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Abstract: Oncology extensively uses nanographene, an inorganic nanocomposite material, because of its 
ability to deliver drugs, its adaptability, and its photothermal and photodynamic effects. However, the 
restricted use of the abovementioned features limits its current use. This is mainly because graphene oxide 
nanoparticles' physical and chemical characteristics are poorly understood. Two nanocomposites, R1, were 
formed by reacting graphite nanocellulose with prepared triazole nanocellulose, and R2, by reacting graphene 
oxide with graphene triazole nanocellulose. Ultrasound and dioxane were used as solvents in both methods. 
The nanoscale properties of the composites were verified using scanning electron microscopy (SEM), atomic 
force microscopy (AFM), and X-ray diffraction (XRD). The bacterial susceptibility of the composites was 
tested against two types of gram-positive bacteria, Staphylococcus aureus and gram-negative Escherichia coli, 
using the antibiotic ampicillin as a control sample. The composites had a high inhibitory activity compared to 
the antibiotic. The effect of the composites on a type of fungus, Candida albicans, was also investigated, using 
the antibiotic itraconazole as a control sample. The composites demonstrated inhibitory activity. Higher fungal 
activity than antibiotics, and the anticancer activity was tested against MCF-7 breast cancer cells at five 
concentrations (31.2, 62.5, 125, 250, and 500 micrograms/ml), showing good inhibitory activity. 
Keywords: nanocomposites, graphene, antibacterial activity, Fungal Biological, Breast cancer 
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1. Introduction 
 

Cancer has long posed a serious risk to 
people's health since it is a fatal illness [1]. How 
cancer is treated has changed significantly in the 
last several decades. Today, a complete treatment 
strategy that combines biological targeted 
therapy, chemotherapy, radiation, and surgery is 
used to treat cancer. Nevertheless, each of the 
therapies above has drawbacks. Patients with 
tumors still have an abysmal five-year survival 
rate. Clinical experience has demonstrated that 
most current medicines cannot increase the cure 
rate of cancer patients, except a few specialized 
medications [2]. Individuals are searching for 
more cancer treatment programs to enhance the 
current cancer treatment system. Nanomaterials 
have gained popularity in anticancer research in 
recent years. Graphene nanocomposites stand out 
among nanomaterials because of their distinct 
physicochemical characteristics [3]. Graphane 

(hydrogenated graphene), fluorographene 
(fluorinated graphene), graphdiyne, porous 
graphene, graphene nanoribbon (GNR), 
graphene oxide (GO), and reduced graphene 
oxide (rGO) are some of the several kinds of 
graphene-based materials that have been created 
thus far [4]. GO and rGO are most often utilized 
in biological applications, including theranostics 
in oncology, imaging agent distribution, and 
anticancer medication carriers [5]. The modified 
Hummer's technique is frequently used to create 
graphene oxide (GO), a highly oxidized version 
of graphene. The proper reducing agents are 
added to GO to create rGO [6]. Currently, 
graphene materials are often employed in clinical 
and biological settings as graphene 
nanocomposites.   Additionally, graphene 
materials possess antifungal [7] and antibacterial 
properties [8]. The goal of our study is to create 
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graphene nanocomposites and investigate their 
potential as a treatment for cancer cells, fungus,  
 

and bacteria. 
 
 

2. Experimental part 
 

2.1. Devices used. The Electrothermal 
Melting Apparatus 9300 measured the melting 
points.  FT-IR 8400S Shimadzu 
spectrophotometer by KBr disc, 400–4000 cm-1 
scale. The Raypa steam sterilizer (Spain) 
autoclave at the University of Tikrit's Advanced 
Microbiology Research Laboratory was utilized 
to sterilize the microbiological medium used in 
the study.  Petri dishes utilized for the 
microbiological investigation were incubated in 
the same lab using a Heraeus D-63450 incubator 
(Germany). Atomic Force Microscopy (AFM) 
was carried out at Kashan University in Iran 
using a US AFM Icon equipment. Scanning 
Electron Microscopy (SEM) was carried out 

using a MIRA3-TE SCAN microscope from 
Belsorp, Czech Republic. A Shimadze-XRD-
6000 instrument was used for X-Ray Diffraction 
(XRD) analysis at Kashan University in Iran. 

2.2. Synthesis of Nano-graphene 
composite (R1) [9, 10]. Following the 
dissolution of 1 g of the produced nanographite 
cellulose in 15 ml of dioxane, the solution was 
homogenized (free of plankton) using 
ultrasound. It was then filtered, washed with 
distilled water, and dried at 70°C after 1 g of the 
produced nanocellulosegraphene triazole was 
placed in an ice bath at 0°C and increased for 30 
minutes with magnetic stirring. 

 

 
 

2.3. Synthesis of Nano-reduced 
graphene oxide (R2) [9, 10].  Fifteen milliliters 
of dioxane were used to dissolve (1 g) the 
manufactured nano-reduced graphene oxide. 
Ultrasound was used to homogenize the solution 
until it was homogenous, or a clear solution 

devoid of plankton. Subsequently, 1 gram of the 
synthesized nano-cellulose graphene triazole was 
put into an ice bath at 0°C, magnetically agitated 
for 30 minutes, filtered, cleaned with distilled 
water, and allowed to dry at 70°C. 

 

 
 

2.4. Evaluation of bacterial bioactivity. 
Two bacterial strains, Gram-positive 
Staphylococcus aureus and Gram-negative 
Escherichia coli, were obtained from the central 
laboratories of Tikrit University. The Mueller–

Hinton agar culture medium was prepared by 
dissolving 20 g of the medium in 500 mL of 
water, followed by stirring and sterilization in an 
autoclave at 1.5 bar and 120°C for 14 minutes. 
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After cooling, the medium was poured into Petri 
dishes and allowed to solidify at 25°C [11]. 

Solutions of the nanocomposites R1 and 
R2 were prepared in DMSO at three 
concentrations (0.01, 0.001, and 0.0001 mg/mL). 
The agar plates were inoculated by streaking the 
bacterial cultures in three directions to ensure 
uniform distribution. Wells (6 mm in diameter) 
were then punched into the agar using a sterile 
cork borer, and the test solutions were added to 
the wells. The plates were incubated at 37°C for 
24 hours in a controlled environment. The zones 
of inhibition were measured in millimeters using 
a ruler, with ampicillin serving as the control 
antibiotic [12, 13]. 

2.5. Evaluation of Fungal Biological 
Activity. In the laboratories of Tikrit University, 
one Candida albicans species was prepared. 
Fifteen grams of medium spears were dissolved 
in half a liter of water and placed in an autoclave 
under 1.5 bar pressure for 14 minutes at 122°C. 
The solution was then cooled, poured into plates, 
and left to dry at 25°C. The solution 
concentrations were prepared differently from 
the bacterial activity, with four concentrations 
(25, 50, 75, and 100 mg/ml) in DMSO. The fungi 
were then swept from the center in three 
directions to obtain the largest surface area, and 
three holes were found in each plate using a 6 mm 

diameter cork piercer. The solutions were poured 
into each hole, incubated in an incubator, and 
mixed for two weeks. The results were read using 
a mm diameter ruler. The antibiotic itraconazole 
was used as a control [14, 15]. 

2.4. Cytotoxicity test for breast cancer 
(MCF-7). Breast cancer cells were prepared 
from Kashan University, Iran. Cell suspensions 
at a concentration of 1×104 to 1×106 cells/ml 
were prepared in a 96-well plate with a final 
volume of 200 μl of complete medium per well. 
The plates were covered with sterile parafilm, 
gently agitated, and incubated in a 5% CO2 
incubator at 37°C for 24 h. Following incubation, 
the medium was discarded, and three wells were 
filled with 200 μl of the produced concentrations 
of the investigational drugs [R1, R2] (31.2, 62.5, 
125, 250, and 500 μg/ml). After adding control 
samples, the mixture was incubated for 24 hours 
at 370°C in an incubator with 5% CO2. Following 
the incubation of the plates with the compounds 
under investigation [R1, R2], 10 μL of MTT 
solution was added to each well, and the plates 
were then incubated for 4 hours at 37°C in an 
incubator with 5% CO2. Each well received 100 
μL of DMSO dissolving solution, which was then 
incubated for five minutes. An ELISA device 
was used to measure the absorbance at 570 nm 
[16, 17]. 

 
3. Results and discussions 

 
3.1. Characterization of R1 

nanocomposite. The FT-IR spectrum of the R1 
nanocomposite showed two bands at (3294, 

3279) cm-1 attributed to the (NH2) bond and their 
overlap with the (OH) band appearing at the 
same position (3294) cm-1. 

  

 
Fig. 1. FT-IR spectrum of the R1 nanocomposite 
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The spectrum showed a band at (3093) cm-1 
typically associated with the (Ar-CH) bond, in 
addition to two other bands at (2970, 2904) cm-1 
attributed to the aliphatic (CH) group, and a band 
at (2565) cm-1 attributed to the (SH) group. The 
spectrum also showed a band at (1705) cm-1 
typically associated with the (C=O) group, a 
band at (1620) cm-1 typically associated with the 
azimethine (C=N) group in the triazole ring, and 

a band at (1300) cm-1 typically associated with 
the (C-N) group [18] (Fig. 1). Fig. 2 shows the 
X-ray diffraction spectrum of compound R1. The 
main diffraction peak appears at 2θ = 29.385°, 
corresponding to an interlayer spacing (d) of 
0.3037 nm, a grain size (D) of 2.8 nm, and an 
estimated number of layers (n) of 9.3. These 
values are consistent with previously reported 
data [19]. 

 

 
Fig. 2. XRD pattern of the R1 nanocomposite 

 
Fig. 3 presents the morphological analysis 

of compound R1 obtained by field emission 
scanning electron microscopy (FESEM). The 
images reveal several notable features: 

 
 Particle distribution: The observed dispersion 

suggests the formation of nanoparticles as a 
result of the reaction. 

 Homogeneous distribution: The uniformity of 
the particles indicates good interaction among 
the nanocomposites, which can enhance their 
practical performance. 

 Particle size: The small particle dimensions 
are consistent with nanoscale behavior, 
potentially improving antimicrobial activity. 

 Shape and structure: Variations in particle 
morphology may reflect specific chemical 
interactions between the components, which 
can influence the physical and chemical 
properties of the final material. 

 Dispersion on the surface: The even spread of 
particles across the surface may affect the 
efficiency of applications such as catalysis or 
biological processes [20]. 

 

 
                                            a                                                                        b 
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                                           c                                                                       d 

Fig. 3. FESEM images of the R1 nanocomposite 
 
Fig. 4 shows the morphological analysis of 
compound R1 obtained by atomic force 
microscopy (AFM). The images reveal the size 
and distribution of nanoparticles across the 
surface of the extract, with several notable 
features: 
 
 Homogeneous surface distribution: The 

particles are evenly dispersed across the 
surface (image a), including along the rims. 

 Cavities and surface defects: Distinct cavities 
and irregularities are visible (image b), which  

may affect surface reactivity. 
 Formation of peaks: The AFM images display 

nanoscale peaks (image c) resembling 
volcanic structures, indicating localized 
growth or aggregation. 

 Layer connectivity and sheet morphology: 
The parallel arrangement of nanosheets 
(image d) exhibits clear zigzag peeling, while 
the rims of stratified clusters show connected 
layers, suggesting structural rearrangement at 
the nanoscale [21]. 

 

 
                                            a                                                                         b 

                                 
                                      c                                                                            d 

Fig. 4. AFM images for the R1 nanocomposite 
 

3.2. Characterization of R1 
nanocomposite. The FT-IR spectrum of the R2 

nanocomposite showed that the presence of two 
bands at (3271, 3313) cm-1 is attributed to the 



338                                                       REEM S. NAJM et al.                            

CHEMICAL PROBLEMS 2026 no. 3 (24)                                                                                                            

(NH2) bond and its overlap with the (OH) band 
that appears at the same position (3313) cm-1. 
The spectrum also showed a band at position 
(3213) cm-1 attributed to the (NH) group. The 
spectrum showed a band at position (3051) cm-1 
usually associated with the (Ar-CH) bond, in 
addition to two other bands at positions (2816, 
2920) cm-1 attributed to the aliphatic (CH) group, 
and a band at position (2596) cm-1 attributed to 

the (SH) group. The spectrum also showed a 
band at position (1701) cm-1 that was usually 
associated with the (C=O) group, a band at 
position (1631) cm-1 that was traditionally 
associated with the azamethine (C=N) group in 
the triazole ring, and a band at position (1276) 
cm-1 that was usually associated with the (C-N) 
group [22] (Fig. 5). 

 

 
Fig. 5. FT-IR spectrum of the R2 nanocomposite 

 
Fig. 6 shows the X-ray diffraction 

spectrum of compound R2. The diffraction peak 
appears at 2 = 22.8°, corresponding to an 
interlayer spacing (d) of 0.202 nm. The 

calculated grain size (D) is approximately 1.5 
nm, and the estimated number of layers (n) is 
about 2.1. These values are consistent with those 
previously reported in the literature [19]. 

 

 
Fig. 6. XRD spectrum for the R2 nanocomposite 

 
Fig. 7 shows the field emission scanning 

electron microscopy (FESEM) images of 
compound R2. The micrographs reveal increased 

porosity, larger particle size, and an expanded 
surface area, along with a pronounced and well-
defined stratification of triazole layers. In image 
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(a), sheet thickening is evident, while images (b) 
and (c) show surface cracks on the peeled sheets 
and the formation of deep cavities. Image (d) 

highlights the rough surface morphology, which 
can be attributed to the intrinsic structural 
characteristics of the compound [23]. 

 

 
                                          a                                                                       b 

 
                                          c                                                                         d 

Fig. 7. FESEM images for the R2 nanocomposite 
 

 

 
                                           a                                                                      b 

 
                                       c                                                                         d 

Fig. 8. AFM images for the R2 nanocomposite 
 

Fig. 8 presents the atomic force 
microscopy (AFM) images of compound R2. The 
micrographs reveal a series of parallel, 

interconnected peaks, suggesting the role of 
amine groups in enhancing exfoliation and 
promoting the formation of additional graphene-
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like sheets. The edges of these sheets exhibit 
pronounced elevations attributed to triazole 
moieties. Image (a) displays a uniform 
distribution across the surface and edges, while 
images (b) and (c) reveal the presence of cavities 
and structural defects. Image (d) shows a 
recurring pattern in the morphology of the 
formed peaks, further supporting the observed 
exfoliation effect. 

3.3. Evaluation of bacterial bioactivity. 
By measuring the diameter of inhibition in mm, 
it was found that compound R1 showed the 
highest inhibition at a concentration of 0.01 
against Staphylococcus aureus bacteria with a 
diameter of 25 mm, which is higher than the used 
antibiotic. At a concentration of 0.001, it showed 
a 20 mm diameter of inhibition, while at 0.0001, 
it showed 15 mm. As for Escherichia coli 

bacteria only, this compound showed a diameter 
of inhibition of 20 mm at a concentration of 0.01, 
equal to the used drug. This inhibition decreased 
to 15 mm at a concentration of 0.001, and the 
lowest inhibition appeared at a concentration of 
0.0001 with a diameter of 10 mm. It is clear that 
compound R1 showed a high effectiveness 
against positive bacteria compared to negative 
bacteria. This is due to the nature of the cell 
membrane, as negative bacteria have a more 
complex membrane than positive bacteria [24, 
25]. As for compound R2, it showed inhibitory 
activity against positive bacteria. Staphylococcus 
aureus inhibition diameter of 23 mm at 0.01 
concentration is superior to the antibiotic but less 
than the compound R1. Equivalent inhibition 
with R1 reaches 20 mm at 0.001 concentration. 

 
 

Table 1. Antibacterial activity of the synthesized compounds (inhibition zone in mm) 

 Com. No 
Staph. aureus mg/ml E. coli mg/ml 
0.01 0.001 0.0001 0.01 0.001 0.0001 

R 1 25 20 15 20 15 10 
R 2 23 20 14 21 16 13 

Ampicillin. 22 18 15 20 17 14 
 

 
Fig. 9. Efficacy of the nanocomposite (R1, R2) against Staphylococcus aureus bacteria 

 

 
Fig. 10. Efficacy of the nanocomposite (R1, R2) against Escherichia coli bacteria 

 
This inhibition also decreases at 0.001 

concentration to 14 mm. It gave the highest 
inhibition against gram-negative bacteria 
Escherichia coli at high concentrations of 21 
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mm, which is superior to the antibiotic and 
compound R1. At intermediate concentrations, it 
showed 16 mm inhibition, and at low 
concentrations, 13 mm showed an inhibition 
diameter higher than that of compound R1 in 
both cases [26]. The results of this compound R2 
demonstrate its ability to penetrate the membrane 
of the gram-negative cell, which gives hope that 
it may be a future antibiotic. It is noted that 
inhibition increases with increasing inhibition 
diameter, as the compounds showed the highest 
inhibition after high concentrations [27, 28] 
(Table 1, Fig. 9 and 10). 

3.4. Evaluation of antifungal bioactivity. 
When studying the inhibitory effectiveness of 
nanocomposites against the fungus Candida 
albicans, we note the presence of a direct 
relationship between the concentration and the 
diameter of inhibition in both compounds, as the 
prepared compounds gave the highest 
effectiveness at a concentration of 100 mg/ml 
with an effectiveness of 16 mm for R1 and 20 for 
R2, where the effectiveness of compound R2 is 

close to the drug used, making it more effective 
than compound R1. In comparison, at a 
concentration of 75 mg/ml, compound R1 
showed effectiveness with an inhibition diameter 
of 14 mm, and compound R2 with a diameter of 
16 mm, making it closer to the effectiveness of 
the drug, which showed effectiveness with a 
diameter of 18 mm [29, 30]. As for the 
concentration of 50 mg/ml, compound R1 
showed effectiveness with a diameter of 12 mm, 
which is less than that of compound R2, which 
reaches 15 mm, equal to the drug's effectiveness. 
At low concentrations of 25 mg/ml, compound 
R1 was effective with a diameter of 11 mm. In 
contrast, compound R2 gave effectiveness equal 
to the drug, with an inhibition diameter that 
reached 13 mm. However, the drug was slightly 
more effective than the nanocomposites; it was 
still very effective, with the R2 complex being 
close to the drug’s effectiveness, which gives 
hope for the possibility of using it as an antibiotic 
against fungi [31, 32] (Table 2, Fig. 11). 

 
Table 2. Fungal bioactivity results of the prepared compounds and antibiotics (mm) 

Comp 
No. 

Candida albicans mg/ml 
100 75 50 25 

R 1 16 14 12 11 
R 2 20 16 15 13 

Itraconazole  22 18 15 13 
 

 
Fig. 11. Efficacy of nanocomposites (R1, R2) against Candida albicans 

 
3.5. Cytotoxicity test for breast cancer 

(MCF-7). When studying the effect of 
nanocomposites R1 and R2 on cancer cells, it 
was found that there is an inverse relationship 
between the concentration and the survival rate 
of cancer cells. For nanocomposite R1, at low 
concentrations such as 31.2 μg/ml, the survival 
rate was 87% of the cells and began to decrease 

as the concentration increased, reaching 80% at 
62.5 μg/ml. At a concentration of 125 μg/ml, it 
was 84%, and at a concentration of 200 μg/ml, it 
reached 78%. The best results appeared at a 
concentration of 500, as the cell survival rate 
reached 43%, meaning that more than half of the 
cells were affected by this nanocomposite. This 
indicates its medical importance at high 
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concentrations or its combination with other 
treatments to increase the effect on cancer cells. 
As shown in Figures 12 and 13, compound R2 
showed similar results to compound R1, but with 
a slightly better survival rate. It showed a cell 
survival rate of 85% at 31.2 μg/ml, a 78% 
survival rate at 62.5 μg/ml, a 67% survival rate at 
125 μg/ml, and a 57% survival rate at 200 μg/ml. 
The best results were found at the highest 
concentration, with a 41% survival rate at 500 

μg/ml, demonstrating its potential as an 
anticancer drug, as shown in Figures 14 and 15. 
These results indicate that both compounds have 
moderate anticancer activity, but compound R1 
exhibits slightly higher activity. These data may 
encourage further research to improve the 
properties of both compounds and enhance their 
efficacy by modifying their chemical structures 
or testing them in other therapeutic formulations 
[33, 34] . 

 

 
Fig. 12. Effect of nanocomposite R1 on MCF-7 cells 

 

 
Fig. 13. Effect of nanocomposite R1 on MCF-7 cells and HdFn cells using MTT assay 

 

 
Fig. 14. Effect of nanocomposite R1 on MCF-7 cells 

 

 
Fig. 15. Effect of nanocomposite R2 on MCF-7 cells and HdFn cells using MTT assay 
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4. Conclusions 
 

 Two nanocomposites, R1 and R2, were 
synthesized, and their nanostructure, particle 
size, and surface area were confirmed using 
SEM, AFM, and XRD analyses, demonstrating 
that the composites possess nanoscale features. 
Infrared spectroscopy further verified their 
structural integrity. Both nanocomposites 
exhibited pronounced antibacterial activity: 
compound R1 demonstrated superior efficacy 
compared to standard antibiotics against 
Staphylococcus aureus, indicating its potential as 
an alternative therapeutic agent. Compound R2 
showed higher activity than ampicillin against 
Escherichia coli, confirming its potential use as 

an antibacterial agent against this pathogen. 
Evaluation of antifungal activity against Candida 
albicans revealed that both nanocomposites 
displayed comparable efficacy, with R2 
performing slightly better, approaching the 
effectiveness of itraconazole at both low and 
high concentrations, and achieving equivalent 
performance at higher concentrations. 
Furthermore, cytotoxicity studies against cancer 
cells indicated that both nanocomposites 
significantly reduced cell survival rates by more 
than 50%, highlighting their promise as 
candidates for the development of anticancer 
therapies. 
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