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Abstract 

We demonstrate the synthesis of the firmly bonded reduced graphene oxide (RGO)@Si 

nanocomposites via the magnesiothermic reduction of the graphene oxide (GO)@SiO2 

nanocomposites. The uniform deposition of SiO2 layer on the GO nanosheets is achieved 

via the controllable TEOS hydrolysis, which is the prerequisite for the synthesis of 

uniform RGO@Si nanocomposites. When used as an anode material for lithium-ion 

batteries, the as-synthesized RGO@Si nanocomposites show high reversible capacity and 

good cycling performance, which is better than bare Si nanoparticles and Si/RGO 

nanocomposites synthesized from physical blending Si nanoparticles and RGO 

nanosheets. It is believed that the improved electrochemical performance can be  

attributed to the novel uniform nanostructure and the introduction of RGO multilayers 

that can mitigate the volume expansion/contraction and enhance the electronic 

conductivity of Si anode materials. 

Keywords: Graphene-silicon nanocomposites, Magnesiothermic reduction, Anode 

materials, Lithium-ion batteries  

1. Introduction 

Lithium-ion batteries (LIBs) have been widely used as an energy storage system for 

portable electronic devices, and considered as the primary candidate for upcoming 
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electric/hybrid vehicles due to their high energy density, good cycle life, and good power 

performance [1-2]. However, the limited gravimetric capacity (372 mAhg-1) of graphitic 

materials has driven the intense research toward new anode materials with a large capacity 

at low potentials for LIBs [3]. Silicon (Si) has the greatest lithium storage capacity per unit 

mass (4200 mAhg-1) and low discharge potential (0.37 mV vs. Li/Li+), which is regarded as 

one of the most promising potential candidates to replace graphite anode [4-5]. 

Unfortunately, practical applications of Si anode material has not been realized due to the 

huge volume change (>300%) during the lithiation/delithiation process and the low 

intrinsic electrical conductivity, leading to poor cyclability and rate capability [6]. 

Significant efforts have been made to improve the performance of Si anodes. One 

strategy is to prepare Si nanostructures of various morphologies, including Si 

nanoparticles [7-8], Si nanowires [9-10], andporous Si materials [11-12], which can 

accommodate the volume change during the lithiation/de-lithiation process. Another 

effective strategy is the combination of Si with carbon, which is intended to provide good 

electrical conductivity, good chemical and electrochemical stability, and acts as a buffer 

layer to accommodate the large volume change of Si anodes [13-14]. In these approaches, 

the Si/C composite anodes show their potential in improving the overall electrochemical 

performance by combining the advantages of different carbon networks and Si [15-18]. 

Graphene, a two-dimensional structure composed of carbon atoms, has garnered 

remarkable attention due to its unique physical and chemical properties such as excellent 

electrical conductivity, large theoretical surface area, good mechanical flexibility and 

superior chemical stability [19-20]. Recently, graphene has been demonstrated as an 

active matrix for the preparation of Si/graphene nanocomposites to improve the 

electrochemical performance of Si-based anodes [21-30]. The enhanced electrochemical 

performance can be attributed to the advantages that graphene can not only enhance the 

electrical conductivity and provide a support for Si nanostructures, but also constrain the 
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large volume change during the lithiation/de-lithiation process. Many methods, such as 

physically blending the pre-synthesized Si nanocrystals and graphene/graphene oxide 

[21-23, 25-26], chemical vapor deposition (CVD) [29], covalent binding via aromatic 

linkers through diazonium chemistry [30] have been reported to synthesize Si/graphene 

nanocomposites. For example, Zhu et al. synthesized a composite of nano-Si particles 

embedded homogeneously in graphene nanosheets electrode by using a simple 

discharge-plasma-assisted milling (P-milling) method, which exhibited good cycling 

performance and high capacity [22]. Chang and coworkers successfully built a novel 

Si-based anode architecture by assembly of alternating Si/reduced graphene oxide (RGO) 

layers on porous Ni Foams, which exhibited a high reversible capacity and excellent rate 

capability due to the role of multilayer structures and the high conductive of graphene 

networks [23]. Wen et al. reported a graphene-bonded and -encapsulated Si anode 

synthesized by an aerosol method, which delivered capacities of 2250 mAh g−1 at 0.1 

Ag−1 and excellent rate capability of 700 mAh g−1 at 1.2 Ag-1 [24]. However, many 

difficulties still exist in the preparation of these Si/graphene anode materials. Firstly, the 

physical approach is difficult to obtain the homogeneous and stable Si/graphene 

nanocomposites. As a result, direct blending of graphene with Si can’t form a distinct 

association between them and lithium diffusion could be hindered by sluggish ion 

diffusion for the detaching of Si and graphene sheets [31-32]. Secondly, the utilization of 

graphene by mechanical peeling-off of graphite and the CVD method may be complex, 

time-consuming and costly, which may hinder their further applications. Therefore, it is 

crucial to develop a facile approach to prepare homogeneous and firm-bonded 

Si/graphene nanocomposites as an advanced anode materials for high-performance LIBs. 

  In this work, we design the RGO@Si nanocomposites via a simple in-situ 

magnesiothermic reduction of pre-synthesized graphene oxide (GO)@SiO2 composites as 

an anode material for LIBs. Graphene oxide is a promising precursor for the creation of 
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carbon-based nanostructures because it can be synthesized in large quantities by 

oxidizing inexpensive graphite powders and can be reduced through different methods to 

obtain tailored properties by controlling the reduction conditions [33]. Meanwhile the GO 

nanosheets are functionalized with plenty of hydroxyl, epoxy, and carboxyl moieties, 

which can facilitate the homogeneous deposition of SiO2 in aqueous solution. 

Furthermore, the interconnected RGO layers provide a matrix to buffer the volume 

change and a conductive network to enhance the conductivity, which lead to the 

improved performance. Herein, the simple in-situ magnesiothermic reduction of the 

pre-synthesized SiO2/GO composites is an effective strategy for the production of 

firmly-bonded and uniformly dispersed Si/graphene composites, which can offer large 

specific surface area and pathway for lithium transport and reaction, leading to a better  

cycling and rate performance. 

 

2. Experimental 

2.1. Synthesis of GO@SiO2 nanocomposites 

The graphene oxide (GO) with the thickness of 0.8~1.2 nm and the diameter of 500 

nm~5 µm (purity >99 wt.%) was synthesized via the Hummers method by Nanjing 

XFNANO Materials Tech Co., Ltd. The as-prepared GO nanosheets were coated with 

SiO2 via the TEOS hydrolysis similar to our previous paper [34]. Briefly, 30 mg GO was 

dispersed in a solution of 200 mL ethanol, 15 mL de-ionized water, and 15 mL 

concentrated ammonia aqueous solution (25 wt.%). After ultrasonic dispersing by a 

ultrasonic cell crusher (JY92-ΙΙDN, NINGBO SCIENTZ BIOTECHNOLOGY Co., Ltd.) 

for 60 min, followed by the dropwise addition of the silica precursors (TEOS, 4-12 mL, 

10 vol %). The mixture was stirred vigorously at room temperature for 6 h，and ultrasonic 

dispersed for 2 min once every 2 h. After the coating process, the mixture was 

centrifugalized, washed copiously with ethanol, and dried at 60 °C in the vacuum oven. 
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2.2. Synthesis of RGO@Si nanocomposites 

The RGO@Si nanocomposites were synthesized via a typical in-situ magnesiothermic 

reduction process. Briefly, the as-prepared GO@SiO2 was mixed with magnesium 

powder (30 µm in size) by grinding (mass ratio 5:4) for 1 h. Subsequently, the mixture 

was heated to 650 °C for 7 h at a heating rate of 5 °C min-1 under an argon atmosphere 

(with 5 vol % H2) in a tube furnace (SK-GO6123K, TIANJING ZHONGHUAN 

Experiment Electric Furnace Co., Ltd. of China). After cooling down to room 

temperature, the powder was washed with HCl (0.2 mol L-1) and HF (1 vol %) acid 

solution for 12 h. Final product was collected by centrifugalization in deionized water 

and alcohol for three times, and then vacuum dried at room temperature. 

2.3. Characterization and electrochemical measurements  

The crystal structures of the products were identified by a high power X-ray diffraction 

(XRD) using a Rigaku D/max-ga X-ray diffractometer with graphite monochromatized 

Cu Kα radiation (λ = 1.54178 Å). The morphology and structure of the products were 

evaluated by scanning electron microscopy (FESEM HITACH S4800), Transmission 

electron microscopy (TEM HITACHI HT-7700 100 kV) and High-resolution 

transmission electron microscopy (HRTEM FEI Tecnai G2 F20 200kV). The X-ray 

photoelectron spectroscopy test was performed using a Thermo ESCALAB 250Xi 

spectrometer with a monochromatic Al Kα line (1486.6eV). The Raman experiments 

were performed with a HR800 Raman spectrometer using the 514 nm line of an Ar ion 

laser operated at 10 mW. 

Electrochemical measurements were carried out using two-electrode cells with lithium 

metal as the counter and reference electrodes. The working electrodes were composed of 

the active material (RGO@Si nanocomposites), conductive material (acetylene black, 

ATB), and binder (Carboxymethylcellulose sodium, CMC) with a weight ratio of 70: 15: 

15. The uniform slurry was obtained after dissolving the three materials in the de-ionized 
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water. Then the slurry was pasted onto the copper foils. After dried in the vacuum at 

120 °C for 12 h, the half-cells were assembled in a glovebox (Mbraun, Labstar, Germany) 

under argon atmosphere (99.999%) in the presence of an oxygen scavenger and sodium 

as a drying agent. The electrolyte solution was composed of 1M LiPF6 in ethylene 

carbonate/dimethyl carbonate (EC/DMC, 1:1 in volume). Cyclic voltammetry (CV) data 

were recorded on an Arbin BT 2000 system at a scan rate of 0.1 mVs-1. The electrodes 

were measured by using a galvanostatic discharge–charge method at a current density of 

200 mAg-1 in the potential range of 0.001~2.0 V at room temperature on a Land 

CT2001A system. 

 

3. Results and discussion 

The synthetic procedure is schematically illustrated in Fig. 1. The raw graphene oxide 

was firstly coated with SiO2 through a TEOS hydrolysis method, leading to uniform 

GO@SiO2 nanosheets. Afterwards, magnesiothermic reduction and subsequent acid 

washing were carried out to prepare the firmly bonded RGO@Si nanocomposites. 

The synthetic process and crystal structure of RGO@Si nanocomposites can be further 

identified by the XRD pattern (Fig. 2a) and Raman spectrum (Fig. 2b). As can be seen 

from the Fig.2a, the peaks of the primitive materials are consistent with graphene oxide 

[35]. After the coating of SiO2, a broad peak at ~23° can correspond to amorphous 

cristobalite, while the peak intensity of graphene oxide is weaken, indicating the coating 

of SiO2 layer. After the magnesiothermic reduction and acid washing process, the final 

product gives three peaks located at 28.3°, 47.3° and 56.1°, indexed as the {111}, {220} 

and {311} planes of cubic Si (JCPDS no. 27-1402), respectively. Simultaneously, a broad 

peak at ~22° is corresponding to the reduced graphene oxide (RGO) due to the thermal 

reduction process [36]., A strong Van der Waals’ force between the graphene sheets 

decreases the layer spacing, which can prevent Si nanoparticles detachment from RGO 
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films. As for the Raman spectrum (Fig. 2b), the final products show an intense peak at 

518 cm-1, which is related to the crystalline Si nanoparticles [37]. In addition, two typical 

peaks at ~1340 cm-1 and ~1580 cm-1 represent the D and G bands of RGO. It should be 

mentioned that the intensities of D and G peaks are similar, indicating that the RGO 

contains a large number of defects. It was reported that the defects on RGO sheets 

generated during the fabrication process (e.g., oxidation and reduction) could provide Li 

diffusion channels, and allow electrolytes to penetrate easily into the RGO and react 

electrochemically with Si NPs during the charge/discharge process [23]. 

Fig.3a and b show the typical TEM images of the raw GO, revealing a rippled and 

curled morphology consisting of a thin wrinkled paper-like structure. It can be found that 

the GO sheet exhibits a thickness of 1~2 nm with a smooth surface. After the coating of 

SiO2, the surface of the GO sheet turns into rough and the highly loaded GO@SiO2 

nanocomposites has been formed (Fig. 3c and d). It should be mentioned that no isolated 

SiO2 nanoparticles are observed except for the surface of the GO sheet, indicating the 

synthesis of uniform GO@SiO2 nanocomposites. The magnesiothermic reaction can be 

employed to obtain crystalline Si from amorphous SiO2 [38], meanwhile，the GO can be 

converted into RGO in this reducing atmosphere at the same time. Herein, we use the 

magesiothermic reaction to prepare uniform RGO@Si nanocomposites from GO@SiO2 

nanosheets. Fig. 4a and b show the SEM images of the products after a magnesiothermic 

reaction and acid pickling. It can be seen that the RGO@Si nanocomposites shows a 

similar morphology with the GO@SiO2 nanosheets, indicating that the overall structure 

of the nanocomposites is retained after the thermal reduction. From the TEM images (Fig. 

4c and d), we can see that the SiO2 nanoparticle on the sheet has been transformed into Si 

nanoparticles with the diameters of 5~30 nm, which adheres closely on the whole surface 

of RGO sheet. The Si nanoparticles are homogeneously anchored on the sheet and stand 

certain spacing with each other. In addition, there is almost no isolated nanoparticles 
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expect for the surface of RGO, indicating the synthesis of uniform RGO@Si 

nanocomposites. The structure of the RGO@Si nanocomposites was further confirmed by 

the selected area electron diffraction (SEAD) pattern (inset in Fig. 4e). There are three 

diffraction rings in this pattern corresponding to the {111}, {220} and {311} planes of Si, 

respectively. Some bright spot in the pattern is corresponding to the single-crystalline Si. 

Fig. 4f shows the HRTEM image of an individual RGO@Si nanosheet. As observed, it 

clearly shows the continuous fringes in the same orientation, indicating the attached 

nanoparticle is crystalline and the lattice spacing of 0.32 nm corresponds to the {111} 

plane of Si, further confirming the deposition of Si nanoparticles.  

For comparison, Si/RGO nanocomposites were also prepared by physically blending 

pre-synthesized Si nanoparticles and graphene nanosheets. Briefly, the pre-synthesized Si 

nanocrystals and GO suspension were mixed to synthesize the Si/GO nanocomposites. 

Then, the nanocomposite were reduced under the same experimental conditions to obtain 

the Si/RGO nanocomposites [32] (Fig. 5). As can be seen, the Si NPs with diameters of 

about 5–20 nm were distributed randomly on the RGO sheet, and uniform deposition 

can’t be achieved due to the serious aggregation of Si NPs. According to the previous 

research，Si NPs do not mix well with graphene oxide aqueous suspension and thus create 

severe segregation of the materials [39]. Therefore, uniform deposition of SiO2 layer and 

subsequent in-situ reduction process are necessary for the strong interaction between Si 

NPs and RGO sheets, which is also prerequisite for the synthesis of uniform RGO@Si 

nanocomposites. 

Fig. 6 shows the FESEM image and EDX pattern of the as-synthesized firmly bonded 

RGO@Si nanocomposites. It can be seen that the nanoparticles show a high density on 

the surface of RGO sheet (Fig. 6a). Moreover, Si NPs have been uniformly deposited 

onto the surface of RGO nanosheet and no additional nanoparticle agglomeration can be 

observed, which is consistent with the TEM image (Fig. 4c). The elements C, O and Si 
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are expected from the RGO and Si NPs with a weight ratio of 19:5:26 (Fig. 6b), 

indicating that the content of carbon is about ~40 wt. %. It should be mentioned that the 

existed O may come from the O-functionalities of RGO, and natural oxidation of Si NPs. 

XPS analysis was employed to further confirm the transformation from GO@SiO2 

nanosheets to RGO@SiO2 nanocomposites (Fig. 7). From the C1s XPS spectra (Fig. 7a), 

It can be seen that the binding energy of C1s peaks were assigned to sp2 carbon with 

carbon neighbors (284.5 eV), carbonyl carbon (C=O, 286.7 eV), carboxylate carbon 

(O-C=O, 289.0 eV) [40]. The XPS spectrum of Si2p is straightforward. The pristine 

GO@SiO2 nanosheets displayed a broad peak attributed to the Si-O bonds of SiO2 layers 

(Fig. 7b). After the reduction process and subsequent acid treatment, the peak of SiO2 

disappears and the peak of Si emerges (~99 eV), confirming the reduction of SiO2 [41]. 

The semiquantitative analysis was also performed to investigate the carbon content of the 

RGO@Si nanocomposites. It suggests that the content of carbon is ~ 41 wt.% in the 

active materials, which is roughly consistent with the EDX value. 

In order to illustrate the superiority of as-prepared firmly bonded RGO@Si 

nanocomposites, we examine their lithium storage performance as an anode material for 

LIBs. Fig. 8a shows the current-voltage (CV) curves for the RGO@Si nanocomposites 

with a potential range of 0.001~2.0 V (vs. Li+/Li) at a scanning rate of 0.1 mVs-1. The CV 

curves are in good agreement with the previously reported Si/graphene nanocomposite 

anode [42]. In the first cycle, a distinct broad peak located at ~0.8 V in the charge profile 

is ascribed to the formation of the SEI films on the surface of the nanocomposites. 

Another peak appears at ~0.2 V represents the insertion of lithium ion to form a series of 

LixSi, which is the typical peak of Si anode. In the anodic process, two broad peaks at 

~0.4 and 0.5 V represent the delithiation process. In addition, the CV curve of the third 

scan is well overlapped with that of the second one, suggesting the high reversibility of 

the following lithiation/de-lithiation process. Fig. 8b shows the 1st, 2nd, 3rd and 10th charge 
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and discharge curves of RGO@Si nanocomposites at a current density of 200 mAg-1 in 

the voltage range of 0.001~2.0 V. The initial discharge and charge capacities of the 

RGO@Si nanocomposite anode are approximately 2677 and 1424 mAhg-1, respectively, 

indicating an initial Coulombic efficiency of 53%. It should be mentioned that such a low 

initial Coulombic efficiency was reported in various Si/graphene anode materials [21-22, 

27]. It is indicated that the multilayer structure and extremely large surface area 

contributes a lot to the irreversible SEI films. The reaction of oxygen-containing 

functional groups on RGO with lithium ions and silicon oxide on the surface of Si NPs 

may also lead to the low initial Coulombic efficiency [23]. In addition, many lithium ions 

were trapped in the loss contact LixSi parts at the first discharge process during the low 

potential zone, which can’t be extracted again during the charge process at the applied 

current (200 mA/g) and potential (2V vs. Li/Li+). At the 30th cycle, the RGO/Si 

nanocomposites electrode delivered 1226 mAhg-1 with about 86% capacity retention, 

indicating the high reversibility. 

To illustrate the advantages of architectures on electrochemical performance, the 

cycling performance of bare Si NPs, RGO nanosheets, Si/RGO and RGO@Si 

nanocomposites has been compared at a current density of 200 mAg-1 (Fig. 8c). It is 

obvious that the Si NPs show the rapid capacity decay from 1988 to 241 mAhg-1 just after 

8 cycles. The RGO nanosheets show better reversibility than the Si NPs while the 

reversible capacity and initial Coulombic efficiency is relatively low (~30%). Meanwhile, 

the Si/RGO nanocomposites prepared from physical blending Si nanoparticles and RGO 

nanosheetsshow capacity decay from 1844 to 435 mAhg-1 after 100 cycles, which may be 

attributed to the detachment between Si NPs and RGO. For comparison, the RGO@Si 

nanocomposites show less capacity fading and a capacity of ~1000 mAhg-1 is achieved 

after 100 cycles at 200 mAg-1, which is three times higher than the limited gravimetric 

capacity of graphite (372 mAhg-1) and better than the other three materials.  
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In order to evaluate the effects of RGO, the cycling performance of the RGO@Si 

nanocomposites with different amount of RGO has been compared. The carbon content 

can be tuned by varying the amount of TEOS, with the other parameters unchanged. Fig. 

8d shows the discharge capacities versus cycle number for RGO@Si nanocomposites 

with different carbon content at current density of 200 mAg-1. As can be seen, the 

samples with only 20% carbon shows rapid capacity decay from 1616 to 480 mAhg-1 

after 100 cycles, which may be due to the severely aggregation of Si NPs and many Si 

NPs would not be anchored on the RGO sheets. Otherwise, the samples with more 

amount of carbon (40% and 60%) both exhibited better reversibility than the samples 

with less amount of carbon (20%). Although the increased carbon content significantly 

decreased the specific capacities, while the reversibility of nanocomposites can be 

improved. Therefore, the combination of RGO can not only enhance the electric 

conductivity but also buffer the pulverization of Si upon lithiation, which may be 

responsible for the good cyclic stabilities. 

Fig. 8e shows the discharge and charge capacities of RGO@Si nanocomposites at 

current density between 200 and 3200 mAg-1. From this curve, the RGO@Si 

nanocomposites show a capacity of ~1150 mAhg-1 at 200 mAg-1 and change to 1040, 940 

and 800 mAhg-1 when the current density increases to 400, 800 and 1600 mAg-1. Even at 

a current density as high as 3200 mAg-1, the nanocomposite electrode is capable of 

delivering a stable capacity of ~ 670 mAhg-1. When the current density has been reset to 

400 mAg-1, nearly 87 % of the initial capacity (about 900 mAhg-1) can be recovered, 

indicating the good rate capability of the as-prepared RGO@Si nanocomposites. The 

high capacity, good cycling performance and enhanced rate capability are likely due to 

the novel uniform and multilayer structures, which can buffer the volume change and 

give more reacting sites for lithium ions. Furthermore, the continuous and curly RGO 

films can enhance the electronic conductivity of the active materials and provide high 

Page 11 of 23 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 12 

mechanical stability. Moreover, the strong bonding force between Si NPs and RGO layers 

facilitate the stability of the nanocomposites during the charge/discharge process. The 

above-mention reasons may lead to the good electrochemical performance.  

To further investigate the mechanism of the enhanced electrochemical performance, 

the electrochemical impedance spectra of the RGO@Si nanocomposites and bare Si NPs 

were measured in Fig. 8f. The Nyquist plots for the above two electrodes both display a 

straight line in the low frequency region and a depressed semicircle in the high frequency 

region. The depressed semicircle in the high-to-medium frequency region is related to the 

SEI film (RSEI) and the charge-transfer resistance (Rct) through the electrode/electrolyte 

interface. The inclined line in the low frequency region corresponds to the Warburg 

impedance (Zw) during the solid-state lithium-diffusion process in the electrode materials 

[43]. It is obvious that the diameter of the semicircle in the RGO@Si nanocomposite 

electrode is significantly smaller than that of the bulk Si particles, indicating the ease of 

charge transfer during the lithiation/delithiation process. These results indicate that the 

presence of RGO nanosheets can dramatically improve the electric conductivity and 

facilitate the formation of a stable and dense SEI film, which leads to the improved 

performance of RGO@Si nanocomposite electrodes. 

 

4. Conclusions 

In summary, firmly bonded RGO@Si nanocomposites were successfully synthesized 

via the magnesiothermic reduction of pre-synthesized GO@SiO2 nanocomposites. The 

synthesis of uniform GO@SiO2 nanosheets and subsequent in-situ reduction process play 

the key role in the formation of firmly bonded RGO@Si nanocomposites. The 

as-synthesized RGO@Si nanocomposites were evaluated as anodes for LIBs, which 

exhibited high reversible capacity, excellent cycling performance and good rate capability. 

The performance is extremely better than bare Si nanoparticles and Si@RGO 
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nanocomposites. The novel uniform nanostructure and the introduction of RGO 

multilayers can mitigate the volume expansion/contraction and enhance the electronic 

conductivity, which may be responsible for the enhanced performance. 
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Fig. 1 Schematic illustrating the synthetic procedure for making firmly bonded RGO@Si 

nanocomposites 

 

 

 

 

 

 

 

 

 

Fig. 2 (a) XRD patterns of the bare graphene oxide (GO), GO@SiO2 and RGO@Si 

nanocomposites, (b) Raman spectrum of the RGO@Si nanocomposites 
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Fig. 3 TEM images of the (a) low and (b) high-magnification of raw GO, (c) low and  

(d) high-magnification of GO@SiO2 nanocomposites. 
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Fig. 4 Morphological characterizations of the as-synthesized RGO@Si 

nanocomposites : (a) low and (b) high-magnification SEM images, (c) low and (d) 

high-magnification TEM images, (e) and (f) HRTEM images 
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     Fig. 5 Morphological and structural characterizations of as-prepared Si/RGO 

nanocomposites fabricated from the pre-synthesized Si nanocrystals and GO suspension 

under the same experimental conditions: (a) low and (b) high-magnification SEM images. 
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Fig. 6 FESEM image (a) and EDX pattern (b) of the as-synthesized uniform RGO@Si 

nanocomposites 

 

 

 

 

 

 

 

 

 

Fig. 7 XPS spectra for the samples formed in the synthesis process of RGO@Si 

nanocomposites (a) The C1s spectra, (b) The Si2p spectra 
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Fig. 8 (a) Current-voltage (CV) curves for the first three cycles of the RGO@Si 

core-shell nanocomposites; (b) The voltage profiles of the porous RGO@Si 

nanocomposites anode at 200 mAg-1 between 0.001 and 2 V; (c) Charge and discharge 

capacities as well as Coulombic efficiency as a function of cycle numbers of the 

RGO@Si nanocomposites, bulk Si, RGO and Si/RGO nanocomposites at a current 

density of 200 mAg-1 between 0.001 and 2.0 V at room temperature; (d) Cycling 

performance of RGO@Si nanocomposites electrodes with different amount of carbon; (e) 

Rate performance of uniform RGO@Si nanocomposites electrode with a carbon content 
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of 60%; (f) Impedance measurements of bulk Si electrode and RGO@Si nanocomposites. 
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