shown in scheme 1. where one
amide group attaches to the nanotube while the other potential reactive groups stay unreacted or

undergo rearrangement.
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Schemel: Chemical reaction step of mono-amid nanotube preparation (S1).

When the number of reactive CNT sites exceeds the amount of urea, each urea molecule typically
attaches to only one site on the nanotube. Conversely, when urea is supplied in excess compared
to the available CNT sites, the likelihood that both amine groups or reactive ends of the urea
molecule participate in bonding increases as shown in the scheme 2. Under these conditions, di-
amide functionalization is favored, allowing urea to connect two CNT sites and produce a more

densely modified surface.
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Scheme?2: Chemical reaction steps of di-amide nanotube preparation (S2).

However, their synthesis can be more challenging due to increased aggregation tendencies,
requiring precise experimental conditions. The scalability of these nanotubes remains a challenge,

and optimizing synthesis for large-scale production is an ongoing research focus.
3.1 XRD Analysis of Urea/CNT Composite

The crystallinity and layered structural properties of the starting materials and the amide carbon
nanotubes were examined using X-ray powder diffraction (XRD). The corresponding results are

illustrated in Figure 1 shows the X-ray diffraction (XRD) pattern of carbon nanotubes (CNTs)

The reflection peaks were identified at approximately 20 = 26°, 43°, 50°, and 77°, which align
with the (002), (100), (101), and (006) crystallographic planes, respectively [24]. The Peak at 26°
(20) Indexed as (002) is the most intense and sharp peak, indicating a high degree of graphitization.
This corresponds to the interlayer spacing of graphite-like structures (3.4 A), characteristic of the
graphitic walls in carbon nanotubes. A sharp and intense peak here implies well-ordered multi-
walled CNTs with good crystalline nature in the stacking direction. Additional weaker peaks
((100), (101), and (006)) support the presence of a partially crystalline, hexagonal graphitic
structure typical of multi-walled CNTs. Overall, the CNTs appear to be well-structured with some

degree of crystallinity, common in high-quality synthesized carbon nanotubes [25].
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Figure 1: X-ray diffraction (XRD) pattern of carbon nanotubes (CNTs)

The XRD pattern displays sharp diffraction peaks at specific 20 values, indicating that urea is
present in a crystalline form. Figure 2. Shows the major peaks at 20 = 22°, 35°, 58°, and 78°are
indexed to the crystal planes (110), (210), (212), and (420), which are consistent with urea’s known
orthorhombic crystal system. The observed Peak at (20 = 22°) indexed as (110) is the most intense
peak, suggesting a preferred orientation or high crystallinity along the (110) plane [26]. The second
peak at 35° (210) is a secondary high-intensity peak, indicating a prominent (210) reflection. The
peak at (20 = 58°) indexed as (212) supports the ordered structure of the urea crystal lattice. The
peak at (26 = 78°) indexed as (420) a higher-angle peak confirming the presence of fine

periodicities in the crystal.
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Figure 2: X-ray diffraction (XRD) pattern of urea.

Figure 3, shows the XRD (X-ray diffraction) pattern of the crystallographic features of a composite
material made of urea supported on carbon nanotubes (CNTs). The peaks at specific 20 values at
22°,35°,43°, 65° and 79° indicate the presence of crystalline phases in the composite. Labeled
planes: (020), (222), (224), (336), and (446) respectively, reflect distinct crystal orientations, likely
originating from urea in a well-crystallized form. The Peak at 20° (20) Indexed as (020)
corresponds to urea, consistent with reported diffraction peaks in urea-based material. The most
intense peak, suggesting that the (222) crystal plane is the dominant orientation. It indicates strong

crystallinity and preferential growth of urea crystals on this plane [27].

The peaks at (224), (336), and (446) (20 = 43°, 65°, and 79°, respectively) also suggest highly
ordered urea crystallites. CNTs usually show a broad peak near 20 =22°, corresponding to the
(002) plane of graphitic carbon. In this pattern, the CNT signature is either very weak or
overshadowed by the strong peaks of urea. This indicates that urea dominates the crystalline

structure, or that CNTs are present in a lower crystalline/amorphous state or low quantity.
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Figure 3: XRD (X-ray diffraction) pattern of a composite material made of urea supported on

carbon nanotubes (CNTs).

The XRD pattern shown in the figure 4 represents the crystalline structure of a composite material
composed of diamide and carbon nanotubes (S2). The broad peak at (20) 26° Indexed as (002) is
characteristic of carbon nanotubes (CNTs) and corresponds to the (002) diffraction plane of
graphitic carbon. The broadness indicates a semi-crystalline or amorphous nature, typical of CNTs
with some structural disorder or smaller crystallite size [28]. The intense and sharp peak at (20)
27° indexed as (222) suggests the presence of a highly crystalline phase in the composite. This

may be due to the diamide component, which has crystallized within or on the CNTs. The peaks
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at 20 (44.5°, 66.5°, and 78°) the systematic indexing (224, 336, 446) are sharp and well-defined,
confirming the crystalline nature of the diamide compound [29]. That indicates a possible cubic or

orthorhombic crystal structure of the diamide or a metal-organic framework derived from it.
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Figure 4: XRD (X-ray diffraction) pattern of a composite material of diamide carbon nanotubes

(S2).
3.2 FT-IR Analysis of Urea/CNT Composite

Figure 5, shows the FT-IR (Fourier-transform infrared) spectrum of a urea composite on carbon
nanotubes (CNTs). Doublet strong absorption peak between 3200-3600 cm™ suggests N—H
stretching (-NH> group) A strong absorption around 1700 cm™ typically indicates a carbonyl group
(C=0). The peaks 1450—-1600 cm™ due to N-H bending and C—N stretching (amide II band) [30].

These peaks are related to the amide functionality in urea and may shift when urea interacts with
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CNTs. In addition, the peaks 1300—-1000 cm™ due to C—N stretching, C—O stretching Indicates the
C-N bonds in urea and potential interactions with CNT functional groups (like carboxyl or
hydroxyl). And the peaks 800—600 cm™ is Out-of-plane bending modes. These may represent CNT
backbone vibrations or interactions between CNT and urea. The FT-IR spectrum confirms the
presence of urea functional groups (N-H, C=0, C-N) and indicates successful interaction or

adsorption of urea onto carbon.
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Figure 5: FT-IR spectrum of a composite material made of urea supported on carbon nanotubes
(CNTs.

Figure 6 show the FT-IR spectrum the major peaks labeled of a diamide carbon nanotube (CNT)
composite. The strong, sharp absorption band at 3692 cm™ corresponds to the N-H stretching
vibrations indicates the presence of amide N-H. The peak 2219 cm associated with C—H

stretching vibrations of alkyl groups. Suggests the presence of hydrocarbon chains or surface
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functionalization with alkyl-containing diamide groups. The peaks at 2219 cm™ and 2105 cm™!
indicate to aliphatic chains (C—H), and possibly nitrile/alkyne moieties, suggesting successful
chemical bonding of diamide groups onto the carbon nanotube surface. The peak 1089 cm™
typically assigned to C—N stretching or C—O stretching vibrations. Supports the presence of amide
bonds, indicating successful functionalization of CNTs with diamide. The low-frequency region
peaks 585 cm ! is often attributed to metal-oxygen or C—C skeletal vibrations in CNTs. In this
case, it may reflect the carbon nanotube backbone structure or bending modes of the CNTs

functionalized with diamide [31].
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Figure 6: FT-IR spectrum of a composite material of diamide carbon nanotubes (S2).

3.3 SEM Analysis of Urea/CNT Composite
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The surface morphology of the urea/CNT composite was investigated using scanning electron
microscopy (SEM) as shown in figure 5. The SEM images revealed a network of entangled carbon
nanotubes with diameters ranging from 20 to 40 nm, forming a porous, web-like structure. Upon
loading with urea, the surface of the nanotubes appeared coated with irregular, granular particles.
These particles, attributed to crystallized urea, were found to be unevenly distributed along the
CNT surfaces. Compared to pristine CNTs, which exhibit smooth and clean surfaces, the urea-
loaded CNTs demonstrated a rougher texture, indicating successful deposition of urea. At higher
magnification, the urea particles appeared to partially agglomerate in localized regions, potentially
due to hydrogen bonding and van der Waals interactions between urea molecules and the CNTs.
No significant structural collapse or damage to the nanotube framework was observed, suggesting
that the composite preparation preserved the CNT integrity [32]. These observations confirm the
physical adsorption and successful incorporation of urea onto the CNT matrix, potentially
enhancing the composite’s surface reactivity and nitrogen content for applications such as

controlled-release fertilizers or chemical sensing.
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Figure 7: SEM image of a composite material made of urea supported on carbon nanotubes

(CNTs).
3.4 AFM Analysis of Urea/CNT Composite
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Figure 8 presents a Scanning Electron Microscopy (SEM) image and a particle size distribution
histogram of a composite material composed of diamide supported on carbon nanotubes (CNTs).
These measurements suggest a relatively nanoscale dispersion of urea particles on the CNT
framework. The particles appear to be irregularly shaped and clustered, which is typical in
composites formed via physical or chemical deposition. The carbon nanotube network likely forms
the darker, fibrous background, while urea particles appear as brighter, roughly spherical or
elliptical formations. The histogram shows the frequency distribution of particle sizes ranging from
0 to 500 nm. Indicating a relatively symmetric spread of particle sizes most particles fall within
the 100-300 nm range. The SEM and particle size analysis together confirm nanoscale integration
and dispersion, which are critical for the material’s potential performance in catalysis, adsorption,

or electronic applications.
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Figure 8: SEM image of a composite material of diamide carbon nanotubes (CNTs).

Figure 9, presents an Atomic Force Microscopy (AFM) image illustrating the surface topography
of a urea—carbon nanotube (CNT) composite, acquired using a scan size of 11.6 pm X 11.6 pm in
Z-Axis — scan forward — line fit mode. The image displays a distinct anisotropic pattern
characterized by diagonally oriented, elongated bright regions. These elevated features correspond
to areas with greater height, suggesting the presence of urea particles or aggregates deposited

across the CNT surface. The dimmer, more continuous background with a smoother texture likely
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represents the underlying CNT network, which is known for its fibrous, cylindrical morphology.

In AFM imaging, CNTs generally appear as fine raised lines or bundles unless significantly coated.

The sharp and bright streaks indicate the formation of urea crystallites or clusters anchored onto
the nanotubes [33]. The variation in size and irregular distribution of these features’ points to
partial surface coverage and non-uniform nucleation, implying a heterogeneous deposition
process. Overall, the AFM analysis verifies the successful incorporation of urea onto the CNT
framework, showing nanoscale interaction and attachment, which may suggest potential interfacial

bonding or adhesion between the two components.
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Figure 9: AFM image of a composite material made of urea supported on carbon nanotubes.

The AFM image in figure 10, illustrates the surface topography of a composite material consisting
of diamide-functionalized carbon nanotubes. The image displays elongated, fibrous structures

distributed across the scanned surface, which are characteristic of carbon nanotube morphology.
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These nanotubes appear more interconnected and sometimes bundled, suggesting cross-linking or
aggregation, potentially due to diamide interaction. The presence of non-uniform thickness or
granular decorations on the nanotubes suggests successful diamide functionalization, which can

cause increased height variation.
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Figure 10: AFM image of a composite material of diamide carbon nanotubes.
3.5 Biological activity of the prepared compounds

The synthesized composite compounds from urea supported on carbon nanotubes demonstrated
inhibitory effects against certain bacterial species of Staphylococcus and Escherichia coli with
activity levels depending on the concentration used higher concentrations corresponded to greater
antibacterial action. The functionalized carbon nanotube samples (named as S1 and S2) and the
non-functionalized control nanotubes were individually dispersed in distilled water. Separately,
bacterial suspensions of Staphylococcus aureus and Escherichia coli were prepared in sterile saline

solution to be used for subsequent antimicrobial have been tested as shown in figure 11. The
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dispersions were subjected to ultrasonication for a duration of 30 to 60 minutes to ensure uniform
distribution. Three distinct weight/volume (w/v) concentrations were prepared for each sample

(50%, 75%, and 100%).

Figure 11: Preparation bacterial suspensions of Staphylococcus and Escherichia coli in saline

solution.

The antibacterial performance of the compounds at different concentrations (100%, 75%, and
50% w/v) of the synthesized composite compounds from urea supported on carbon nanotubes
demonstrated inhibitory effects against certain bacterial species of Staphylococcus were
measured by the diameter of the inhibition zones (in mm) and the data have been listed in Table

1.
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Table 1: Inhibition circle width of a composite of urea on carbon nanotubes (S1) and composite

diamide on carbon nanotube (S2) against Staphylococcus.

Compound 100% 75% 50%
S1 25 20 12
S2 30 22 8

The histogram in figure 12 shows the antibacterial activity of two samples named S1 and S2 which
prepared from urea sported on carbon nanotubes Staphylococcus bacteria at three concentrations
(50%, 75%, and 100%). For both composite materials S1 and S2, the inhibition zone increases as
concentration increases from 50% to 100%, indicating a dose-dependent antibacterial effect. At
each concentration (50%, 75%, and 100%), the compound S2 shows larger inhibition zones than
S1, which suggests that the urea-CNT composite is more effective in inhibiting Staphylococcus
growth compared to the individual components. The composite of urea supported on carbon
nanotubes enhances antibacterial activity against Staphylococcus, it might be due to the synergistic
effect of carbon nanotubes which may disrupt bacterial membranes and urea which may exert

chemical stress on the bacteria.

20



N w
(4] o
1 1 I

n
o
1

-
w
1 1

Inhibition circle width (mm)
P

[4,]
1

B st
B s2

T T v
75

T
100

o

5|0
Conc. (%)

Figure 12: Histogram Inhibition circle width of a composite of urea on carbon nanotubes (S1)

and composite diamide on carbon nanotube (S2) against Staphylococcus.

The antibacterial performance of the compounds S1 and S2 at different concentrations (100%,
75%, and 50% w/v) of the synthesized composite compounds from urea supported on carbon
nanotubes demonstrated inhibitory effects against certain bacterial species of Escherichia coli were
measured by the diameter of the inhibition zones (in mm) and the data have been listed in Table

2.

Table 2: The data of inhibition circle width of a composite material of urea on carbon nanotubes

against Escherichia coli.

Compound 100% 75% 50%
S1 23 22 9
S2 33 28 12

Figure 13, histogram illustrates the antibacterial effectiveness of two different composites S1 (urea

on carbon nanotubes) and S2 (diamide on carbon nanotubes) against Escherichia coli, measured
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by the inhibition circle width in millimeters (mm) at three different concentrations 50%, 75%, and
100%. The compound S2 (diamide-CNT) Slightly higher (13 mm), showing better antibacterial
effect than compound S1 (urea on carbon nanotubes). The results show both composites dose-
dependent antibacterial activity inhibition increases with concentration. And S2 (diamide-CNT) is
more effective than S1 at all tested concentrations [34]. This suggests that the diamide modification
enhances the antibacterial properties of carbon nanotubes more significantly than urea when

targeting Escherichia coli.
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Figure 13: Histogram Inhibition circle width of a composite of urea on carbon nanotubes (S1)

and composite diamide on carbon nanotube (S2) against Escherichia coli.
Conclusion

This study successfully demonstrated the synthesis and characterization of amide-based carbon
nanotube composites using urea and diamide functionalization, aiming to enhance antibacterial
performance. Structural and morphological analyses confirmed the formation of distinct
nanocomposites, and biological assays revealed notable antibacterial activity against both
Staphylococcus aureus and Escherichia coli. The results indicate that antibacterial efficacy is
concentration-dependent, with higher concentrations yielding larger inhibition zones. Notably, the
diamide-functionalized composite (S2) consistently outperformed the urea-based counterpart (S1),

suggesting a superior enhancement of antibacterial properties through diamide modification.
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These findings highlight the potential of amide-functionalized carbon nanotube composites as
promising antimicrobial agents and underscore the importance of chemical design in optimizing

biological activity for future biomedical and environmental applications.
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