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Characterization of few-layered reduced graphene oxide (rGO) for standard-
ization
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Abstract Reduced graphene oxide (rGO) has attracted many attention and applications due to its excellent electrochemical
ability. Therefore, standardization of rGO through structural and thermal analysis facilitates quality improvement and
management, enabling users to increase efficiency and reduce relevant costs. For rGO and graphene-related materials, it is
very important to determine the number of layers and define the resulting difference in physical properties. In this study,
3~4 layers of rGO-1 and 9~10 layers of rGO-2 were obtained from graphene oxide (GO) through a hydrazine reduction
process. For the prepared rGOs, X-ray diffraction (XRD) pattern obtained a diffraction peak at 20 ~ 25° related to (002)
reflection was used to calculate the layer numbers by determining interlayer distance and FWHM value. To reduce the
angular uncertainty, XRD data analysis was performed with angle correction using standard reference materials for X-ray
powder diffraction analysis. Precise interlayer distance and number of layers were determined using OriginLab and open-
source XRD diffraction analysis programs using the angle-corrected diffraction data. TG-DSC thermal analysis was
performed to further standardize the physical properties of rGO samples.
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Fig. 2. XRD patterns of commercial graphite and as-prepared
rGO-2 powder showing peak shifts to lower 20 for rGO.
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Fig. 3. XRD patterns of the prepared (a) rGO-1 and (b) rGO-2 powders analyzed with OriginLab, also showing the Gaussian curve
fitting.
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Fig. 4. XRD patterns of the prepared (a) rGO-1 and (b) rGO-2 powders analyzed with FullProf Suite, showing the Rietveld refinement.
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Diffraction angle (20) of (002) plane and FWHM values precisely determined by OriginLab and FullProf Suite program for prepared

rGO-1 and rGO-2 powders

OriginLab (Ko, 1= 1.54184 A) FullProf Suite (Ko, & = 1.54059 A)

(002) (20) FWHM (0) (002) (20) FWHM (0)
GO-1 24.051 7.041 24.250 6.849
rGO-2 25.244 2.609 25265 2454

Table 2

Planar spacing (d) of (002) plane, Flake thickness (D) and calculated number of layers precisely determined by OriginLab and FullProf

Suite program for prepared rGO-1 and rGO-2 powders

OriginLab (Ko, A =1.54184 A

FullProf Suite (Ko, A = 1.54059 A

D (Thickness, A) No. of layers

D (Thickness, A) No. of layers

dona (A)

K=0.94 K=1 K=0.94

K=1

d002 (A)

K =0.94 K=1 K=0.94 K=

3.70
3.53

12.06 12.90
32.60 34.70

3.26
9.24

3.48
9.83

3.67
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12.39 13.18
34.68 36.86

3.38
9.84

3.59
10.50
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Fig. 5. TG-DSC profiles of the prepared (a) rGO-1 and (b)
rGO-2(b) powders.
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