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Abstract.  Graphene has attracted enormous interest to researchers because of its remarkable electrical, mechanical, 
and optical properties. Chemical vapor deposition (CVD) method was used to synthesize the graphene. The 
methanol (CH3OH) was used to investigate the cleaning, doping and defective effect in the graphene surface. The 
samples were characterized by X-ray diffraction patterns (XRD), field emission scanning electron microscope 
(FESEM) images, Xray photoelectron spectroscopy (XPS) measurements, and Raman spectroscopy. XRD indicates 
the introduction of oxygen in graphene layer. FESEM images of samples suggest the sheet like morphology. XPS 
measurements confirm the existence of large number of oxygen containing functional groups (C=O, COOH, and C-
O) and C-C in the graphene surface. The Raman spectra confirm the n-doping and cleaning effects on graphene 
surface through the red shifts of G and 2D peaks. Furthermore, the optical images were used to observe the residues 
in graphene. The residues are obtained due to adsorption of CH3OH in graphene surface. Therefore, this work 
provides a simple and effective approach to investigate the cleaning, doping and defective effects on the surface of 
graphene using CH3OH solvent that can be applied in tunable electronic devices and gas sensor. 
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1. Introduction 

 
Graphene, one atomic thick layer of carbon atoms, has outstanding mechanical, electronic and 

chemical properties for future application (Geim and Novoselov 2009, Tiwari et al. 2020, Wong et 
al. 2019) It has wide application research areas such as energy, environment, medicine, electronics, 
light processing, sensors etc. Since past decades, several methods have been applied for synthesis 
of grapheme (Berger et al. 2004, Li et al. 2009a, Liu et al. 2017, Taghioskoui 2009). Among them, 
mechanical exfoliation process is employed for synthesis of high-quality grapheme. However, 
such type of process fails to fabricate the large area uniform monolayer graphene (Novoselov 
2004). So, chemical vapor deposition (CVD) method is perfect choice to grow graphene on metal 
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foils such as nickel or copper substrate (Lee et al. 2010). However, the formation of polymethyl 
methacrylate  

(PMMA) residue as well defects are occurred during chemical treatment and transfer processes 
in CVD synthesis that makes low quality of graphene (Li et al. 2009b, Liang et al. 2011, Lin et al. 
2011). However, grapheme/PMMA composites has effect of laminate configuration on the free 
vibration (Zeverdejani and Beni 2020). Defects and residues formed during the chemical treatment 
and transfer process can degrade the quality of graphene and modifies all the properties based on 
this material. So, the researchers are searching a new way to clean the residues and remove the 
defects as well as better transfer process on desired substrates. Ultra-clean and defect-free transfer 
of CVD graphene on the desired substrates is essential for its application in the electronic and 
other devices (Kang et al. 2012). 

 Nowadays, several solvents are used to remove PMMA. Among solvents, acetone is widely 
used to clean PMMA on graphene surface. However, it produces chemical contamination in 
graphene. p-doped occurred during this process (Suk et al. 2013). There are other many methods 
reported such as irradiation and heat treatment to make clean removal of PMMA (Cheng et al. 
2011, Lin et al. 2011, Pirkle et al. 2011). However, obtaining better removal of residues, defective 
effect and n-doped CVD graphene simultaneously is problematic. So, we present a simple 
chemical treatment method in which methanol (CH3OH) is the best choice to clean the residues 
and removing the defect effectively. It caused n-doped in graphene. In addition, transfer of 
graphene on hydrophobic film makes the reduction of defects (Rai et al. 2018). So, utilization of 
CH3OH in CVD synthesized graphene is perfect way to investigate the cleaning, doping and 
defective effects on the graphene surface. In this article, CH3OH is used to observe the cleaning 
effect, n-doping and defects in graphene surface. Raman spectra is employed to see these effects 
on graphene surface. Furthermore, the samples were well characterized by X-ray diffraction 
patterns (XRD), field emission scanning electron microscope (FESEM) images, and X-ray 
photoelectron spectroscopy (XPS) measurements. 

 
 

2. Experiment details 
 
Graphene was synthesized on poly-crystal copper foils (25 µm thick, Alfa-Aesar) in a rapid 

thermal processing chemical vapor deposition (CVD) chamber. The typical sample size having 
few cm2 Cu foil was loaded into the CVD growth reactor and pumped to the base vacuum pressure 
(about 10-2 Torr). The schematic presentation of the temperature versus time curve for the 
synthesis of CVD graphene has been shown in Fig. 1. Then, the CVD chamber was heated by 
allowing only Argon (Ar) gas (99 sccm – standard cm3/ min) till the temperature reached 950°C 
(point 1 in Fig. 1) and then it was again adjusted to reach the temperature 1020°C (point 3). During 
the temperature rising from 950°C to 1020°C, the Hydrogen (H2) gas (99 sccm) was started to pass 
at around 1003°C temperature for 1 h into the hot chamber. After 1 h cleaning with H2 gas (point 2 
to point 4), methane (CH4) gas at the flow rate 21 sccm was passed (point 4) for 15 min at around 
9.7 Torr pressure to carry out the graphene growth. Finally, the sample was cooled rapidly from 
point 5 (at 1020°C) to point 6 (at 725°C) then from point 6, the slow cooling process occurs at 
room temperature under Argon (Ar) ambient atmosphere. 

The copper foil was etched using ferric chloride (FeCl3) after spin coating with poly methyl 
methacrylate (PMMA). Then this PMMA/graphene was rinsed with deionized (DI) water more 
than five times (for approximately 30 min each). The PMMA/graphene samples were transferred 
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Fig. 1 Schematic presentation of the CVD graphene synthesis procedure showing operating conditions, 
time, temperature, gas flow and growth of graphene film. (point 1: 950°C, point 2: 1003°C, point 
3: 1020°C, point 4: graphene growth, point 5: methane/hydrogen gas turn off, and point 6: 
cooling process)

 
 
 

on to a bare SiO2/Si wafer with a 300 nm thick SiO2 film and the PMMA film was removed by 
immersing the samples into acetone for 30 minutes. For cleaning and chemical doping, the 
samples were dipped into the methanol (99.9% purity) for 2 h, 4 h, 6 h, 8 h, 10 h, and 12 h. Fig. 2 
shows the flowchart describing the experimental details for the CVD graphene, it’s doping with 
methanol and characterization. Raman Spectra (Inviva, 50 X objective, 1800 lines/mm grating, and 
532 nm excitation laser source) is used to observe the charge impurities effects and disorder on 
graphene. 

The XRD patterns of samples were taken on a Rigaku D/MAX-2500/pc diffractometer with 
Cu–Kα radiation. FESEM (JEOL JEM 7600) was used to see the morphology of samples. XPS 
measurements of samples were obtained by Axis Ultra DLD spectrometer (Kratos Analytical with 
a monochromatic Al Ka X-ray source at 150 W). All the samples were mounted using double-
sided adhesive Carbon tape during XPS measurements. 

 
 
 

 
Fig. 2 Flowchart describing the experimental details for the CVD graphene, its doping with methanol 

and characterization 
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Fig. 3 XRD patterns of CVD synthesized graphene for 8 h dipping time in CH3OH 
 
 

 
Fig. 4 FESEM images of graphene samples. (a) 0 h; (b) 8 h; and (c) magnified portion of (b) 

 
 

3. Results and discussion 
 
Fig. 3 represents XRD patterns of graphene sample containing CH3OH for 8 h dipping time. 

The sample shows the diffraction peaks centered at 12.9° (002 plane) which reveals the formation 
of graphene oxide (GO) (Ibrahim et al. 2016). The possible reasons for formation of GO from 
graphene may associated with introduction of oxygen in graphene layer (Jeong et al. 2008). 
Furthermore, the diffraction peaks are appeared at 19.19° 44.37°, and 68.81° that show the 
existence of Fe3O4, Cu, and Fe, respectively (Narayanaswamy et al. 2019, Qu et al. 2014). It 
suggests the presence of residual oxidizing impurities during synthesis of graphene by CVD 
process (Reckinger et al. 2013). FESEM images of samples at 0 h, 2 h, and 8 h are displayed in 
Fig. 4. These images clearly indicate the sheet like morphology. As shown in Fig. 4(a), the 
graphene sheet at 0 h has a size about 70 µm. However, the samples at 2 h and 8 h have smaller 
size (1-5 µm) than 0 h sample (Figs. 4(b) and 4(c)). These microsheets were agglomerated. 

Fig. 5 presents the XPS spectra of graphene samples at 0 h, 2 h, and 8 h. The C 1s spectrum of 
graphene sample is deconvoluted contains into two peaks in 0 h (C-C: 283.31 eV and C-O: 286.61 
eV), 2 h (C-C: 283.14 eV and C-O: 286.79 eV), and 8 h (C-C: 283.05 eV and C-O: 284.83 eV) 
samples (Figs. 5(a), 5(b), and 5(c)) (Johra et al. 2014). In addition, O 1s peaks are found in 0 h 
(C=O: 530.41 eV), 2 h (C=O: 530.21 eV and (CO)OH: 532.01 eV), and 8 h (C=O: 530.33 eV and 
(CO)OH: 531.65 eV) samples (Figs. 5(d), 5(e), and 5(f)) (Kwan et al. 2015). These XPS graph 
confirms the presence of large number of oxygen containing functional groups (C=O, COOH, and 
C-O) and C-C in the graphene surface. 

Fig. 6(a). shows the Raman spectra of single layer graphene before (0 h) and after (2 h, 4 h, 6 h, 
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Fig. 5 XPS of samples at 0 h ((a) C 1 s and (d) O 1s) 2 h ((b) C 1 s and (e) O 1 s), and 8 h 
((c) C 1 s and (f) O 1 s) 

 
 

8 h, 10 h, and 12 h) doping with CH3OH as prepared samples. The Raman spectra consist of G and 
D peaks at 1593 cm-1 and 1342 cm-1 respectively before doping. The G (E2g mode) and D (Defect 
mode) peaks in Raman spectra indicate stretching plane of the C=C bonds (sp2 hybridized) and 
breathing modes of sp2 atoms of the graphitic crystalline carbon atoms, respectively (Thomsen and 
Reich 2000). Likewise, 2D peak was observed at 2682cm-1 at 0 h. This peak shows the existence 
of graphene in sample, which is originated from the second order double resonance process 
(Thomsen and Reich 2000). Figs. 6(b) and 6(c) reveal a clear red shift of Raman spectra after 
every 2 h of the methanol treatment. The red shift of the G and 2D peaks in CH3OH treatment 
process makes an increase of electron density in the single layer grapheme (Wu et al. 2017). So, 
the presence of graphene in CH3OH shows n-doped feature. 

To find out the doping effect in Raman spectra, the I2D/IG intensity was calculated (Fig. 6(d)). 
The I2D/IG intensity ratios of synthesized graphene sample was found to be 2.02 ± 0.06, 2.07 ± 

0.04, 2.21 ± 0.04, 2.25 ± 0.03, 2.24 ± 0.03, 2.15 ± 0.02 and 2.12 ± 0.06 for 0 h, 2 h, 4 h, 6 h, 8 h, 
10 h, and 12 h respectively. In single layer grapheme, the ratio of the intensity of the 2D and G 
peaks (I2D/IG) is maximum for zero doping and decreases for increasing doping (Berciaud et al. 
2010, Ferrari et al. 2006). It clearly suggests that the I2D/IG intensity ratio increases from 0 h to 6 h 
(no doping) and decreases after 6 to 12 h (doping). This gives the evidence about the cleaning of 
graphene surface and doping effect by using methanol solvent depending on different time 
variation of sample dipped. As shown in Fig. 6(a), the graphene on SiO2/Si reveals strong D band 
peak before doping. This D band peak decreases gradually as the sample is dipped into CH3OH for 
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Fig. 6 Raman spectra of samples. (a) CVD graphene/SiO2 with varying doping time; (b) G peak redshift of 

graphene doped with methanol; (c) 2D peak redshift of graphene doped with methanol; (d) the change 
of I2D/IG ratio of doped graphene with respect to change in time. The I2D/IG intensity ratio for 0 h, 2 
h, 4 h, 6 h, 8 h, 10 h and 12 h are 2.02 ± 0.06, 2.07 ± 0.04, 2.21 ± 0.04, 2.25 ± 0.03, 2.24 ± 0.03, 2.15 
± 0.02 and 2.12 ± 0.06, respectively

 
 

Fig. 7 The change of ID/IG ratio of defected graphene with respect to change in time. The ID/IG ratios for 
0 h, 2 h, 4 h, 6 h, 8 h, 10 h, and 12 h are 0.56 ± 0.05, 0.41 ± 0.04, 0.34 ± 0.02, 0.33 ± 0.01, 0.37 ± 
0.03, 0.39 ± 0.03 and 0.43 ± 0.01, respectively

 
 

2 h, 4 h, and 6 h. In addition, it increases after 8 h, 10 h, and 12 h. However, the G band intensity 
almost remains constant with different time (8 h, 10 h, and 12 h) doping. 

The D band in graphene is strongly associated with the disorder. The increase in the intensity of 
ID/IG ratios indicate an increase in impurities and the measurement of the number of defects in 
graphitic materials (Goniszewski et al. 2015, Pimenta et al. 2007). These defects might be the 
number of small blisters residues of methanol and sublattice symmetry breaking caused by 
adsorption on graphene (Schröder 2013). To find the defects and impurities in graphene, the ID/IG 
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Fig. 8 optical images of samples. (a) Optical image of graphene with some residues before doping with 

methanol; (b) optical image of graphene after 2 h doping with methanol; and (c) after 8 h doping. 
There are still some blisters residues on graphene even after cleaning

 
 

ratios were calculated (Fig. 7). 
The ID/IG intensity ratios were observed to be 0.56 ± 0.05, 0.41 ± 0.04, 0.34 ± 0.02, 0.33 ± 0.01, 

0.37 ± 0.03, 0.39 ± 0.03 and 0.43 ± 0.01 for 0 h, 2 h, 4 h, 6 h, 8 h, 10 h, and 12 h, respectively. 
This ID/IG value decreases with the increase of time up to 6 h for graphene dipped into CH3OH. It 
suggests the enhancement of graphene quality by removing defects and cleaning impurities. ID/IG 
increases after 6 h because of formation of defects. The possible reason of defect may associate 
with that of dissociation of attached hydrogen atoms by graphene into incommensurate structure 
like turbostratic graphite which behaves like a defect (Kim et al. 2012). This defects in the 
hydrogenated graphene are caused by the formation of sp3 C-H bonds as well as the breaking of 
the translational symmetry of sp2 C=C network (Bae et al. 2012). The graphene with such 
Hydrogen atom as impurities is considered of n-doping effect (Kim et al. 2012). 

The transition metals like Cu and Fe remaining on graphene makes the methanol 
decomposition proceeding through the successive formation of methoxy, formaldehyde, formyl 
into CO and hydrogen in which CO would be expected to be more soluble in CH3OH than H2 at 
room temperature (Mavrikakis and Barteau 1998). To analyze the formation of residual 
contamination during the growth process before and after doping in graphene, optical images of 
graphene were taken (Fig. 8). The optical images suggest the existence of a small number of 
blisters residues after doping with CH3OH. These blisters residues (defective effects) are 
associated with thin film of bi-layer and multilayer of CH3OH (Wang et al. 2002). Agglomeration 
of trace number of elements (Fe, Cu) during the etching process and generation of Fe or Cu 
elements during PMMA assisted wet chemical transfer process are also responsible for formation 
of blister residues. Furthermore, the comparison of this work with other similar published reports 
have been presented in Table 1. 

 
 

Table 1 The comparison of this work with other similar reports 
Materials Synthesis methods Results Ref. 

Graphene Mechanical 
exfoliation 

Cleaning of graphene by using AFM and 
improvement of charge neutrality 

(Lindvall et al.
2012) 

PMMA, acetone, 
and graphene CVD Cleaning of graphene by heat treatment (Park et al. 

2013) 

Graphene and CH3OH Microwave plasma 
enhanced CVD Efficient methanol oxidation (Soin et al. 

2011) 

Graphene and CH3OH CVD graphene Cleaning, n-doped graphene,
and blisters residues as defective effects Our work 
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4. Conclusions 
 
In this paper, we demonstrate the synthesis of graphene by using CVD process. CH3OH is used 

to clean the sheet like morphology of graphene surface. The formation of oxygen in graphene was 
confirmed by XRD analysis. Oxygens containing functional groups (C=O, COOH, and C-O) and 
C-C in the graphene surface was proved by XPS measurements. The Raman spectra of single layer 
graphene shows the G, D, and 2D peaks. The red shift of the G and 2D peaks during CH3OH 
treatment was analyzed by Raman Spectra and calculating the I2D/IG intensity ratios that clearly 
suggest the cleaning of graphene surface and doping phenomena. Likewise, ID/IG intensity ratios 
indicate the removal of defect and impurity in graphene surface. Moreover, CH3OH dipped 
graphene shows the n-type nature. Optical images of graphene confirm the improvement of 
cleaning process in graphene surface by using CH3OH. In conclusion, CH3OH solvent is 
promising solvent to see the cleaning, doping and defective effects on the surface of graphene. 
Such type of promising materials can be applied in wide range of applications CVD synthesized 
graphene can be used in microelectronics, coating, sensor, devices, and energy storage. 
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