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Abstract—Nanoparticle utilization for the prevention, diagnostics, and treatment of diseases is widely known as one of the medicine 

branches, nanomedicine. The ability to penetrate the higher space between cells and cell walls makes nanoparticles have the potential 

to be used as a drug delivery system (DDS). Furthermore, various techniques can be combined with nanoparticles due to their flexibility. 

AgNPs are one of the interesting nanoparticles to be developed into DDS. It is because they can improve antibacterial, antiviral, 

antifungal, antioxidant, and physicochemical properties. In addition, AgNPs have biocompatibility that can improve drug delivery 

capability. On the other hand, carbon-based nanomaterials such as MWCNTs have unique properties that can be potentially used as 

composite materials for application as DDS. Therefore, to increase the ability of DDS, the in-situ synthesis of MWCNT-AgNPs 

nanocomposites was carried out. UV-Vis observed the absorption peak of the nanocomposite. The characterization of the crystal 

structure was performed using XRD. FESEM-EDX conducted the determination of the morphology of nanocomposite and the chemical 

composition. The distribution of AgNPs on the MWCNTs surface was performed by TEM. Furthermore, Raman spectroscopy was used 

to investigate the vibration of the MWCNT-AgNPs. Drug Loading was performed using UV-Vis measurements. The results showed 

that MWCNT-AgNPs as a DDS are successfully created in the drug loading stage. Drug loading stage properties are increased with the 

increasing loading time of Ibuprofen on MWCNT-AgNPs. The optimum percentage of drug loading for Ibuprofen by MWCNTs-AgNPs 

was 43.7% in a contact time of 27 hours. 
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I. INTRODUCTION

Nanomedicine is a branch of medicine that utilizes 
nanomaterials to prevent, diagnose, and treat diseases. The 
use of nanomaterials in the health sector is expected to 
become drug carrier devices that can increase the 
effectiveness and safety of the drug by reducing toxicity and 
side effects [1]. Nanotechnology produces materials of 
various types at a nanoscale level called nanoparticles. At the 
nanoscale, man-made materials may show unique properties 
that differ from bulk materials. Nanoparticles have small sizes 
(between 1-100 nm), large surface area, and unique surface 
characteristics. The uniqueness of nanoparticles includes their 
conductivity, catalytic, fire resistance, water-repellent, and 
anti-rust properties [2], [3]. Their nanoscale size and unique 

properties allow nanoparticles to be developed in diagnostic 
applications using imaging technology and medicinal 
purposes through drug delivery technologies. Nanoparticles 
are composed of metallic atoms, nonmetals, or alloy. 
Nanoparticles consist of different structures that vary from 
nanorods, nanotubes, nanoshells, quantum dots, liposomes, 
polymers, dendrimers, and micelle [4], [5].  

Nanoparticles can be used as a drug delivery system 
(DDS)[6]. DDS is a formula used to deliver a drug to a 
specific part of the body at a certain rate. So that it reaches an 
effective concentration for the drug's action. DDS that utilizes 
nanoparticles provides optimal delivery targets with reduced 
side effects and toxicity, whereby an active moiety is 
conveyed explicitly to the site of action by naocarriers [7]. 
Nanoparticles can be used as DDS because they can reach the 
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target site with a reduced dose frequency in a controlled 
manner, thereby reducing toxicity and adverse side effects. 
This is because drug delivery in the nanoscale can adjust drug 
release rates, increase the permeability of biological 
membranes, change the distribution of the drug in vivo, and 
increase their efficiency through encapsulation, absorption, 
and even covalent cross-linking. 

Furthermore, nanoparticles have the flexibility to be 
combined with various other technologies. Therefore, 
nanoparticle as DDS has the potential to be developed[8]–
[11]. Metal-based nanoparticles have a smaller size so that 
they have selectivity for bacteria and can be against pathogens. 
Metal-based nanoparticles have a non-specific bacterial 
toxicity mechanism that can broaden the spectrum of 
antibacterial activity [12]. One of the metallic nanoparticles 
that can be used as DDS is silver nanoparticles (AgNPs). 
Silver can be used to manufacture nanoparticles because it has 
antibacterial, antiviral, antifungal, antioxidant, anti-
inflammatory, and physicochemical properties that can be 
increased [7], [13]. This remarkable antimicrobial activity in 
silver nanoparticles is due to the large surface-volume ratio. 
AgNPs contain 20 to 15,000 silver atoms, and their diameters 
are less than 100 nm. AgNPs have potential in biomedical 
applications, such as drug delivery, medical imaging, and 
molecular diagnostics. This occurs because AgNPs have 
shown low cytotoxicity and immunological responses [14]–
[16]. AgNPs have cell chemical stability, high conductivity, 
catalytic activity, and localized surface plasma resonance and 
thus have vast potential in the medical field and can be used 
as therapeutic agents [17]. 

Carbon-based nanomaterials have unique properties such 
as electrical, thermal, mechanical, and chemical. Thus it has 
high potential as composite materials and drug delivery[18]. 
One of the most well-known carbon-based nanomaterials is 
Carbon nanotubes (CNT), one of the allotropes of 3D carbon. 
A CNT is defined as a cylinder composed of graphene sheets 
rolled to form a tube with a nanometer-scale diameter, with a 
cap at both ends [19]. The uniqueness of CNT includes 
superior mechanical, electrical, and thermal properties, thus 
making them ideal for the manufacture of nanostructured 
composites. The excellent mechanical properties of CNT are 
due to the presence of carbon bonds sp2[20]. The sp2 
hybridization gives CNT a mechanical strength that is even 
stronger than the sp3 bond in a diamond. CNT consists of two 
types: Single-walled Carbon Nanotubes (SWCNT) and Multi-
walled Carbon Nanotubes (MWCNT). Multi-walled carbon 
nanotubes (MWCNT) are CNT types that consist of several 
graphite sheets that roll coaxially and regularly. MWCNT 
consists of several graphene sheets rolled with a gap between 
the graphene interlayer of MWCNT measures approximately 
0.34 nm on average[21], [22]. MWCNT is easy to modify and 
functionalize due to an increase in the number of layers in 
MWCNT, increasing the number of defects [23]. Carbon 
Nanotubes exhibit some unique features because of their 
unique special 1D structure, and they possess advantageous 
properties, such as superior mechanical strength and good 
thermal conductivity. The report by Iijima on carbon 
nanotubes in 1991 renewed the interest in carbon-based 
nanomaterials. CNT are widely used in biotechnological and 
biomedical applications, such as biosensors, drug delivery, 
tissue engineering, and cancer cell death. This occurs because 

CNT has unique characteristics to be applied as a drug 
delivery system due to their nano-sized diameter, hollow 
structure, unique atomic configuration, and excellent 
physicochemical properties, such as intrinsic stability, 
structural flexibility, and the ability to prolong the circulation 
time and hence, the bioavailability of the carried drug 
molecules. In addition, CNT also has good electricity, good 
thermal conductivity, and the ability to penetrate living cells 
without causing damage or death, which makes them suitable 
nanocarriers for drug delivery [18], [24]–[28]. The superiority 
of MWCNT based DDS is that it can easily cross the 
cytoplasmic membrane and nuclear membrane so that the 
drug carried by MWCNT can be released in the target cell at 
the intact concentration [29]. 

One silver metal is catalytically active with carbon support, 
such as graphene oxide, carbon nanotubes, and activated 
carbon[30]. In this work, we present an in-situ method of 
functionalized MWCNT-AgNPs composites. The MWCNT-
AgNPs composites formed were observed for their ability to 
drug loading in applications as a drug delivery system (DDS) 
for Ibuprofen. To the best of our knowledge, there is no report 
on drug delivery systems using MWCNT-AgNPs 
nanocomposites for drug loading for Ibuprofen.  

II. MATERIALS AND METHOD 

A. Materials 

MWCNT powder was purchased from Cheap Tubes Inc, 
USA (20-40 nm diameter, 10-20 µm length, > 90% purity), 
95-97% sulfuric acid (H2SO4) solution, nitric acid solution 
(HNO3) 65%, distilled water, AgNO3 solution, and NaOH 
solution. The drug loading ability test was carried out using 
Ibuprofen. 

B. Methods 

1) Functionalization of Multi-walled Carbon Nanotubes 
(MWCNT):  The functionalization of MWCNT was prepared 
by refluxing pure MWCNT in strong acid (H2SO4 : HNO3) 
with a ratio of 3: 1. The amount of 4.001 grams of MWCNT 
were added by 75 mL of H2SO4 95-97% and 25 mL of HNO3 
65%, then refluxed for 7 hours with a magnetic stirrer at a 
temperature of 320C. The result is diluted with 1200 mL 
distilled water or until it is cold and dilute. The mixture was 
precipitated by gravity to obtain a black precipitate. The 
precipitate was washed with distilled water using a centrifuge 
until the filtrate pH was neutral. The neutralized precipitate 
was transferred to crucible porcelain and dried in an oven at 
800C. 

2) Synthesis of MWCNT-AgNPs Composite: The 
MWCNT-AgNPs composites were synthesized by sonication 
process of 0.501 grams MWCNT-COOH with 200 mL 
distilled water for 1 hour. The suspension was added by 200 
mL of 0.1 M AgNO3 and sonicated again for 30 minutes. 
After sonication, the suspension was stirred and heated until 
850C. When the solution temperature reached 850C, 25 mL 8 
M NaOH was added slowly and stirred for 10 minutes with 
the constant temperature at 850C. The solution was then 
washed with distilled water using a centrifuge until the pH of 
the filtrate was neutral. The precipitate was dried in an oven 
at 800C. 
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3) Characterization of Composites: The maximum 
wavelengths of MWCNT, MWCNT-COOH, and MWCNT-
AgNPs composites were characterized by UV-Vis 
spectrophotometer (UV-Vis, LABTRON LUS B-12). The 
crystal structure characterization of MWCNT-COOH and 
MWCNT-AgNPs composites was carried out using X-ray 
Diffraction (diffraction (XRD, Smartlab Rigaku X-ray 
diffraction) with Cu-Kα radiation (λ= 1.5406 Å). Surface 
morphology and analysis of MWCNT-COOH and MWCNT-
AgNPs composites were characterized by Field Emission 
Scanning Electron Microscopy-Energy Dispersive X-ray 
Spectroscopy (FESEM-EDX, QUANTA 650), the 
nanostructure of MWCNTs-AgNPs was characterized by 
Transmission Electron Microscope (TEM, TECNAI G220 S-
TWIN). The vibration spectra of MWCNTs were performed 
using Raman spectroscopy (Labspec 6-HORIBA Scientific 
Type iHR320). 

4) Application of MWCNT-AgNPs Composite as Drug 

Delivery System (DDS): The drug loading stage in DDS was 
analyzed by comparing the results of the UV-Vis 
spectrophotometer between the Ibuprofen loading on the 
MWCNT-AgNPs composites with the standard solution of 
Ibuprofen. Preparation of standard solutions was carried out 
by sonication of fine Ibuprofen in 10 mL of distilled water. 
Standard solutions are made with 3 mass variations of 
Ibuprofen, namely 2 mg, 3 mg, and 4 mg. The drug loading 
ability for Ibuprofen by the MWCNT-AgNPs composite was 
carried out by stirring 5 mg of Ibuprofen and 10 mg of 
MWCNT-AgNPs composite in 20 mL of distilled water. The 
solution was stirred with various time variations: 3 hours, 6 
hours, 24 hours, and 27 hours. The percentage of drug loading 
was measured by UV-Vis spectrophotometer with a 
wavelength of 264 nm, using the equation: Drug Loading (%) 
= (C0-Ct/C0)x100. 

III. RESULTS AND DISCUSSION 

A. Functionalization of Multi-walled Carbon Nanotubes 
(MWCNT) 

The MWCNT functionalization aims to remove residuary 
catalyst particles and impurities (i.e., Fe metal, ferrocene, and 
un-pyrolyzed benzene residue) that are formed from the 
MWCNT synthesis stage. Besides that, the MWNCT 
functionalization aims to remove amorphous carbon and 
increase the MWCNT surface area due to defects or cavities. 
In addition, the purpose of the functionalization of MWCNT 
is to change the characteristics of MWCNT from hydrophobic 
to hydrophilic with the addition of a hydroxyl functional 
group. This step is crucial because the properties of the 
nanomaterials generally have hydrophobic properties, 
resulting in these nanomaterials not forming stable 
suspensions in aqueous media. The functional groups formed 
through the oxidation process can stabilize MWCNT. 
MWCNT can be functionalized with a specific chemical 
species to add a functional group on them using various types 
of acids and acid mixtures, such as HNO3, H2SO4/HNO3, 
HCl/H2SO4/HNO3, H2O2, KMnO4, K2Cr2O7/H2SO4, and 
KMnO4/H2SO4[31], [32]. 

HNO3 solution is used as a washing solution because it is a 
strong acidic and a strong oxidizing agent which ionizes 
easily into H+ and NO3

-. Furthermore, the HNO3 solution is 

easily evaporated and does not dissolve or damage the 
MWCNT structure. The functionalization process is carried 
out using the reflux method because the oxidation of HNO3 
depends on the temperature of the solution, where the 
temperature will affect the efficiency and effectiveness of the 
functionalization reaction. The reflux method will release Fe 
particles and cause defects on the MWCNT walls due to nitric 
acid. Consequently, the addition of strong acid is needed. The 
addition of a strong acid mixture such H2SO4 and HNO3 in the 
functionalization process will open the tubes which function 
to bind chemicals at the defect site, such as the formation of 
carboxylic groups (-COOH). Functionalization improves 
their wettability and enables their dispersion in polar 
media[33], [34]. 

 4Fe + 10H+ + NO3- 4Fe2+ + NH4+ + 3H2O  

B. Spectrophotometer UV-Vis Analysis Result 

The UV-Vis spectrophotometer analysis of MWCNT, 
MWCNT-COOH, and MWCNT-AgNPs are shown in Figure 
1. The purple line shows the characterization result of 
MWCNT, which is indicated by a low absorption peak at a 
maximum wavelength of ~ 220 nm. MWCNT-COOH 
characterization result is marked with a red line on the spectra, 
where there is one peak with a maximum wavelength of 261 
nm. The peak is the π-π* transition of the C-C aromatic 
ring[35]. The analysis results of the MWCNT-AgNPs 
composite (blue line) show that there is a characteristic peak 
of MWCNT at a maximum wavelength of 200 nm to 250 nm 
and there is a peak at a wavelength of ~ 260 nm. The analysis 
of the MWCNT-AgNPs composites using a UV-Vis 
spectrophotometer did not show any peak characteristics of 
Ag at a wavelength of 406 nm. These results will then be 
supported by the characterization of MWCNT-AgNPs 
composites using XRD and SEM-EDX. 

 
Fig. 1 Spectrophotometer Result UV-Vis of MWCNT, MWCNT-COOH, and 
MWCNT-AgNPs. 

 

C. X-ray Diffraction Characterization Result 

Analysis using XRD was carried out in order to 
characterize the crystals structure of MWCNT-COOH and 
MWCNT-AgNPs. The results of the XRD analysis of the 
MWCNT-COOH are shown in Figure 2. 
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Fig. 2 XRD Characterization of (a) MWCNT-COOH and (b) MWCNT-
AgNPs 

 
The result of MWCNT-COOH characterization in Figure 

2a. shows the presence of MWCNT peaks at 2θ ~ 25.70 and ~ 
44.20 with the main plane (002), and the additional plane 
(100). MWCNT has different chirality, consists of different 
layers and shows the same diffraction pattern in-plane (002) 
with graphite sheet. The peak (100) is formed due to the 
curved nature of the nanotubes[36]. 

Figure 2b shows the diffractogram results of the analysis 
of the MWCNT-AgNPs composite using XRD. The results of 
the analysis indicated the presence of Ag peaks at 2θ between 
30o and 40o. However, the main plane MWCNT peak (002) 
only appeared as a small, indistinct diffractogram at 2θ ~ 
25.70. The MWCNT diffractogram on the MWCNT-AgNPs 
composites is strengthened by the results of XRD analysis 
from MWCNT-COOH in Figure 2a. 

D. Scanning Electron Microscopy-Energy Dispersive X-ray 
Spectroscopy Characterization Result 

Analysis using SEM aims to determine the morphology of 
a material. This analysis can be combined with EDX as 
support to determine the chemical composition and % mass 
and % of atoms contained in the material. In order to enhance 
the morphology in the characterization, SEM-EDX analysis 
was performed by coating the samples of MWCNT-COOH 
and MWCNT-AgNPs with Au.  

The results of the FESEM-EDX characterization of 
functionalized MWCNT-COOH and MWCNT-AgNPs is 
shown in Figure 3. SEM visualization is used to study the 
morphology of MWCNT-COOH, where the purified 
MWCNT will have a more regular and uniform morphology. 
The reflux process using strong acids can reduce the Fe 
adhering to the tip of the MWCNT surface and reduce 
amorphous carbon that is not in the nanotubes form. 

 

 

 
Fig. 3 (a) SEM Characterization of MWCNT-COOH in 20.000x 
magnification and (b) SEM Characterization of MWCNT-AgNPs in 20.000x 
magnification. (c) EDX Characterization of MWCNT-COOH and (d) EDX 
Characterization of MWCNT-AgNPs 
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TABLE I 
FESEM-EDX COMPOSITION RESULT OF MWCNT-COOH 

Compound keV % Mass % Atom 

C 0.277 89.95 92.26 
O 0.525 10.05 7.74 

Based on the EDX characterization data shown in Table 1, 
there is no Fe element in MWCNT-COOH. This indicates that 
the Fe from the previous MWCNT synthesis has been 
completely separated from MWCNT. Carbon and little 
oxygen element were found in the EDX analysis of MWCNT. 
The presence of O element is due to the carboxylate group (-
COOH) formed in the MWCNT functionalization process. 
The smaller the amount of Fe attached to the surface tip of 
MWCNT-COOH, the smaller the toxicity level of MWCNT, 
which will increase the character of MWCNT-COOH 
corresponding to compatibility applications. 

The results of FESEM-EDX characterization of the 
MWCNT-AgNPs composite can be seen in Figures 3b and 3d. 
Based on the results of the MWCNT-AgNPs morphological 
visualization using FESEM, it can be seen obviously that 
AgNPs are homogeneously distributed into the MWCNTs 
matrix, which is shown as spherical shape and bright image 
of silver nanoparticles. These results are supported by data 
from EDX analysis which proves that the MWCNT-AgNPs 
composites have been successfully formed, marked by the 
presence of the C element from MWCNT and the Ag element, 
which is from AgNPs, where the mass percentage and atomic 
percentage can be seen in Table 2. 

TABLE II 
FESEM-EDX COMPOSITION RESULT OF MWCNT-AGNPS 

Compound keV % Mass % Atom 

C 0.277 76.95 96.77 
Ag 2.983 23.05 3.23 

E. Transmission Electron Microscopy (TEM) Analysis 
Result of MWCNT-AgNPs 

 
Fig. 4 (a) TEM analysis Result of MWCNT-AgNPs in scale bar of 200 nm, 
(b) Particle size distribution of MWCNT-AgNPs 

 
The TEM images of MWCNTs-AgNPs are demonstrated 

in Figures 4 (a). The presence of silver nanoparticles 
distributed on the surface of MWCNT is indicated by the 
small particles with a diameter of 3 – 7 nm and the particles 
size distribution of AgNPs calculated by ImageJ exhibiting a 
mean diameter of 4.66 nm ± 0.84 (Figure 4.b). The structure 
of MWCNT has an average diameter of 15-30 nm. It is 
observed that AgNPs tend to present onto the surface of 
agglomerated MWCNT compared with the surface of 
individual MWCNT. The increasing AgNPs distributed on 
the surface of MWCNT cause bent the structure of MWCNT 
due to a high tendency to aggregation of AgNPs to form 
clusters of silver nanoparticles. 

It is confirmed from TEM image that no isolated AgNPs 
appear around MWCNTs. This indicates that silver 
nanoparticles can be self-assembled on the functionalized 
MWCNT. This reveals that the surface functionalization of 
MWCNT enhances the surface binding sites and the 
dispersion. Moreover, strong chemical oxidation of MWCNT 
using H2SO4: HNO3 causes carboxyl groups on the MWCNT 
surface, allowing the interaction of Ag+ with carbonyl groups 
to form the nucleation AgNPs on the surface of MWCNT[37]. 

F. Raman Spectroscopy Result of MWCNT-AgNPs 

In order to get insights into the functionalization of 
MWCNTs, Raman spectroscopy has been applied to 
investigate the vibration of the MWCNT-AgNPs. It is shown 
in Figure 5. There are two prominent peaks with high intensity 
of Raman spectra of MWCNTs: the D band showing the 
defect structure observed at 1349.9 cm-1 and the G band 
showing graphite structure at 1586 cm-1, respectively. 

 

 
Fig. 5 Raman Spectra Result of MWCNT-AgNPs 

 
It appears from the Raman spectra of MWCNTs-AgNPs 

that the intensity of the D band is higher than that of the 
intensity of the G band. The ID/IG ratio obtained from the 
calculation of ID/IG (MWCNT-AgNPs) is 4470/2969 = 1.50, 
which has a good agreement with the previous work reported 
by Yusliza, Y., et.al.[38] The ID/IG ratio of MWCNT-AgNPs 
is higher than that of pristine MWCNTs, which exhibits that 
the distribution of AgNPS on the surface of MWCNTs causes 
defects in the MWCNTs structure[37]. The presence of a 
small D´ band as a shoulder peak on the right side of the G 
band escalates the D band's intensity owing to the increasing 
disorder of graphite structures. Besides that, the existence of 
2D band at 2690 cm-1 indicates the two phonons scattering 
which is susceptible to the purity and the defect of the 
MWCNTs [38]. 
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G. Application of MWCNT-AgNPs Composites as Drug 
Delivery System (DDS) 

 

 

 

 
Fig. 6 Application of MWCNTs-AgNPs as DDS for Ibuprofen (a) Standard 
solution of Ibuprofen with mass of 2, 3 and 4 mg (b) Relationship between 
wavelength absorbance of ibuprofen loading on MWCNT-AgNPs at 3, 6, 24 
and 27 hours, (c) Correlation between loading times with absorbance, (d). 
Relationship between Contact time with % drug loading of Ibuprofen. 

Figure 6 (a) shows the standard solution of Ibuprofen with 
the 2, 3 and 4 mg of the mass. Comparing Ibuprofen standard 
solution and Ibuprofen loading on MWCNT-AgNPs 
characterization with time variations 3 hours, 6 hours, 24 
hours, and 27 hours (denoted as T3, T6, T24, and T27) is 
depicted in Figure 6 (b). 

Based on the characterization results from UV-Vis 
spectrophotometer depicted in Figure 6 (a-b). It can be seen 
that the loading results at each time variation have the same 
results of the maximum peak of absorbance at the wavelength 
of 264 nm, which are the same peaks observed in the standard 
ibuprofen solution (Figure 6.a), so it can be said that the 
MWCNT-AgNPs composites can be used for loading drugs 
in DDS. Figure 6 (b) shows the increase in the absorbance 
value of the maximum wavelength obtained from drug 
loading on MWCNT-AgNPs with various time variations. 
The curve that continues to increase at each time shows that 
the longer the Ibuprofen's loading process on MWCNT-
AgNPs, the more absorbance is escalated (Figure 6.c), and 
this result indicates that MWCNT-AgNPs composites are 
effective as DDS of Ibuprofen. The drug loading percentage 
for ibuprofen solution by MWCNTs-AgNPs was 14.7%, 
19.3%, 30.5%, and 43.7% in contact time of 3, 6, 24 and 27 
hours, respectively (Figure 6.d). 

IV. CONCLUSION 

The MWCNT-AgNPs composites were successfully 
synthesized with in situ process. The results were confirmed 
by UV-Vis, XRD, and SEM-EDX spectrophotometers 
analysis. The MWCNT-AgNPs obtained are used for loading 
drugs in applications as a drug delivery system (DDS). Based 
on the results of UV-Vis spectra, there is a peak similarity 
between the ibuprofen standard solution and the ibuprofen 
loading on MWCNT-AgNPs, which indicates that MWCNT-
AgNPs can be very potential for drug loading in applications 
as DDS. The performance of the MWCNT-AgNPs composite 
as DDS at the drug loading stage increased along with the 
increasing drug loading time. 
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