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ii) chemical doping, such as substitutional doping with het-
eroatoms, [ 6 ]  or molecular doping [ 7 ] . In particular, substitu-
tional doping is a very stable way to tailor the electrical and 
chemical properties of graphene. Due to the size limitation, 
the most adjacent neighbors of carbon in the periodic table of 
the elements, i.e., boron and nitrogen, are the best choice for 
achieving substitutional doping due to their similar sizes when 
compared with carbon. Accordingly, both experimental and the-
oretical research on N-doped and B-doped graphene have been 
extensively carried out. [ 8 ]  For other adjacent atoms (e.g., S, P, 
Si), the substitutional dopants will protrude out of the graphene 
plane due to the size limitation effect. [ 9 ]  So far, S-doped [ 10 ]  and 
P-doped [ 11 ]  graphene have been experimentally obtained. How-
ever, to the best of our knowledge, Si-doped graphene (SiG) 
has not been intentionally synthesized so far. Nevertheless, 
Chisholm et al. successfully identifi ed Si atoms in the graphene 
lattice with annular dark-fi eld (ADF) imaging in a scanning 
transmission electron microscope. The source of Si dopants 
in their case is likely the glassware used to process graphene 
oxide. [ 12 ]  In addition, during the chemical vapor deposition 
(CVD) growth of pristine (or undoped) graphene, Si impurities 
derived from the quartz tube reactor or SiO 2 /Si wafers can also 
be occasionally detected in the fi nal products, but this is not a 
controllable approach for producing SiG. [ 13 ]  Furthermore, SiG 
might possess unique and attractive properties, as predicted by 
theoretical calculations. [ 13,14 ]  For instance, density functional 
theory (DFT) calculations demonstrated that SiG can be used 
as an effi cient metal-free catalyst for oxygen reduction reactions 
(ORRs), [ 15 ]  nitrogen monoxide (NO) reduction, [ 16 ]  etc. Si-doping 
in graphene has been theoretically predicted to increase the 
amount of physisorbed hydrogen dramatically. For example, 
10 at% Si-doping in graphene could increase the hydrogen 
storage capacity from 0.8 to 2.4 wt%, thus showing great poten-
tial in storing hydrogen. [ 17 ]  In addition, when compared with 
pristine graphene (PG), SiG could serve as a more effi cient gas 
sensing material because it is signifi cantly more reactive when 
absorbing some toxic molecules, such as CO and NO 2 . [ 18 ]  

 Graphene-enhanced Raman scattering (GERS) is now 
becoming a useful technique for detecting trace amounts of 
organic molecules, which is inspired by surface-enhanced 
Raman scattering (SERS), although it is driven by a different 
mechanism. [ 19 ]  PG has been proved to be an excellent SERS sub-
strate that can effi ciently suppress the fl uorescence background 
from some organic molecules (e.g., rhodamine 6G, protopor-
phyrin IX) [ 20 ] . Furthermore, our recent work has demonstrated 
that the substitutional doping of graphene with heteroatoms 

  Following the isolation of graphene in 2004, [ 1 ]  the idea of doping 
graphene emerged and it is now possible to alter the electronic 
and chemical properties of graphene by using this approach. 
In recent years, graphene doping has become a very hot topic 
and reviews summarizing recent achievements can be found 
in the literature. [ 2 ]  Based on the way the Fermi level shifts, 
doped graphene could be classifi ed into two main categories: 
i) electrical doping, such as gate-controlled doping, [ 3 ]  metallic 
cluster-induced doping [ 4 ]  or substrate-induced doping; [ 5 ]  and 
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N (e.g., nitrogen) can remarkably enhance the GERS. [ 8d ]  As men-

tioned above, Si-doping could favor the enhanced adsorption 
of different molecules onto graphene, and thus may lead to a 
signifi cant improved GERS effect. However, due to the inac-
cessibility of large-area SiG sheets, there are almost no reports 
on the GERS effect using SiG. In this work, we report a facile 
and controllable synthesis of large-area SiG sheets for the fi rst 
time using a bubbler-assisted ambient-pressure chemical vapor 
deposition (AP-CVD) setup. Their excellent GERS characteris-
tics were demonstrated using crystal violet (CRV), rhodamine 
B (RhB) and methylene blue (MB) as probe molecules. This 
enhanced GERS signal of SiG was elucidated using ab initio 
calculations. 

 Large-area SiG sheets were synthesized using methoxytri-
methylsilane (MTMS, C 4 H 12 OSi) and hexane as silicon and 
carbon precursors, respectively. The vapor of liquid precursors 
(MTMS + hexane) was transported to the CVD reactor by bub-
bling argon. The feeding rate of precursors can be well controlled 
by bubbling gas with a mass fl ow controller (MFC). Copper 
foils (99.8% purity, 25 µm thick) were used as substrates for the 

growth of SiG. More details can be found in the Experimental 
Section and Figure S1 in the Supporting Information.  Figure    1  a 
depicts a typical photograph of a SiG sheet grown on a copper 
substrate. Due to the high transparency of the SiG monolayer, as-
grown specimens show almost the intrinsic appearance of orig-
inal copper foil. More importantly, the SiG sheets can be easily 
transferred from the foils to different substrates, such as SiO 2 /
Si wafers, quartz slides, etc. With the protection of polymethyl 
methacrylate (PMMA) layers, the size and shape of transferred 
SiG sheets can be preserved and controlled. Figure  1 b,c show the 
SiG sheets with ca. 2 cm × 2 cm size onto a SiO 2 /Si wafer and a 
quartz slide, respectively. In particular, as-synthesized SiG sheets 
exhibit homogeneity and transparency, which can be clearly 
seen from Figure  1 b,c. A transmission electron microscopy 
(TEM) image of SiG sheets is shown in Figure  1 d. Even with a 
PMMA-free transfer method, large-area SiG sheets can still be 
obtained on TEM grid except for a small crack (highlighted with 
green color) in a suspended area, as shown in Figure  1 d. The 
corresponding selected-area electron diffraction (SAED) pattern 
of monolayer SiG sheet clearly shows the hexagonal graphene 
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 Figure 1.    Si-doped graphene (SiG) sheets on different substrates and their typical Raman spectra. a) A photograph of as-grown SiG on copper foil. 
b) As-transferred SiG sheet on a SiO 2 /Si wafer. The scale unit of the ruler shown in (a) and (b) is cm. c) As-transferred SiG on a quartz slide is highly 
transparent. The logo of Penn State underneath the SiG sheet can be clearly seen. d) Transmission electron microscopy (TEM) image of as-transferred 
SiG sheet on gold TEM grid. The inset is the corresponding selected-area electron diffraction (SAED) pattern of monolayer SiG. e) Monolayer and 
f) bilayer SiG sheets on TEM grid. The images were taken at the folded edges highlighted in (d) with the yellow square. g) Typical Raman spectrum 
of SiG sheet on SiO 2 /Si substrate. The Raman spectra of pristine and nitrogen-doped graphene are also shown here for comparison. Compared with 
pristine graphene (PG), an increased D-band and a decreased 2D-band are the features of SiG sheets, which might be attributed to the graphene lattice 
distortion caused by Si doping.
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honeycomb (see inset in Figure  1 d and the corresponding image 
in Figure  1 e). In addition, bilayer SiG sheets can be occasion-
ally detected by high-resolution TEM (HRTEM), as shown in 
Figure  1 f, which was taken at the folded edges highlighted in 
Figure  1 d with a yellow square. The interlayer distance of bilayer 
SiG is about 0.36 nm (Figure  1 f), which is close to the thickness 
of monolayer graphene (0.35 nm). Atomic force microscope 
(AFM) image of as-transferred SiG sheet on a SiO 2 /Si substrate 
was shown in Figure S3 in the Supporting Information. It also 
confi rmed that most of the regions in as-obtained SiG sheets 
are monolayer graphene with thicknesses no more than 1.0 nm, 
except for some few-layer islands. Figure  1 g shows the typical 
Raman spectrum of as-transferred SiG sheets on SiO 2 /Si sub-
strates. For comparison, we synthesized PG and nitrogen-doped 
graphene (NG) sheets as control samples. Figure  1 g shows 
characteristic features for SiG. One is the presence of a strong 
D-band (ca. 1347 cm −1 ), and another is the prominent D’-band 
(ca. 1625 cm −1 ), both absent in PG. This D-peak in graphene 
is usually caused by the breathing modes of six-atom rings 
and a defect is necessary for its activation. [ 21 ]  In addition, the 
D’-peak can be attributed to the double resonance occurring as 
an intravalley process. [ 21 ]  In the present case, the Si-dopant may 
cause a slight distortion of the graphene lattice, thus leading to 
a stronger D-band than that of PG. Interestingly, the D-band, 
G-band and 2D-band frequencies do not shift signifi cantly when 
compared to PG (Figure  1 g). Previous work has shown that the 
2D band responds differently to hole and electron doping. As 
shown in Figure  1 g, a remarkable downshift (ca. 7 cm −1 ) of the 

2D band position can be detected in NG sheets when compared 
with that of PG and SiG. Even though there is no obvious peak 
position difference between SiG and PG Raman modes, the rela-
tive intensities of the D-band and 2D-band behave quite differ-
ently when they are normalized with the G-band intensity ( I  G ). 
Figure S2 in the Supporting Information shows the statistical 
analysis of  I  D  /I  G  and  I  2D  /I  G  of SiG samples synthesized with dif-
ferent MTMS concentrations. Here  I  D  and  I  2D  correspond to the 
D-band and 2D-band intensities, respectively. When the concen-
tration of MTMS in hexane is 0, the as-synthesized sample will 
actually be PG. As shown in Figure S2 in the Supporting Infor-
mation, the  I  D  /I  G  value increases with the increase of MTMS 
concentration. In particular, when the concentration of MTMS/
hexane is 2 µL/mL (0.2% volume concentration), the average 
 I  D  /I  G  value reaches a plateau. In addition, the  I  2D  /I  G  value 
decreases with increasing the MTMS concentration, and reaches 
the minimum when the concentration of MTMS/hexane is 2 µL/
mL. As demonstrated in previous work, the higher  I  D  /I  G  and lower 
 I  2D  /I  G  values might lead to a more effective substitutional 
doping. [ 8d ]  Therefore, we fi xed the MTMS concentration at 2 µL/
mL for the rest in order to achieve a fairly high Si doping level 
within graphene.  

 In order to know the distributions of  I  D  /I  G  and  I  2D  /I  G  
values in a large area, we recorded Raman mapping on the SiG 
sample synthesized with 2 µL/mL MTMS/hexane. As shown in 
 Figure    2  a, more than half of the measured area shows  I  D  /I  G  
values larger than 1.0, except for the dark regions. More inter-
estingly, the yellow sections ( I  D  /I  G  > 1.5) shown in Figure  2 a 
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 Figure 2.    Raman mapping and X-ray photoelectron spectroscopy (XPS) characterizations of as-synthesized SiG sheets. a) D-band over G-band intensity 
ratio ( I  D / I  G ) mapping and b) 2D-band over G-band intensity ratio ( I  2D / I  G ) mapping of NG on a SiO 2 /Si substrate. Most of the area shows  I  2D / I  G  ratio 
more than 2, which is in accordance with that shown in Figure  1 g. c) XPS C1s fi ne scan of Si-doped and pristine graphene. The main peak at 284.6 eV 
corresponds to the graphite-like  sp 2   C. d) Si2p fi ne scan of SiG and PG sample. The green line exhibits the Shirley background. The XPS measurements 
for different graphenes were all carried out on copper foils instead of SiO 2 /Si wafers to avoid the Si signals from substrates. In the case of SiG, the 
Si2p line can be deconvoluted into two component peaks located at 102.1 eV and 103.7 eV, respectively.
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turn to reddish orange ( I  2D  /I  G  < 1.5) in Figure  2 b. As pointed 
out in previous work, the 2D band is the second order of the 
D peak. For a “defect-free” monolayer PG, the  I  2D  /I  G  is usually 
quite high (more than 4). [ 22 ]  In our case, the increased  I  D  /I  G  
and the decreased  I  2D  /I  G  might be attributed to the Si atoms 
doping the graphene lattice. The presence of Si was confi rmed 
using X-ray photoelectron spectroscopy (XPS). In order to rule 
out the effect of the substrate, XPS measurements for different 
graphenes were all carried out on the native substrate (i.e., 
copper foil) instead of SiO 2 /Si wafers, thus avoiding the Si sig-
nals from substrates. As shown in Figure  2 c, both SiG and PG 
display prominent peaks at ca. 284.6 eV, which corresponds to 
the graphite-like  sp 2   hybridized carbon. At ca. 102.0 eV, a clear 
peak arising from Si can be observed in the SiG sample, while 
this peak is absent for PG (see Figure  2 d). Moreover, the Si2p 
line can be deconvoluted into two component peaks located 
at 102.1 eV and 103.7 eV, respectively. In particular, the peak 
located at 102.1 eV might be a feature of silicon binding to 
carbon in the forms of a single silicon atom or a small silicon 
cluster. Based on our XPS analysis, the Si doping level in as-syn-
thesized SiG is ca. 1.75 at%. Furthermore, the Si doping levels 
in SiG sheets can be controlled by varying the MTMS concen-
trations, as shown in Figure S4 in the Supporting Information.  

 Si-doping can not only affect the Raman responses of gra-
phene itself, but can also lead to a signifi cantly enhanced GERS 
effect for detecting some organic (fl uorescent) molecules. We 

have tried different dyes as probing molecules that include 
crystal violet (CRV), rhodamine B (RhB) and methylene blue 
(MB). Due to their strong fl uorescence, these organic molecules 
cannot be detected by Raman spectroscopy when deposited on 
bare SiO 2 /Si substrates. Both the Zhang group's pioneering 
work [ 19,20 ]  and our previous report [ 8d ]  have clearly demonstrated 
that PG can serve as a good substrate for enhancing the Raman 
scattering signals of organic molecules by quenching the fl uo-
rescence. Furthermore, we have demonstrated that N-doping 
in graphene can lead to an enhanced Raman scattering when 
compared to PG. [ 8d ]  Even more remarkably, when we use SiG as 
substrate, a signifi cantly stronger GERS effect can be observed 
for different molecules when compared to both pristine and 
N-doped graphenes (see  Figure    3  ). All the peaks are normalized 
against the intensity of the 520 cm −1  mode of Si coming from 
the substrate. Figure S5–S7 in the Supporting Information show 
the  I  SiG  /I  PG  and  I  NG  /I  PG  comparisons for different probe mol-
ecules. Here  I  SiG ,  I  NG , and  I  PG  denote the corresponding peak 
intensity of probe molecules on Si-doped, N-doped and pristine 
graphene, respectively. Based on Figure  3  and Figure S5-S7, 
the following features should be emphasized: i) probe mol-
ecules on chemically doped graphenes (e.g., NG, SiG) show 
clear enhanced Raman scattering when compared to those on 
pristine graphene (additional vibration fi ngerprints of probe 
molecules that are not observed when using undoped graphene 
as a substrate, could be clearly detected), and ii) Si-doping leads 
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 Figure 3.    Enhanced Raman scattering effect of SiG sheets for probing different dye molecules. a) Schematic illustration of SiG and different probe 
molecules, that is, crystal violet (CRV), rhodamine B (RhB) and methylene blue (MB). The laser lines are 514 nm for the cases of CRV and RhB, and 
647 nm for MB. b–d) Raman signals of (b) CRV, (c) RhB and (d) MB molecules on pristine, N-doped and Si-doped graphene sheets. The probe molecule 
concentrations are all 5 × 10 −5  M. The integration time is 10 s for all cases. The peaks marked with “*”, “♦” and “♥” are the corresponding signals 
from CRV, RhB and MB molecules, respectively.
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to a remarkably improved GERS effect when compared to NG. 
The intensities of all the Raman peaks from different probe 
molecules (e.g., CRV, RhB, MB) are remarkably improved and 
clearly resolved.  

 As mentioned above, GERS is actually inspired by the sur-
face-enhanced Raman scattering effect although the mecha-
nism of GERS is still not yet fully understood. In order to eluci-
date the GERS mechanism, we carried out electronic structure 
calculations of SiG sheets and the interactions of RhB with dif-
ferent SiG substitution geometries. We calculated the graphene 
substrate as a 10 × 10 hexagonal network of carbon atoms 
(200 carbon atoms) with zigzag edges saturated with hydrogen 
atoms. Three different Si substitution cases were considered: 
( Si3 ) one carbon atom is substituted by a silicon atom; ( Si4 ) two 
carbon atoms are substituted by a single silicon atom, and ( SiO ) 
one carbon atom is substituted by a Si–O group. The geometry 
associated with the  Si3  scheme is the most intuitive, in which 
silicon binds to three neighboring carbon atoms; the other two 
doping confi gurations,  Si4  and  SiO , were also considered for 
comparison purposes, especially because the former has been 
recently observed in non-intentionally doped graphene whereby 
the silicon atom is imaged bonded to four carbon atoms. [ 13 ]  
The third confi guration ( SiO ) was studied because oxygen is a 
common contaminant and Si–O bonds are likely to form (from 
the XPS analysis, Si 2p binding energy is the same as found in 
polysiloxanes and aromatic siloxane copolymers. [ 23 ] ) 

 In the present study, RhB was assumed in its cationic form, 
RhB + , which is dissociated from Cl − . The adsorption of RhB +  on 
PG and over the Si-doped systems  Si3 ,  Si4  and  SiO , was studied 
in the framework of van der Waals corrected Density Functional 
Theory (DFT-D) as proposed by Grimme, [ 24 ]  and adopting the 
hybrid B3LYP functional. [ 25 ]  Optimized geometries are shown 
in  Figure    4  a–d. The PG surface (Figure  4 a) remains planar 
after RhB +  adsorption, differently from the Si4 case shown in 
Figure  4 d, which stabilizes into a planar geometry in the 
absence of the dye molecule but adopts a concave curvature 
around the Si4 site upon the molecule adsorption.  Si3  and  SiO  
doping confi gurations are depicted in Figure  4 b,c, respectively, 
and result in convex surfaces caused by the trigonal structure 
and the presence of longer C-Si bonds when compared to C–C 
bonds. This doping induced convex curvature is benefi cial for 
enhancing the dye interaction with the graphene surface in view 
of the geometry of RhB + , which contains the benzoic acid group 
rotated by an angle close to 90° with respect to the xanthene 
ring. The induced curvature in the  Si3  or  SiO  cases also allows 
the wrapping of RhB +  around the defective site, exhibiting a 
stronger interaction between the adsorbate and the substrate.  

 The electronic structures of the studied graphene sheets, in 
the form of densities of states obtained from the Kohn–Sham 
eigenvalues, are displayed in Figure  4 e. The Fermi energy of 
PG was taken as the zero reference. While PG and Si3 exhibit 
both the same Fermi energy, an energy shift to lower values 
was observed for the other doped cases (−0.10 eV for  Si4  and 
−0.13 eV for  SiO ). The densities of states are very similar, but 
the most important differences appear around the Fermi level. 
This is due to localization of electronic states induced by the 
defective sites. The adsorption of RhB +  produces a polarization 
of the surface and a small charge transfer, in the range −0.09 e  
to −0.18 e  ( e  is the electronic charge), with the smallest value 

corresponding to the  Si3  substrate. The interaction of this dye 
with the different doped graphene sheets can also be evaluated 
by the positioning of the frontier orbitals (the highest occupied 
and the lowest unoccupied Kohn–Sham orbitals, here referred 
to as HOMO and LUMO, respectively) in the energy spectrum. 
These orbitals interact with the quasi-continuum of states of 
the substrates, changing their relative position with respect 
to the Fermi energy of the substrate, and spreading into sev-
eral states that correspond to mixtures of the HOMO (LUMO) 
as well as states present in the doped and undoped graphene 
sheets. The energy spectrum associated with the HOMO and 
LUMO levels of RhB +  relative to the Fermi energy of the system 
(graphene and dye) is depicted in Figure  4 f–i. Here, the refer-
ence is the Fermi energy of the RhB + /PG system. The vertical 
black arrows show the position of the Fermi energy for each 
case. The taller vertical bars represent the energy of the orbitals 
that are mostly localized on the dye while the shorter bars rep-
resent the mixed states having a signifi cant contribution from 
the HOMO or LUMO orbitals of RhB + . It is evident that the 
 Si3  type stabilizes the LUMO level with respect to graphene 
and that the spreading of the HOMO is larger and closer to the 
Fermi energy. The  Si4  and  SiO  cases place the LUMO far from 
the Fermi level. The dye HOMO-LUMO energy gap is approxi-
mately the same for RhB +  adsorbed on PG,  Si3  and  Si4  and it is 
reduced in the case of  SiO . 

 The GERS measurements described above showed that PG 
is able to enhance the Raman activity of the dye molecules 
adsorbed on its surface and that SiG further enhances the 
Raman scattering. By comparing the electronic structure of 
the different graphene sheet models, it seems reasonable to 
assume that the LUMO level of the adsorbate should lie close to 
the Fermi energy in order to achieve GERS sensing. As shown 
in Figure  3 , nitrogen-doped graphene exhibits reasonable 
molecular sensing properties when compared to PG. Substitu-
tional nitrogen does not signifi cantly alter the graphene lattice 
and works as an electron donor, causing a shift of NG Fermi 
energy towards higher energies when compared with PG, thus 
approaching the Fermi energy and the LUMO level of the dye. It 
is important to discuss the strength of the interaction between 
the adsorbate and the graphene surface: RhB +  bonding to the 
Si site in the  Si3  model is stronger than that obtained in all the 
other cases, as indicated in Figure  4 f–  4 i. The increased sensing 
ability of Si-doped graphene towards CRV, RhB and MB could 
be an indication of this strong interaction. Among the studied 
dyes, CRV possesses a non-planar geometry, which prevents 
strong interactions with a nearly fl at surface. RhB contains a 
benzoic acid group that is twisted with respect to the xanthene 
ring, and MB does not suffer from steric hindrance constraints 
and can lie fl at on the surface, or wrap around a Si site as RhB. 
It is important to consider the laser excitation energy used in 
these experimental measurements. The excitation energy needs 
to be nearly in resonance with the HOMO-LUMO gap of the 
adsorbed molecule. We noted that the best sensing results were 
achieved using the 514.5 nm laser line for CRV and RhB, and 
with the 647 nm laser for MB. 

 The GERS mechanism of the organic dyes could thus be 
pictured as an electronic excitation of graphene (or doped 
graphene) that is transferred to the dye molecule through 
the polarization of the surface and the adsorbate-substrate 
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interaction. This means that the excited electron resides on the 
adsorbate while the excitation lasts. As a fi nal test of the model, 
we performed a DFT vibrational analysis and calculated the 
Raman intensities of a free RhB +  molecule. We also used the 
optimized geometry of RhB +  and added one electron to form 
the neutral molecule RhB 0  that has an extra electron without 
relaxing the geometry. The simulated Raman spectra are shown 
in Figure S8 in the Supporting Information. The comparison 
of the simulated spectra with the Raman measurements shows 
that the experimental results could be interpreted as a mixture 
of RhB +  and RhB 0 , thus in good agreement with the proposed 
model of an excitation transfer to the adsorbed molecule. 

 In summary, we have proposed a controllable way to synthe-
size large-area Si-doped graphene sheets using MTMS/hexane 
solution as precursors. The size and shape of the resulting SiG 

sheets can be well tuned by a conformal growth on Cu foils. 
When compared to PG, the substitutional Si doping within gra-
phene causes a signifi cant increase of  I  D  /I  G  and a decrease in 
the  I  2D  /I  G , which might be attributed to the slight local distor-
tions of a graphene lattice induced by the Si atoms embedded 
in the lattice. Interestingly, no signifi cant Raman peak posi-
tion difference was observed between SiG and PG, which dif-
fers to the behaviors of other doped graphenes (e.g., B-doped 
and N-doped graphene). This indicates that the incorporation 
of silicon to the carbon network does not bring new charge 
carriers and is consistent with silicon substituting carbon in 
the trigonal arrangement, as in the  Si3  model calculation. Si-
doped graphene can effi ciently quench the fl uorescence and 
thus enhance the Raman scattering of organic molecules. The 
theoretical modeling of SiG indicates that the substitution of 
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 Figure 4.    Optimized geometries of RhB +  adsorbed on (a) PG and different Si-doped graphene sheets (b–d): b)  Si3 : one carbon atom is substituted by 
a silicon atom; c)  SiO : one carbon atom is substituted by a Si–O group; and d)  Si4 : two carbon atoms are substituted by a single silicon atom. Color 
scheme: gray = carbon, orange = silicon, red = oxygen, blue = nitrogen, white = hydrogen. e) Densities of states of different graphene sheets. The curves 
are shifted upwards for clarity. f–i) Spreading of the HOMO and LUMO energy levels of RhB +  interacting with different graphene sheets. The Fermi 
energy of PG was taken as the reference. The vertical arrows indicate the Fermi energy of the substrates interacting with RhB + . The horizontal arrows 
show the HOMO–LUMO energy gap (values indicated below the arrows in eV) of the dye interacting with the substrates.
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C by Si induces local curvature around the substitutional site, 
which also enhances the interaction of the tested dye mole-
cules with graphene. The interacting orbitals of RhB +  were 
shown to spread due to the increased interaction with Si-doped 
sites, thus providing a more effective mechanism of charge 
transfer between dye and substrate and an overall enhanced 
GERS signals. Our results will open up opportunities for devel-
oping high-performance sensors able to detect trace amount 
of organic and fl uorescent molecules. In addition, many other 
fascinating properties predicted by theoretical calculations can 
now be tested based on the synthesis of high-quality SiG sheets.  

  Experimental Section 
  Synthesis of SiG Sheets : The synthesis of large-area SiG was achieved 

in a home-designed bubbler-assisted ambient-pressure chemical 
vapor deposition (AP-CVD) system operating at ambient pressure. 
Methoxytrimethylsilane (MTMS) (C 4 H 12 OSi, CAS No.: 1825–61–2, 
Aldrich) and hexane (C 6 H 14 ) (CAS No.: 110–54–3, Purity > 99.0%, 
Sigma–Aldrich) were used as Si and C precursors, respectively. MTMS 
can also serve as C precursor in addition to hexane in the SiG growth. A 
typical run for SiG synthesis can be described as follows. Firstly, copper 
foils (99.8% purity, 25 µm thick, Alfa Aesar) were cleaned in a diluted 
HCl aqueous solution (HCl:H 2 O = 1:3 v/v), dried with N 2  airbrush and 
then loaded into the AP-CVD quartz tubing reactor. Subsequently, the 
reactor was heated up to 1000 °C with the steps shown in Figure S1 
in the Supporting Information and kept constant for 10 min. A mixture 
of Ar (1000 sccm) and H 2  (50 sccm) was used to remove the air inside 
the reactor before and during heating. After that, an MTMS/hexane 
solution was bubbled into the reactor by 1 sccm Ar gas at 1000 °C for 
5 min. Finally, the reactor was cooled down to room temperature in an Ar 
fl ow (500 sccm). Two kind of control samples, PG and NG sheets were 
synthesized by using methane (CH 4 ) and ammonia (NH 3 ) as precursors. 
More experimental details including transfer, sample characterization, 
GERS measurements, computational details and additional fi gures can 
be found in the Supporting Information.  

  Supporting Information 
 Supporting Information is available from the Wiley Online Library or 
from the author.  
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