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Abstract

Graphene particularly one layer of carbon atoms in 2D crystal lattice of honeycomb has gain much
attention because of its distinctive electronic and optoelectronic properties. The stated
characteristics of this material with a unique structure of carbon that in turn opened-up new aspects
for the future systems and devices. Despite the graphene is a unique electronic material,
synthesizing graphene with a single layer was less investigated.-Thus, it is important to cover the
main methods used for characterizing the graphene such as Raman, TEM, SEM AFM, XRD and
UV-Vis with a view to the fundamental principles of each method.
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outstanding that makes graphene an extremely

1 Introduction desirable material for numerous application.

Graphene commonly describes as the wonder
material of the 21 century while the polymer
was the wonder material in the %th century.
Graphene is obtained from graphite and it is
simply a single graphite sheet. This single
sheet consists of only one atom of sp.
hybridized atoms of carbon prearranged in a
structure of honeycomb with unique features
such as good chemical stability, high surface
area and excellent electrical conductivity [1-
4]. The expedition of the graphene has started
in the year 2007, when Konstantin Novoselov
and Andre K. Geim (Noble laureates) have
discovered the huge potential of graphene in
different applications by observing its
electrical characteristics. Also stated that
“Graphene is the highflier on the horizon of
materials science and condensed matter
physics”, in their research study about
graphene [1]. Graphene begun developing
every sector from energy, health to
environment [5-8]. Its mechanical, optical,
and electrical properties [9-11] are

Some applications emphasize; graphene is
glowing as wavelength wide range used
because of its varied electronic structure.
High mobility and optical transparency are
graphene  characteristics that are the
optoelectronic devices requirements.
Currently graphene became a good ITO
replacement.

Graphene acts a vital role in optic-based-
devices like the convertors of optical
frequency, terahertz devices and flexible-
smart-windows into a next level. Furthermore,
the graphene optical absorption might be
altered by regulating the Fermi level.
Graphene was also currently recognized as a
multi-faceted nano-material for biomedical
purposes. It also uses for biological purposes
from to neural interface, drug delivery to cell
scaffolds. Graphene could also be in ultra-
filtration field that has started the
development because of its morphology of 2D
shape that contain a relatively high surface
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area. Besides it is classified as the best
membrane for applications of water treatment.
Ultra-thin shape of graphene has attracted the
attentions of the researchers and engineers to
apply it in water purification processes [12]. It
has huge potential for treatment of
wastewater.

Further it is considered as the best substitute
material that is employed for treatment
photocatalysis that plays as a scavenger of
electrons. Thus, improving the catalyst
efficiency. Thus graphene is  being
investigated for biological application [13],
flexible display [14], memory devices [15],
supercapacitor [16], ultra-fast transistor [17],
light emitting diode [18], fuel cell [19], solar
cell [20], water treatment [21] and battery
[22], In every research conducted, the
scientists are capable to achieve a valuable
outcomes.

3. Characterization of Graphene

Synthesized graphene can be described via

different approaches of characterization.
Raman is an imperative spectroscopy
equipment utilized for investigating the

structure of the graphene. The transmission-
electron-microscope (TEM) is also a
significant analysis for distinguishing the
graphene structure (i.e: no of graphene layers)
because of its capability to analyze the level
of graphene atom. The SEM and AFM were
widely utilized to illustrate the graphene
morphology. Other less important analyses
such as XRD and UV-Vis, were also utilized
as a supportive test for the findings.

3.1 Raman spectroscopy

Raman is a nondestructive spectroscopy
device utilized for characterizing the graphene
film.  The carbon allotropes illustrate
distinctive characteristic peaks in
Ramanspectroscopy at around 1345, 1575 and

2690 cm~[23,24]. These peaks help scientists
and the researchers to study the graphene
quality as well as the layers number of the
graphene produced. The D band refers to the
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sp2-hybridized atoms disorder of carbon and
Is distinguishing of lattice distortions, while
the G band refers to the mode of tangential
peak (E2g) of pyrolytic graphite (highly
oriented). The 2D band refers to the Raman
scattering process (second order) [25-27].
Few investigations were observed on the
synthesis of graphene by a chemical reduction
rout includes a defects with higher density
compared with synthesis of graphene by
chemical vapor deposition and other routes
[28]. Figure 1. (a) illustrates the spectra of
Raman of graphite/graphene, and the
outstanding  characteristics of graphene
appeared at the three peaks of D, G and 2D at

1350cm-1, 1580 and 2680 respectively.
Generally, graphite and graphene revealed
clear differences in level of their peaks (G, D,
and 2D), as exhibited in Figure 1. (a).
Furthermore, the graphene quality can be
investigated from the Raman spectrum via
ratio calculation of the intensities for 2D/G
(I2D/lg). A large 12D/IG ratio and a

comparatively small intensity of D peak
demonstrates that a graphene high quality was

formed [24, 29]- In Figure 1. (b), graphene
that is produced via chemical vapor
deposition demonstrates a higher 12D/IG ratio
than grapheme synthesized by mechanical
exfoliation. Consequently, chemical vapor
deposition is considered as the most proper
techniques can be used to produce graphene
high quality. Furthermore, the small peak of
D shows that high quality of graphene sheets
were successfully synthesized, as shown in
Fig. 32-b [30].

Yoon et al reported an easy method to detect
and calculate the number of layers for
graphene produced as shown in Figure 9.
[24], this figure shows a comparison among
the 2D intensities of G* and G band for
different graphene layers numbers. In the G
band, it can be detected that the intensity has
increased as the layers number increase up to
7 layers and while it has decreased for the
higher thickness of graphene layer Figure 2a.
Thus, the variation in the G band intensity
presents some clue on the graphene layers
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number [24]. The G* band has a
comparatively less intensity than the 2D and
G bands, this is obviously shown that the
band of G* place is slightly moved from 2445

to 2455 cm—1L and the graphene layers number
increased. Moreover, the band of G* of single
layer graphene shown in Figure. 2. (b) is
sharper than multi-layer graphene. Besides,

the band of 2D for graphene can be utilized to
differentiate the single-layer from the
graphene multi layers of [24]. The graphene
with single layer reveals a greater and sharper
intensity 2D peak than other peaks Figure 2
(c)). Ferrari et al. have also distinguished
single-, double- and multi graphene layers
effectively by using Raman spectroscopy

[31].
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3.2 TEM of sample. After the sample is places, the
N _ obtained reflected-signal is converted to an
TEM utilize high voltage electrons for image to investigate the morphological

transition throughout an extremely thin layer
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variations of the sample(s) [32]. Thus, the
very thin sample is essential in TEM analysis.
Graphene characterization using TEM is an
essential analysis due to its ability to image
graphene in a nano or even in an atomic

level;[36] for example, for dislocations,
vacancy, Stone—Wales rotation, point defects,
and many more [37]. Graphene with a single-
layer is commonly acts as a transparent as
TEM  applied. The high/low TEM
micrographs magnification of a graphene
(single layer) converted to a TEM grid as
shown in Figure 3 (a) and (b), respectively,
with the related pattern of SAED (inset) [38].
A graphene with single layer is successfully
spotted in the TEM micrographs, as shown in
Figure 10 (b), while the pattern of SAED
(inset in Figure 3(b)) shows the hexagonal
shape of graphene in crystalline form.
Furthermore, few layers graphene can be
obviously observed in the TEM images as
shown in Figure 4. a to Figure 4 f. The
patterns of SAED illustrated in Figure 4(g)—(i)
are uneven, and the double, three, and five
layers graphene are not be to justify according
to these patterns. Hence, other
characterization, particularly spectroscopy of
Raman, is essential to support the findings of
TEM analysis.

Figure 5 (a). Reveals the TEM images of
graphene synthesized by using alcohol
(ethanol) as a foundation of carbon via the
chemical vapor deposition method. The
graphene sheet was well fabricated on the
scale of microscopic. Figure 5(b) and (d)
show the bent edges of the single and double
layers of graphene correspondingly that
enable the number of layers of the graphene to
be calculated. Moreover, the analysis of
SAED in the micrographs demonstrats that
the graphene formed were poly-crystalline
[39].

Also, graphene with single-layer film can be
produced via zeolite as both the catalyst and
template. Figure 13. displays the TEM
micrograph of the produced graphene film,
whereas the image displays the graphene with
single layer only. Under TEM observation, it
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can be obviously observed that the graphene
sheet is interlaced and transparent. Besides, it
is found that the produced graphene nanosheet
was ultrathin and flat [40].

In order to analyze the graphene crystallinity,
SAED patterns have been recognized from 6
different graphene sample areas as shown in
Figure 7(a). Figure 7(b). displays the
graphene-cracked site. Figure 7c. exhibits the
presence of graphene with singlelayer only.
As observed in Figure 7(d), all the examined
6 places shown as a single crystalline
graphene because there is an only one shape
of hexagonal spots of diffraction without any
rotation observed. Consequently, the whole
region of the graphene as labeled from 1 to 6
in Figure 7(a) includes a singlecrystalline
graphene [41].

Fig 3. TEM micrograph of graphene with single
layer at magnification (a) Low / (b) high.

Fig 4. Micrographs of TEM of the graphene edges
at different layers numbers: (a) 2 layers, (b) 3
layers, (c) 4 layers, (d) 5 layers, (e) 6 layers and (f) 7
layers. The patterns of SAED of 2, 3 and 5 layers of
graphene obtained from the domains center are
presented from (g) to (i).
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Fig 5. TEM micrograph of graphene sheets
transmitted to grids of TEM (&) graphene sheet
grown for 20 seconds at temp 1000 C (b) single layer
graphene fold. (c) Sheet formed for 1 minutes at
temp 1070 C (d) double layer graphene fold.

Fig 6. TEM micrograph of the aggregated graphene
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Fig 7. (&) TEM micrograph of graphene formed on
grid of TEM (High-resolution). (b) TEM
micrograph of a graphene cracked area. (¢) TEM
micrograph obtained from the area labeled with the
point in b (high-resolution). (d) SAED of the 6 zones
labeled at a.

3.3 SEM and FESEM

SEM and FESEM techniques are widely
applied to observe the changes of morphology
of graphene. The optical and electron
microscope has normally similar principals of
operation.  Nevertheless, the electron
microscope (EM) is usually used in highly
energetic electrons as the source rather than
the visible light that are used in the optical
microscope [42]. The common microscope
(optical) has a low-resolution with low
magnification because the visible light has
long wavelength of source used, while the
accelerated  electrons  contain  shorter
wavelength than visible light wavelength, this
makes SEM or FESEM in a very high
resolution [43].

Cao, and Zhang, have formed the graphene
from natural flake graphite via Hummers’
technique using liquid oxidization, 2-
dimensional graphene sheet, which examined
by SEM. Also, the fold structure was
observed on the edge of both surfaces of the
specimen Figure 8. this is considered as
typical morphologies of multi- layer graphene
[14]. The thickness of the specimen was about
10 nm and it is clearly that the layers of the
sample have large dimension (larger than 100
nm).
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Fig 8: SEM micrograph of synthesized graphene.

Kbhai et al,. have formed mono and multi-layer
graphene using a technique called microwave-
assisted solvo-thermal and the prepared
graphene was analyzed by FESEM Figure
9(a) and (b)) [44]. The prepared graphene
dimensions were about of 3 - 10 mm. In
Figure 9(c) and (d), single layer graphene
films can be obviously observed at high and
even moderate magnifications of the FE-SEM
micrographs. Besides, surface crumples sheet
and folded at the ends of surfaces of the
graphene films as observed clearly. In
contrast, the graphene (multi- layer) have also
formed by Gui's et al,.[45] using the same
technique “solvo-thermal”, agglomerations
and wrinkles was observed that is
corresponded with the research conducted by
Khai et al. [44]. The existence of remaining
oxygen that contains functionalgroups,
comprising hydroxyl groups (-OH) and
carboxyl groups (-COOH), attached on the
graphene sides could be the result of the
wrinkles presence [44].

Hawaldar et al. synthesized graphene film via
hot filament thermal chemical vapor-
deposition approach and then observed the
morphological properties of the prepared
sheets using FESEM (Figure 10(a)) [145].
Few wrinkles on the graphene surface seen on
the substrate. Figure 10(b) represents the
high- magnification of FESEM micrograph
for two-layer graphene on a copper grid.
another chemical vapor deposition process
used for graphene synthesis, Dang et al,.[46]
found that the graphene surface area can be
increased as the graphene growth-time
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increase, which is observed from graphene
assessment and times-of-growth of 10/15
minutes (Figure. 10(c) and (d)).

Figure 11. illustrates graphene produced by
chemical vapor  deposition method
(microwave-plasma) (G1 label), and graphene
produced by chemical method (G2 label) [47]
The G1 graphene on the surface contained
few surface folds of the sample, while G2
graphene on the surface is well deposited on
the surface. In contrast, graphene produced by
the chemical method was deposited unevenly.
Consequently, agglomerations on the both
surface were clearly observed. FESEM
usually exhibits high resolution micrographs
with low electrostatically distorted, which is
considered as an efficient method to
investigate the morphology of the graphene
specimens.  Furthermore, the graphene
characterization using SEM is a common
technique because of the low cost of SEM as
compared with FE-SEM and its capability to
inspect the images with reasonable
magnification. Some researchers inspected the
surface of formed graphene via chemical
vapor deposition as shown in Figure. 12 [38].
Typically, continuous graphene was observed
in spite of there being a white-folds places on
the sample surface, as shown in the SEM
micrographs.

SEM was also utilized to examine the growth
of graphene (in situ) in a segregation method
of carbon, as reported by Takahashi et al,.[48]
multi layers graphene were produced using
different conditions of growth, as illustrated
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in Figure 13(a). the multi layers graphene are
observed as darker contrast at the other side of
the micrograph. While double layer graphene
appeared an intermediate contrast, and the
single layer graphene is seen as a brighter
contrast. The contrast variation appeared in
the SEM micrographs was due to the different
valence electrons numbers between graphite
and Nikkle (Ni) surface [49], When the
graphene sample cooled down up to

\
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Fig 10. (a) FE-SEM image of graphene formed on
copper, (b) FE-SEM image of a graphene sheet (two
layers) carried on a substrate of copper, formed by
thermal chemical vapour deposition (hot filament)
FE-SEM images of graphene at (c) 10 minutes and
(d) 15 minutes times of growth.
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temperature 25 C, the distinction however
was enhanced Figure 13. (b). after exposing
air to the specimen, the contrast of the
different graphene layers is significantly
changed because of the oxidation process
occurred on the surface of Nickle.
Nevertheless, the Ni surface hidden under
graphene sheet didn’t oxidize Figure. 40(c)
[50].

(GIEPS) [(G1-TS)
-

Ipm Tum

(G2-PS) |(G2-TS)

Fig 11. FESEM micrograph of graphene on
substrate of: (a) polished-Silica and (b) textured-
Silica, formed graphene sheet (spin-coated) on: (c)
Silica polished (polished) and (d) Silica (textured).
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Fig 13. SEM micrographs displaying the different contrast for different graphene layers numbers on
polycrystalline Ni Surface at: (a) an high temperature, (b) room temperature before air exposure, and (c) 25 C
after air exposure.

3.4 AFM

AFM can be generally employed for
characterizing the graphene with dimensions
in the range of nano-meter with different
states, such as ultra-high vacuum, liquids, and
normal atmosphere [51]. A sharp tip of the
AFM in nano-meter size is formed by micro-
technology is associated with the cantilever
free edge that is considered as a transducer for
sensing the specimen tip [52]. Chen et al.,
synthesized graphene using  improved
Hummers method, and then analized the
prepared graphene using AFM tapping mode.
The sample thickness was calculated to be
about 0.8 nm Figure. 14., indicating that it has
a single-layer structure.

You et al. [53] have also used AFM analysis
to study the roughness of the surface and also
to calculate the graphene thickness. Figure 15.
displays the graphene produced via technique
of  chemical-vapor-deposition on  four
different surfaces. The four samples were
examined using tapping-mode of AFM. It is
found that there is a direct correlation
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between the reaction time and the graphene
surface roughness; the long processing time
usually increase both thickness and roughness
surface of graphene.

Gao et al. have synthesized graphene on
substratum of palladium via segregation
technique of surface [54]. The
thickness/surface topography of the graphene
sheet was studies via AFM analysis Figure.
16. It can be observed the uniform shape of
graphene sheet that is entirely covered the
surface of palladium, as exhibited in Figure
16(a) and (b). However, there was few
nanowires of carbon were spotted on
graphene top because of the growing of
Carbon (3D). The specimen edge reveals the
graphene discontinuity, while the surface area
of the uncovered palladium and graphene can
be observed clearly in Figure 16(c). The line
profile thickness Figure. 52(c) has been
calculated to be around 0.40 nanometer,
which is agreed with the hypothetical
calculation of the single layer graphene.
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AFM is an efficient approach used to validate
the layer thickness of graphene. Liu's et al.,
[55] have synthesized multi-layer graphene by
conducting exfoliation technique on the
expandable graphite in super-critical N,N- di-
methyl-formamide solvent. Figure 17(a) and
(b) illustrate the layers of graphene via
tapping-method (AFM). It can be clearly
observed that the sizes and thicknesses are
changed, whereas most of graphene sheets
were around 3 nm. In contrast, Figure 17(c)
and (d) reveal the structure micrographs of the
graphene (exfoliated) sample. The exfoliated
graphene sample height is approximately 1.2
nm. This suggests the sample must be
considered as monolayer graphene.

137

Fig 14. — (a) AFM-tapping mode of graphene
produced by improved Hummers method.
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Fig 15. The images of AFM of SA1, 2, 3and 4
gained in the sharp contact mode. (3*3 mm).
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substrate of Pd111. Images (a and b) is from
graphene sample center, Image (c) is from the
graphene sample edge, image (d) shows the
graphene layer height that refers to graphene
(mono-layer).
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3.5 UV-vis spectroscopy

UV-vis is an analysis to measures the
radiation reflectance and absorption in the
range of spectral UV. The molecules or atoms
in the examined sample absorb the IR light,
near UV, and visible regions throughout the
electron’s transitions. Also, the sample
solution absorbance increased as the beam
attenuation is increase. As reported by Beer's
law [56-58], the absorbance relies on the
solution concentration. UV-vis analysis is
usually utilized to describe the graphene sheet
optical transparency by determining the
absorbance or transmittance properties of a
sample [59]. A transmittance or absorption
spectrum exhibits number of transmittance or
absorption bands which refers to the electron
transition from lowest to excited energy [60].
Hence, the UV-vis analysis might be
successfully utilized to study the of graphene
sheets properties [57].

UV-vis analysis can be implemented to show
that graphite oxide has successfully decreased
to decrease the graphene oxide [61].
Generally, the absorption peak of graphite-
oxide is about 230 nm, which refers to
transition of n-n* due to the existence of the
C-C aromatic ring that reduced graphene
oxide has an absorption peak shifted to 270
nm due to the transition of (n-n*) via bonds of
carbonyl (C=0) [62,63], Figure 18. displays
the reduced graphene oxide absorbance that is
produced at different reaction times. It is
found that the band of the sample that seen at
231 nm has clearly shifted to 270 nm as the
time of reaction increase. The shifting of
absorption peak beyond 270 nm, indicating
that the process of graphite oxide reduction to
of reduced graphene oxide has completed
[64].

UV-vis analysis can be also employed to
confirm the prepared graphene layers number.
Figure 19(a). shows different peaks for the
optical transmission from single to multi
layers of graphene [65]. The increased layers
number of prepared graphene decreases the
optical transmission “an amount of light
transmitted throughout a thick graphene
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sheet”. As shown in Figure 19(a), the green
curve refers to the barequartz transmission as
the graphene sheet was placed. The
wavelength number of all graphene samples
have decreased from 250 nm to 300 nm and
subsequently turn out to be linear after 600
nm [65].

Ago et al. [66] have also investigated the
graphene sheet by estimating of the number of
graphene layer based on the ratio of I.p/ I
and the width of the band of 2D from Raman
analysis is not precise or adequate as
unanticipated doping could have happened in
the graphene sheet in the mid of the transfer
and growth processes. This unintended doping
of graphene may change the I2p/ lg ratio and
caused incorrect information being obtained
on the graphene sheet quality. Furthermore,
the band of 2D of double layer graphene can
possess a narrow the width between 30 cm
and 40 cm that is difficult to be detected and
may mislead the approximation of the
graphene layers number. Thus, Hiroki et al.,
employed UV-vis analysis to confirm that the
converted-graphene is a graphene with single
layer by determining the transmission of the
light. It is found the optical transmission
(550nm) was about 2.25%, this is in
agreement with the theoretical value of
graphene with a single layer, (2.3%).
Therefore, the transferred layer is confirmed
as a graphene (singlelayer) by UV-vis
analysis. Also, Figure 19(b). exhibits the same
value of optical-transmittance for the single
layer synthesized by S. Bae et al. [67].

Graphene sheet is also a valuable material in
optoelectronics and solar cells applications
attributed to its high electrical-conductivity
and good optical-transmittance that make this
material a replacement of the presently
utilized materials like fluorine tinoxide and
indium tin-oxide. Dodoo-Arhin et al. [68]
reported the excellent graphene characteristics
by studying the differences of optical
transmittance between transparent electrode
and graphene. The optical transmittance of
graphene at 97.7% is higher than the optical
transmittance of the transparent electrode at
90.5%. Therefore, the light can easily pass
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through graphene, these unique characteristics

are important in photovoltaic applications.
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Fig 18. UV-vis spectra (absorption vs wavelength) presenting the variation of reduced graphene oxide as a
reaction time function.
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Fig 19. (@) UV-vis spectra (transmission vs wavelength) for bare-quartz and sheets of graphene on quartz.

5.5 XRD

XRD examination is utilized to investigate the
crystal level of materials, size of crystallite,
defects, atomic arrangement and other
structural features. A material that has a
crystalline structure is categorized via its
orderly, arrangements of atoms planes [69].
XRD equipment are diffracted, scattered,
refracted, absorbed, and transmitted [70]. A
spectrum of diffraction is generated as X-rays
are emitted from the equipment of XRD on a
crystalline structure material.172 Moreover,
the atoms planes separation of any material
can be measured based on Bragg's law [69].
Same materials generate same spectra of
XRD, thus an XRD analysis is considered as
an essential reference to materials structure
identification [71]. Each element in the
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mixture demonstrates different patterns of
diffraction than other element. For graphene
characterization, despite XRD analysis can be
employed as a tool of characterization, it is
not the perfect analysis used to describe the
single layer graphene. However, XRD
analysis still can be beneficial in assessing the
structure of graphene.

Naebe et al. [72] have synthesized and
investigated the reduced-graphene
nanomaterial, which has higher thermal
steadiness and better mechanical features than
graphite oxide. The results of XRD exhibited
reduced graphene, graphite oxide, graphite,
and functionalized graphene, Figure. 20(a).
The narrow diffraction curve of (26) at about
26 usually indicated the graphite (pristine)
that is corresponding with the (002) plane

atoms (well-ordered) of carbon with a spacing



Journal of Al-Farabi For Engineering Sciences

Vol. 2, No. 2, Jan. 2024

(inter layer) of 3, 3 A" Though, the peak of
graphite (well-ordered) at about 26 has
vanished, whereas a low peak was observed at
20 = 10 that suggests the (002) diffraction
graphite oxide with a measured inter layer
space at 8.5 A° which indicates that large
quantities of oxygen atoms are attached the
surface of the graphite oxide. Thus, the
graphite oxide inter layer spacing is increased.
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The functional groups elimination, like an
oxygen in the graphite oxide at a high
temperature produced the peak disappearance
of (002) and the developed the films of
reduced graphene. Wang et al., [73] has also
specified that the few layers of reduced
graphene film has non-peak of (002) when the
microwave irradiation conducted as shown in
Figure 20(b).
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Fig 20. (a) XRD pattern for Functionalized Graphene, graphite, graphite oxide and graphene (b) XRD plots of
graphene, graphite oxide, and natural graphite.

6. Conclusion

The graphene characterization has
significantly developed and is now pushing
the limit of characterization methods for
nanomaterials,  which  will ease the
understanding of nanomaterials and their
developments towards several applications.
Therefore, this work highlighted the most
common methods used for graphene
characterization. Based on the review and
comparisons conducted on the related
researches, it is found that the Raman-
Spectroscopy is a significant technique for
characterizing the thickness of graphene layer.
Other methods will also offer as much
evidence on the graphene structure as Raman
spectroscopy, and any laboratory conducting a
characterization of graphene without Raman
would be considered as a disadvantage. SEM-
FESEM, TEM and AFM are significantly
applied to study the morphological properties
of graphene by observing the morphological
variations of the graphene sample. For a
comprehensive study of graphene, XRD
analysis can be also applied to understand the
crystallinity aspects of the graphene.
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