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Abstract: This study synthesized a reduced graphene oxide-silica-based (rGO/SiO2) nanocomposite for 

quercetin delivery as an anticancer model drug delivery. The synthesized rGO/SiO2 nanocomposite was 

investigated by several characterization methods such as Fourier-transform infrared (FT-IR) 

spectroscopy, X-ray diffraction (XRD) analysis, and Transmission electron microscopy (TEM), and 

Energy-dispersive X-ray spectroscopy (EDX). The experiments result show that the rGO/SiO2 

nanocomposite has been synthesized successfully and has an average particle size of 50-120 nm. 
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1. Introduction 

Graphene, with vast, fascinating properties such as high mechanical strength, thermal, 

and electrical properties, and unique optical properties, is a potential applicant for use in several 

research fields [1]. But, the water-insoluble nature of graphene has limited its applications in 

biomedical and drug applications. Of course, graphene oxide (GO) and reduced graphene oxide 

(rGO), which are graphene derivatives and have graphene properties, can disperse in water, 

which is important for medical and medicine use [2, 3]. Graphene oxide (GO) is a derivative 

of graphene obtained by the oxidation of graphite, known as Hammer’s method [4, 5]. GO is 

an available and easily scalable material with unique properties such as electronics, energy 

storage and conversion, biotechnology, and nanocomposite materials. Also, GO has a vast 

surface area with high oxygen groups such as carboxylic acid, epoxide, and alcohol that let GO 

be dispersed in water under ultrasonic situations. These factors have led to GO receiving special 

attention in many applications [6, 7]. Due to the ability of π-π bonds and hydrophobic bonds 

between GO and aromatic structures, GO has a high capacity to absorb molecules and 

biological drugs with aromatic structures and has been considered for drug delivery purposes 

[7, 8]. Some studies have reported that graphene oxide has toxicity in vitro cell culture, and in 

animal studies, it should be coated on its surface with other nanoparticles [9, 10]. Silica 

nanoparticles are one of the most hopeful transfer systems agreed upon as nontoxic carriers 

and are a potential candidate for drug delivery [11-13]. Porous silica nanoparticles have unique 

properties as drug carriers, such as adjustable pores size, good temperature, chemical stability, 

and ligand binding capability [14, 15]. So, one of the nanoparticles that can be mounted on 

graphene oxide sheets and reduce their toxicity is silica compounds. 

In this paper, rGO/ SiO2 nanocomposite was synthesized for the delivery of quercetin 

as a drug model. Quercetin is an occurring flavonoid present in vegetables, fruits, and tea. The 
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studies of quercetin have shown several pharmacological activities, such as anti-inflammation, 

antibacterial, antitumor, and antioxidant, which have the potential to suppress many tumor-

related processes [16, 17]. Quercetin, like most flavonoids, is insoluble in water but soluble in 

ethanol. In addition, the usage of quercetin in pharmaceutical studies is limited due to chemical 

instability and short biological half-life [18-20]. One approach to overcome this obstacle is to 

use nanoparticles.  

2. Materials and Methods 

2.1. Materials and reagents. 

Tetraorthosilicates (TEOS, C8H20O4Si), graphite flakes, quercetin, potassium 

permanganate (KMnO4), hydrogen peroxide (H2O2), potassium bromide (KBr), sodium 

hydroxide (NaOH) are provided by Merck Company. 

2.2. Reduced graphene oxide preparation. 

Graphene oxide (GO) was synthesized by Hummer’s method [4]. Briefly, 200 mg of 

black graphite powder was added to 24 ml of concentrated sulfuric acid and stirred in an ice 

bath for 1 h. Then, 1.2 g KMnO4 was added to the mixing solution and stirred for another 15 

min. The mixing solution was transferred to room temperature, and stirring was continued for 

24 h. Then the temperature was  increased to 100 °C. 30 ml of distilled water was gradually 

added to the mixture to make sure the excess KMnO4 was removed [21]. 10 ml of distilled 

water and 5 ml of hydrogen peroxide (H2O2) were slowly added to complete the reaction at 

room temperature. The prepared GO was centrifuged at 8500 rpm for 10 min, washed with 5% 

HCl solution and deionized water several times, and dried in an oven at 60 ºC for 12 h. The 

GO was transferred into a Teflon-lined stainless steel autoclave, and the autoclave was done in 

an oven at 180 oC for 8 h. 

2.3. Preparation of silica-coated reduced graphene oxide. 

Silica-coated reduced graphene oxide (rGO/SiO2) was synthesized using solvothermal. 

In summary, 100 mg rGO and 1.679 g TEOS were dispersed separately in 10 ml ethanol using 

sonicate bath.  Then two suspensions were mixed and transferred into an oil bath at 40 °C and 

stirred for 10 min. 0.25 g ammonia was quickly added to the suspension and stirred for 15 h at 

room temperature. Finally, the rGO/SiO2 nanocomposite was separated by 8000 rpm 

centrifugation, washed with distilled water and ethanol several times, and dried in an oven at 

60 ºC for 24 h. To achieve the porous nanocomposite, calcination was transferred to an oven 

at 500 °C for 6 h.   

2.4. Preparation of quer-loaded rGO/SiO2 nanocomposite. 

50 mg rGO/SiO2 were dispersed in 5 mL ethanol under stirring at 500 rpm. 10 mg Quer 

was dissolved in 5 mL ethanol and then added to the suspension. The mixture was kept stirring 

for 24 h under dark conditions at room temperature. The Quer-loaded rGO/SiO2 nanocomposite 

was collected by centrifugation and washed with distilled water and ethanol to remove the 

unloaded Quer. Quer-loaded rGO/SiO2 nanocomposite dried in a vacuum oven at 35 ºC for 12 

h.  
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2.5. Physical loading of quer. 

5 mg of rGO/SiO2/Quer were redispersed in 10 mL of ethanol to determine the loading 

efficiency. Drug loading (DL) and encapsulation efficiency (EE) percentages were calculated 

by measuring the concentration of Quer in the supernatant by UV-Vis spectrophotometry at a 

wavelength of 374 nm. Then the amount of DL and EE was calculated using the equation (1) 

and (2), respectively: 

% DL =  
Weight of drug in nanocomposite

weight of nanocomposite
  ×100    (1)                                                                       

% EE =  
The total  drug − Free drug    

The total drug
 × 100       (2)                                                                                  

2.6. In vitro quer release study of rGO/SiO2 nanocomposite. 

The Quer release profile of rGO/SiO2 nanocomposite was investigated by dialysis bag 

in phosphate-buffered saline (PBS) solution including 0.5 % tween 80 and adjusted pH (pH 7.4 

and 5.4). 5 mg rGO/SiO2 nanocomposite was put into the dialysis sac (Mw 12 kDa) and 

immersed in 20 ml of PBS at 37 ºC under a shaker at 150 rpm (SI-1000, Heidolph, Germany). 

At specified times, 1.0 ml of solution was removed to measure the amount of Qure released 

using UV-Vis spectroscopy at 374 nm. To maintain the equilibrium of the solution volume, 1.0 

mL of fresh buffer solution was added. All studies were performed in three replications. 

3. Results and Discussions 

3.1. Characterization of the nanocomposite. 

3.1.1. FT-IR analysis. 

In Figure 1, the broad peak at 3438 cm-1 is assigned to stretching vibrations of the 

hydroxyl group of water. The main characteristic peaks of rGO are shown in figure 1 (A). The 

peaks at 1421 and 1577 cm-1 corresponded to the C=C bond (aromatic group) and C-O 

(carbonyl and carboxyl moieties) group of rGO, respectively [21, 22].  

 
Figure 1. FT-IR spectra of (A) rGO, (B) rGO/SiO2, and (C) rGO/SiO2/Quer. 
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By comparing figures 1 (A) and (B), can be seen new peaks at 1084, 798, and 462 cm-

1 in the FT-IR spectrum of GO/Si, which is related to asymmetric stretching, symmetric 

stretching, and vibration modes of Si-O-Si bonds that demonstrate SiO2 on the surface of rGO 

sheets. The FT-IR spectrum of rGO/SiO2/Quer is shown in  figure 1 (C). Quer’s peaks 

overlapped with a broad peak at 1084 Si-O-Si bonds, but characteristic bands of Quer were 

detected. The low-intensity band at 1325 cm−1 was attributed to the OH bending of the phenol 

functions. The out-of-plane bending band of C–H in aromatic hydrocarbon was detectable at 

933 cm−1. However, Quer addition caused a slight change in intensity and the downward offset 

of the Si-O-Si bands; these changes could be due to interactions between the inorganic matrix 

and the quercetin, which caused variations in bond length, and, thus, bond strength [23, 24]. 

3.1.2. XRD analysis. 

XRD technique was performed to investigate and identify the crystallinity of the 

structure of rGO/SiO2 nanoparticles [25]. The rGO/SiO2 XRD pattern is shown in figure 2. The 

wide peak at 2ϴ: 24.6̊ is related to rGO, and the widening of the peak can indicate its 

amorphous structure [26]. The peak of 2̊ is also related to the structure of mesoporous silica 

[27]. 

 

Figure 2. XRD patterns of rGO/SiO2. 

3.1.3. Morphological characterization. 

The rGO/SiO2 nanocomposite morphology was investigated via TEM (figure 3). The 

average particle size is between 70 - 80 nm. As seen in the TEM structure, the structure of rGO 

and silica are placed together. Silica nanoparticles are visible in a porous form in the TEM 

image, and reduced graphene oxide nanoparticles can be seen in a smoother form [28, 29]. 
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Figure 3. TEM image of rGO/SiO2 nanocomposite. 

3.1.4. EDX analysis. 

EDX analysis was used to observe the distribution of silica nanoparticles on rGO layers. 

It can be seen that SiO2 nanoparticles have covered almost the entire surface of the rGO layers. 

The distribution of SiO2 on the surface of rGO sheets can be seen [30-32]. 

 

 

Figure 4. EDX images of rGO/SiO2 nanocomposite. 

3.2. Drug loading and in vitro release study of the drug. 

Quer was selected as a model drug for the investigation of DL and release profile of 

rGO/SiO2/Quer as a nanocarrier. DL and EE % were calculated at 27 and 60 %, respectively. 
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In Figure 5, the release profile of Quer from rGO/SiO2/Quer nanocomposite and free Quer can 

be seen in natural and acidic conditions (pH 7.4 and 5.4, respectively). As shown in Figure 5, 

the free drug had a fast release, whereas rGO/SiO2/Quer nanocomposite is shown a controlled 

and sustained drug profile. In addition, due to the easier cleavage of the chemical bond between 

the drug and the nanocomposite in an acidic medium, the amount of release of Quer in an acidic 

medium is higher than in a neutral medium. Since the environment of cancer cells is acidic, 

this character of the nanocomposite, rGO/SiO2 nanocomposite, can be useful for cancer drug 

delivery [33, 34]. 

 
Figure 5. In vitro release profile of Quer (A pH 7.4 and B pH 5.5) and rGO/SiO2/Quer (C pH 7.4 and D pH 5.5). 

Each data point represents the mean ± S.D. (n = 3). 

4. Conclusions 

In summary, this project synthesized reduced graphene oxide with silica-coated 

(rGO/SiO2) as a drug delivery nanocarrier. The release profile of the designed system to deliver 

quercetin as a drug model was investigated in acidic and neutral environments. The release of 

acidic pH is greater than in the natural. Consequently, results suggest that rGO/SiO2 can be a 

good candidate for the anticancer drug delivery system. 
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