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Abstract A systematic study to optimize the structural
properties of graphene synthesized from modified graphene
by both chemical and physical reduction methods were
studied. In the chemical method, the two most common
reducing agent hydrazine hydrate and sodium borohydride
at different concentrations were used. In the physical
method, two different samples were produced using a heat
treatment at 200 °C in the presence of argon gas. Structural
properties, morphology and functional groups of samples
by SEM, TEM, XRD, FTIR, UV-Vis, PL and TGA were
analyzed. The results show that graphene sheets have been
produced in all methods. This study showed that modified
graphene with hydrazine hydrate (3 ml per 100 mg of GO)
has the best structural properties. The result of physical
reduction method by heat treatment in argon gas showed
the lowest energy gap among other samples. The PL
emission spectroscopy showed the strong intensities at 500
and 600 nm due to the overlap of the second order emis-
sions in the electron—hole recombination processes as
results from different types of electronically excited states
and physical reduction had minimum of intensity. The
obtained graphene nano-sheets showed an energy band gap
from 1.37 to 2.70 eV that is suggested as an application
method in opening of the energy band gap. However,
synthesized graphene by the chemical reduction method by
hydrazine hydrate treatment has the better structure, but the
physical reduction method is rapid and equally appropriate.
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1 Introduction

Graphene, an exciting material [1] that is a single layer of
carbon atoms bonded together in a hexagonal lattice, has
emerged in recent years as a novel and important class of
materials on its own merit. This is due not only to the
plethora of new fundamental science that it has displayed
[1] but also to the prospect of a variety of applications that
span graphene-based nanoelectronic devices [2], composite
materials [3], and gas sensors [4] as well as energy-storage
materials [5], and “paper-like” materials [6]. The
remarkable properties of graphene reported so far include
high values of its Young’s modulus (~ 1100 GPa) [7],
thermal conductivity (~5000 W m~" K~") [8], mobility
of charge carriers (200,000 cm? V7! s_l) [9] and specific
surface area (calculated value, 2630 m’ gfl) [5].

As with any new material that is intended for large-scale
applications, the development of methods that allow the
mass production and processing of graphene sheets has
become a top priority. The development of various meth-
ods for producing graphene has stimulated a vast amount of
research in recent years [1]. Graphene has been made by
four different methods. The first method is chemical vapor
deposition (CVD) [10]. The second one is the microme-
chanical exfoliation of graphite [11]. The third one is
epitaxial growth on SiC [12] and the fourth one is the
creation of colloidal suspensions. In this regard, although
the originally reported approach to the preparation of gra-
phene (i.e., micromechanical cleavage of bulk graphite)
leads to small samples and high-quality 2D crystals and is
suitable for fundamental studies, it suffers from extremely
low productivity and is therefore inadequate for large-scale
use [1].

At present, the only route that affords graphene-based
sheets in considerable quantities relies on the chemical
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conversion of graphite to graphite oxide (GO) [3]. GO
offers potential for the production of chemically modified
graphene on the large-scale [13]. GO has emerged as a
precursor offering the potential of cost effective production
of graphene-based materials. GO has been mainly pro-
duced by the Brodie [14], Staudenmaier [15] and Hummers
[16, 17] methods. All three methods involve oxidation of
graphite in the presence of strong acids and oxidants. The
level of the oxidation can be varied on the basis of the
method, the reaction conditions and the precursor graphite
used.

GO consists of a layered structure of ‘graphene oxide’
sheets that are strongly hydrophilic such that intercalation
of water molecules between the layers readily occurs [18].
Notably, graphite oxide can be completely exfoliated to
produce aqueous colloidal suspensions of graphene oxide
sheets by simple sonication for a long enough time [19].
This provides a very convenient setting for the imple-
mentation of solution-phase techniques toward the con-
version of graphene oxide back to graphene by way of
chemical reduction or the processing of the graphene oxide
sheets into films and paper like materials [20]. The
reduction of the graphene oxide by chemical methods using
reductants such as hydrazine hydrate [21], sodium boro-
hydride [22] and thermal methods [23] produce electrically
conducting modified graphene.

In the present work, structural comparison of graphene
sheets obtained by the two different methods for the
reduction of graphene oxide has been investigated,
chemical reduction process and physical regeneration
through heat treatment. Reduction of graphene oxide by
hydrazine hydrate and sodium borohydride is the most
common and one of the strongest reductions with three
different molar concentrations was performed, and the
physical reduction of graphene oxide by heating in argon
atmosphere to obtain graphene powder was performed.
Their morphology and microstructural characteristics were
studied in detail.

2 Experimental procedures

In the present work, eight samples of graphene were pre-
pared with reduce method. The three samples HMGI,
HMG?2 and HMG3 were prepared by chemical reduction
method using “hydrazine hydrate”. To prepare the three
samples BMG1, BMG2 and BMG3, chemical reduction
method using “sodium borohydride” were used, and two
next samples AMG and ACMG were prepared by physical
reduction method by heat treatment in the presence of
“argon gas”.

2.1 Synthesis of graphene oxide

Hummers method [17] was used for the synthesis of GO.
The amount of 96 ml of concentrated sulfuric acid to a
mixture of 3 g of graphite powder with 1.5 g of NaNO;
was added, and the mixture using an ice bath was cooled to
0 °C. KMnOy (9 g) was added slowly to the mixture so that
the temperature remains below 20 °C. The reaction was
heated to 35 °C, and was stirred at the same temperature
for 7 h. To increase the oxidation of graphite, the amount
of additional 9 g KMnO, was added to the mixture in one
portion, and the reaction was stirred at the same tempera-
ture for 12 h. The reaction mixture was cooled to room
temperature and poured onto ice (400 ml) with 30 % H,0,
(3 ml). Mixture with multiple filtering, centrifuging,
decanting and washing was purified according to the fol-
lowing steps. The mixture was centrifuged (4000 rpm for
4 h), and the supernatant was decanted away. The
remaining solid material was then washed in succession
with 200 ml of deionized water, 200 ml 30 % HCI and
twice with 200 ml of ethanol.

2.2 Chemical reduction with hydrazine hydrate

The chemical reduction of graphene oxide with hydrazine
hydrate [17, 24] was performed to produce three different
samples according to the following steps. 100 mg of gra-
phite oxide in 100 ml of deionized water for 1 h was dis-
persing. Then, in the sample HMGI1, 1 ml of hydrazine
hydrate was added to the mixture. Mixture in an oil bath at
95 °C for 60 min in the presence of argon gas was reflux.
After, the mixture was left black. The mixture was left
overnight. Then the mixture was filtered and washed three
times with deionized water and three times with ethanol,
and the remaining precipitate was dried under vacuum and
at room temperature for 2 h. To prepare samples HMG2
and HMG3 respectively amount of 3 and 6 ml of hydrazine
hydrate was added to the mixture, and the process was
repeated as in the first sample.

2.3 Chemical reduction with sodium borohydride

The other three samples were produced using chemical
reduction of graphene oxide by sodium borohydride [25].
BMGI1 was prepared according to the following steps.
150 mg of GO in 150 ml of deionized water for 1 h were
dispersing. Then 800 mg sodium was dissolved in 30 ml
deionized water was added to the mixture. Finally, the
prepared mixture for 60 min at T = 90 °C in oil bath under
argon was reflux. After, the mixture was left black. The
mixture was left overnight. As the first sample, the mixture
was filtered and washed three times with deionized water
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and three times with ethanol, and the remaining precipitate
was dried under vacuum and at room temperature for 2 h.
In two other samples BMG2 and BMG3 respectively,
amount of 1.2 and 1.6 g of sodium borohydride was dis-
solved in 30 ml water, and then it was added to the mix-
ture, and the process was repeated as in the first sample.

2.4 Physical reduction by heat treatment
under argon gas flow

AMG and ACMG samples were prepared by reduction by
heat treatment [17, 26] according to the following steps.
For this purpose, in AMG 100 mg of graphite oxide was
placed in the medium part of a quartz reactor under argon
gas flow at a rate of 20 ml min~' for 30 min at 200 °C.
This was associated with CO, CO, and H,O gas sublima-
tion. In this way, GO lost 90 % of its weight. For ACMG
preparation, 0.2 g of the HMG3 in the presence of argon
gas for 30 min at 200 °C was placed.

3 Characterization

X-ray diffraction system (BRUKER, D8 Advance, Ger-
many) was used for the X-ray analysis with Cu-Ka radia-
tion (A = 1.540 A). Step scanning was done with 20
intervals from 4° to 60°. UV-Vis spectroscopy was used
for the measurement of absorbance to find the electronic
structure of the samples in the wavelength range of
200-1100 nm. Fourier transform infrared spectra were
recorded using spectrum one: FTIR-spectrometer in the
range 500-4000 cm™' to characterize the functional
groups. The morphology of the materials was investigated.
To further know its morphology at a higher magnification,
field emission scanning electron microscope (FE-SEM)
analysis was carried out for all samples. Transmission
electron microscopy (TEM) images were recorded. For
TEM analysis, samples were suspended in water via
ultrasonication for 2 h and then the unstable dispersion was
dropped on a fresh lacey carbon TEM grid. Thermal sta-
bility of the sample was studied by thermo gravimetric
analysis (TGA) up to 600 °C with a heating rate of
10 °C min~" under argon atmosphere. Photoluminescence
(PL) measurement was performed at room temperature.

4 Results and discussion
4.1 Graphene oxide and graphene dispersions
The reduction of GO can be deduced from the color change

of the GO dispersion before and after reaction. Figure 1
shows the color of GO and some modified samples changes
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from yellow brown to black when it was stirred in distilled
water 30 min. This shows that the used methods were
effective in the reduction of graphene oxide. The hydrazine
hydrate was more effective in the reduction of graphene
oxide. In other samples, part of the graphene oxide without
reduction remains.

4.2 Structural analysis by XRD

XRD was used to the structural characterization of the few-
layered graphene nano-sheets. We compared the structural
properties of the graphene nano-sheets synthesized with
different methods, in accordance with the above descrip-
tion, and GO obtained by Hummers method by studying
the powder X-ray diffraction patterns. In Fig. 2, the char-
acteristic reflection (002) of all the samples can be com-
pared in order to understand the influence of various
syntheses in structure. The sharp peak at 20 = 26.7°
indicates a highly organized crystal structure with an
d-space = 0.34 nm, which is consistent with the layer
spacing of normal graphite [27]. This occurs because the
interlayer spacing inside the few-layered graphene nano-
sheet has a structure similar to that of normal graphite.

As the patterns show, the XRD pattern of the graphene
sheets obtained with hydrazine hydrate (HMG1-2-3), and
AMG have more sharp peak than the others at 20 = 26.7°,
which imply better crystallinity. Compared with pristine
graphite (not shown), it can be clearly observed that the
diffraction (001) peak of GO appear at 20 = 9.84°. Using
the Bragg equation, the distance between the plates is
obtained 0.89 nm. This value is larger than the distance
between graphite plates. This is due to a result of interca-
lation of water molecules and the formation of functional
groups containing oxygen during oxidation of the graphite
layers [17].

There are rather weak peaks at about 20 = 9° in the rest
sample. This peak is similar to the typical (001) diffraction
peak of graphene oxide (GO) [17]. In the samples syn-
thesized with hydrazine hydrate (HMG1-2-3) and ACMG,
this peak is relatively weak but in the samples synthesized
with sodium borohydride (BMG1-2-3), and AMG is rela-
tively larger than the others. This indicates that modified
graphene sheets in (HMG1-2-3), and ACMG samples are
of higher purity than (BMGI1-2-3) and AMG due to
elimination of oxygen-containing functional groups. Based
on experimental and simulated results [28, 29], the broad
peak at 20 = 24.7° can be ascribed to their few-layer
nanostructures and could also be due to the complicated
nature of the size, curvature, sheet rotation, and atom
positioning in the graphene sheets.

The broad peak at 260 = 20.1°, suggests the existence of
regions of expanded stacking of more corrugated or dis-
ordered graphene sheets, probably existing at the edge
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confirms the formation of layered graphene oxide structure
that this sample used in the production of all other samples.
Figure 3b—h shows the wrinkled structure of graphene
layers. Almost similar morphology for samples generated
by both physical and chemical reduction route can be seen.

Graphene morphology for HMG1, AMG and BMG3 was
characterized using TEM. The TEM images of these
samples are shown in Fig. 4. A large sheet of graphene
with several hundred nanometers dimensions found on the
top of the grid, where it can be seen that there are wrinkled
and transparent areas in the images. According to previous

Fig. 1 Digital photographs of aqueous dispersions of a GO, b HMG3, ¢ BMG2, d AMG
oIO v ) v ) '/I/I"gg ) ) ) I9 v ) v )
Qe , V§ £
- 7 © Q
oo N5 o®
g | 20
h f,/ ) i HMG3
/ HMG2
=™ 7 :
a3 7 HMG1 .
& ' ' ! 4.4 TEM analysis
2 Wz AMG
2 7 ' ACMG
é :I | : :
1 adl GO
U I I
/N %‘L o lvaaanputhy BM
[ | | | S,
- USRTZ77 —~ e BMG3
| q 4 A BMG2
— T /|1 —T T T T T T
5 10 15 20 25 30 35 40 45 50 55 60

29 (deg.)
Fig. 2 XRD spectra of samples (1.54 A Cu Kol as wavelength)

areas [27]. Generally, crystal lattice is formed better, and
oxygen-containing functional groups are removed better in
HMG1-2-3 samples. In other words, the chemical reduc-
tion by hydrazine hydrate treatment is better to remove
oxygenated groups. The heat treatment effectively elimi-
nated the oxygen-containing groups, but quality of crystal
structure declined slightly in ACMG sample. In contrast,
sodium borohydride to remove oxygen groups than others
did not perform well as well as the quality of the resulting
crystal structure is not good. In Table 1, the intensity and
location of the peaks of different samples were compared
with each other.

4.3 SEM analysis

Figure 3 show the scanning electron microscopy (SEM)
images of the some samples. SEM images of GO (Fig. 3a)

articles, wrinkled areas are part of the intrinsic nature of
graphene, that becoming stable via bending [30]. It can be
seen from TEM image shown in Fig. 4, that part of the
graphene sheet shows relative flat morphology with low
contrast, which is an indication of few-layer thickness. In
all cases, the formation of graphene sheets can be seen.

4.5 FT-IR analysis

FT-IR spectroscopy was also given to study the functional
groups on the surface of GO and graphene sheets obtained
with different methods as shown in Fig. 5. The FT-IR
spectra of the GO shows the absorption bands at 3420
(hydroxyl) and 1395 cm ™! (carboxyl), the C=0 at
1730 em™ !, C-0O (carbonyl) at 1037 cm™!, and absorption
band at 1629 which can be assigned to the vibrations of the
adsorbed water molecules and may also contain compo-
nents from the skeletal vibrations of un-oxidized graphitic
domains consistent with previous infrared spectra of GO
[31-34]. This indicates that the oxygen functional groups
were bonded to carbon molecules after oxidation. Thus,
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Table 1 Comparison of the intensity peaks of the samples obtained from XRD pattern

26 Due to GO Chemical reduction Physical reduction
HMG1 HMG2 HMG3 BMG! BMG2 BMG3 AMG ACMG

9.84°  Graphene oxide 0 n/o n/o d (8.75°) d (9.75°) d(8.98°) d (9.05°) d (8.82°) n/o

20.1° Defect the edge areas o o i i n/o o o i o

24.7° Complicated nature nfo o o o n/o n/o n/o o

26.7° Similar to that of normal graphite (26.1) o i i i o i i i o

The peak is observed [0], The peak is no observed [n/o]
The peak intensity is increased compared to the GO [i]
The peak intensity is decreased compared to the GO [d]

Numbers in parentheses show the peak displacement

similar to XRD, FTIR spectroscopy provided evidence of
the presence of different types of oxygen functional groups
on the graphene oxide.

It is clear from Fig. 5 that there are considerable chan-
ges in FT-IR spectra of GO after treatment with hydrazine
hydrate and heat treatment. In these samples, after the
chemical reduction of GO, the characteristic absorption
bands of the oxygen-containing functional groups dramat-
ically decrease, indicating that such GO has been reduced
to graphene. According to Fig. 5 can be seen that the
absorption bands at 1730 cm ™! (C=0) and at 1629 cm™!
(water molecules) in all three samples HMG1-2-3 have
been removed. Furthermore, with increasing concentrations
of hydrazine hydrate in HMGI1-2-3 OH, epoxy and car-
bonyl groups are reduced. The samples synthesized with
sodium borohydride minor changes have been made. In
addition, it is observed that increasing the concentration of
sodium borohydride in the samples BMG1-2-3, OH and
carboxyl groups are decreased. This indicates that the
oxygen-containing groups have not been omitted entirely.
These results are in agreement with XRD results. More-
over, the peak at 1395 cm™! shows that some of the car-
boxyl groups still exist after the reduction process except
for AMG that is completely removed. These results suggest
that treatment with hydrazine hydrate and heat treatment is
a more effective method to remove oxygen-containing
groups that commonly used. After reduction, the
1552 cm™! peak has appeared in all samples, especially in
the samples synthesized with hydrazine hydrate and heat
treatment, which is related to the presence of C-C
stretching in graphitic domains [35]. Changes in the FTIR
spectrum are shown in Table 2.

According to the FTIR spectrum from graphene sample,
the number of oxygen-containing groups remains on the
surface of graphene. But due to the almost complete
elimination GO peak in XRD pattern of graphene samples,
the number of oxygen-containing groups on graphene
samples is highly less than the number of oxygen-
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containing groups on the GO. Chemical or physical
reduction reduces the oxygen-containing groups and
thereby closing the gap, but they will not be completely
eliminated and there is always unintended doping as
reported in the other works [34-36]. Reduced GO always
show p-type behavior at ambient conditions because of
unintentional doping caused by residual species or oxygen
molecules in environment [36].

4.6 TGA analysis

The TGA patterns of the samples are shown in Fig. 6 TGA
curve of the AMG shows a negligible mass loss, which is
only about 10 % of its total mass in the entire temperature
range. AMG weight loss up to 300 °C is negligible and
about 300-500 °C loses more weight. Synthesis of gra-
phene sheets by the sodium borohydride treatment mass
loss occurs in two stages, one in the temperature range of
0-300 °C appear, and the other is in the range of
300-500 °C, which is the thermal decomposition of labile
functional groups containing oxygen and CO and CO,
emissions is concerned [30].

Compared with BMG1-2, thermal stability of AMG,
HMGI1-2-3 are much higher, which indicates that the
effective removal of oxygen-containing functional groups
by treatment with hydrazine hydrate as the reducing agent.
Also, In the ACMG, it can be seen that after annealing in
the presence of argon gas is more thermally stable than
BMG1-2. These results are consistent with XRD and FT-IR
spectra. The TGA analysis showed high thermal stability
for reduced sample with hydrazine hydrate at T = 500 °C.

4.7 UV-Vis analysis and calculation of optical band
gap

Figure 7 shows UV-Vis spectra of the samples in the
wavelength range 250-800 nm. The UV-Vis spectrum of



J Mater Sci: Mater Electron (2016) 27:260-271 265

Fig. 3 SEM image at different magnifications of the GO (a, b), ACMG (¢, d), BMG2 (e, f), HMG3 (g, h)

graphene oxide exhibits one characteristic feature in this  transitions of C=0 bonds [17]. As shown in the UV-Vis
range that can be used as a means of identification. a  spectrum, after the reduction of graphene oxide in all
maximum at ~300 nm, which can be attributed to m—n  samples a weak peak of about 280 nm appears, that is
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(b)
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Y aph phene flake

(e)

graphene flake

200 nm

Fig. 4 TEM image at different magnifications of the AMG (a, b), BMG3 (¢, d), HMG1 (e, f)

related to m—n* transition of C—C bonds. It indicates that Graphene has a zero energy gap; the energy gap in
oxygen-containing groups on the GO surface are removed  graphene opens by functional groups containing oxygen
and the conjugated structure is restored. adsorption [36]. To calculate the energy gap of graphene
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Fig. 5 FTIR spectrum of GO and modified graphene sheets

sheets and therefore to compare the absorption of oxygen
functional groups between samples, the UV-Vis spec-
troscopy was used. UV—Vis spectra of the samples was
measured and used to calculate the direct band gap of
graphene sheets, which is in agreement with previous
papers [37]. The Tauc’s equation [38, 39] was used to
calculate the direct band gap of graphene sheets.

(ahv)? o (hv — E,) (1)

where o is the absorption coefficient and it is calculated
using UV-Vis spectra of the sample. Value of « is pro-
portional to the absorbance of the sample. Also hv is the
photon energy and E, is the band gap. For this purpose, the
(ahv)* curve was plotted on the hv (Fig. 8) and by
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Fig. 6 TGA plot of GO and modified graphene sheets

determining the intersection of the tangent line to the
drastic change with the horizontal axis; the energy gap (E,)
of graphene sheets was obtained. Figure 9 shows the values
of the energy band gap of graphene sheets, which is con-
sistent with previous work [40]. These results indicate that
functional groups containing oxygen adsorption open the
band gap in graphene. GO has the highest oxygen func-
tional groups, so its energy gap is the largest. By chemical
reduction operations, functional groups on the graphene
surface are removed, and the energy gap decreases. Fig-
ure 9 shows the samples prepared by hydrazine hydrate and
heat treatment, have the best performance in the removal of
the oxygen groups because of having the smallest gap. The
samples were prepared by heat treatment on modified
graphene sheets with hydrazine hydrate has the highest
decrease in the band gap energy.

In Table 3 the results of analysis XRD, FTIR and cal-
culate the band gap briefly presented. As it turns out the
results are in good agreement with each other. According
to Table 3, it follows that HMG?2 had the best quality for

Table 2 The observed changes in the FTIR absorption spectra for various samples

Absorption bands (cm™")  Due to GO  Chemical reduction Physical reduction
HMG1 HMG2 HMG3 BMGI BMG2 BMG3 AMG ACMG

3420 O-H [ d d d o 0 0 d d

1730 C=0 o n/o n/o n/o n/o n/o n/o d n/o

1629 Water molecules o n/o n/o n/o o d d d d

1552 C—C stretching n/o o o o n/o o o o o

1395 C-OH o o o o o o [ 0 o

1037 C-0 0 o o o 0 [ 0 0 [

The peak is observed [0], The peak is no observed [n/o]
The peak intensity is decreased compared to the GO [d]
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Fig. 7 Ultraviolet—visible absorption spectra of GO and modified
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Fig. 8 Absorption curve in terms of photon energy. The intersection
of the tangent to the curve and the horizontal axis shows the gap

the preparation of graphene. Because at the same time it
had a good crystalline structure, and also functional groups
were effectively removed from the surface and with the
increasing amount of hydrazine hydrate in the sample
HMGS3 little change had taken place. Although the heat
treatment performed on sample, HMG3 reduced the gap,
but also caused broadening of the peak in the XRD spectra.
In the samples were produced with sodium borohydride
treatment, although increasing the amount of sodium
borohydride reduced the gap, but also was weaker than
hydrazine hydrate.
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Fig. 9 Band gap obtained by UV-Vis analysis

As mentioned oxygen-containing groups on the surface
of graphene opens gap in graphene. According to XRD
diffraction pattern of ACMG, Fig. 2, after thermal
annealing peak at 20 ~ 10° corresponding to GO has
disappeared and a broad peak at 20 ~ 26° appears. This
shows that heat treatment reduces the oxygen-containing
groups and thus decreases the gap (Fig. 9). Since according
to Scherrer equation [41] the peak width is inversely
related to the size of crystalline grains in the sample
ACMG, peak broadening shows that thermal annealing
reduces the size of the graphene sheets, and thus it caused
peak broadening in XRD diffraction pattern. From this
perspective, HMG2 sample quality is better than the
ACMG. Also, because the thermal annealing only
decreased 5 % of gap compared to the gap of HMG2, in
practice the cost of production of HMG2 is lower.

4.8 Photoluminescence spectrum

The PL emission spectrum could be attributed to the co-
existence of multiple fluorescent centers. These compo-
nents can be assigned to originate from different defect
sites from the surface of the samples such as electron—
phonon coupling, lattice dislocation, and the localization of
charge carriers due to interface effects. Studies have also
suggested that PL in GO and reduced graphene oxide is due
to electronic states associated with zigzag edges and
chemical species.

The photoluminescence (PL) spectrums for samples
were recorded using excitation wavelengths of 255 and
305 nm. The Fig. 10a shows an excitation peak in the near
ultraviolet UV region at 255 nm with some emission with
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Table 3 A summary results of the various analyzes
Sample Reduction Situation XRD FTIR Band gap
method V)
GO - - A peak at 20 = 10° due to graphene A broad peak at 3420 cm™' due  3.07
oxide to OH
A peak at 20 = 20.1° due to defect
the edge areas
HMGI1 Chemical 1 ml hydrazine hydrate per Remove of the peak at 26 = 10° Decrease of broad peak OH 1.68
reduction 100 mg GO GO compare to GO
A peak at 20 = 20.1°
HMG2 Chemical 3 ml hydrazine hydrate per Remove of the peak GO Decrease of broad peak OH 1.45
reduction 100 mg GO Increase peak at 20 = 20.1° compare to GO
compared to HMG1
HMG3 Chemical 6 ml hydrazine hydrate per Decrease of the peak GO Decrease of broad peak OH 1.47
reduction 100 mg GO Increase peak at 20 = 20.1° compare to HMG2
compared to HMG2
BMGI1 Chemical 0.8 g sodium borohydride per Decrease of the peak GO Decrease of broad peak OH 2.34
reduction 150 mg GO Remove of peak at 20 = 20.1° compare to GO
BMG2 Chemical 1.2 g sodium borohydride per Decrease of the peak GO compared Decrease of broad peak OH 2.70
reduction 150 mg GO to BMG1 compare to BMG1
A weak peak at 20 = 20.1°
BMG3 Chemical 1.6 g sodium borohydride per Decrease of the peak GO compared Decrease of broad peak OH 1.98
reduction 150 mg GO to BMG2 compare to BMG2
A weak peak at 20 = 20.1°
ACMG Physical At 200 °C in the presence of Decrease of the peak GO Decrease of broad peak OH 1.37
reduction argon A peak at 20 = 20.1° compare to GO
AMG  Physical At 200 °C in the presence of Remove of the peak Decrease of broad peak OH 1.64
reduction argon Increase peak at 20 = 20.1° compare to GO

compare to ACMG

various intensities around 500 nm. The emission strong
intensity at 500 nm due to the overlap of the second-order
emissions in the electron-hole recombination processes as
results from different types of electronically excited states
and there is not any fluorescence from the graphene oxide
sample [42]. The PL spectrum shown in Fig. 10b was
recorded using another excitation wavelength at 305 nm to
further explore the PL emission. This time emission peak is
observed at 600 nm. However, for both emission wave-
lengths of 500 and 600 nm, the physical reduction method
had minimum of intensity. The observation of PL implies
the presence of a band gap in the electronic structure of the
graphene various states as a result of the increase in the
number of sp? carbon atoms in reduction conditions of
graphene oxide.

On the other hand, the presence o-bond in a large
fraction of sp> hybridized carbon atoms bond to oxygen
functional groups in graphene sheets cause the formation of
islands of graphene in graphene oxide, which produces a
disruption of the n-bond and thus opens up a band gap in
the electronic structure [42]. It is expected that by

controlling the amount of oxidation during synthesis and
also reduction can be adjusted the electronic band gap.

5 Conclusion

A systematic approach was used to produce graphene by
the chemical and thermal reduction route with various
reductants and different concentrations, as well as two
different physical reduction methods. In the chemical
method, the hydrazine hydrate and sodium borohydride as
a reducing agent were used with three different molar
concentrations. To produce modified graphene through
reducing physical method, two different samples of gra-
phene oxide and chemically reduced graphene oxide in the
presence of argon gas at a temperature of 200 °C was used.

The presence of functional groups, its structural prop-
erties and morphology were analyzed by FTIR, XRD,
scanning electron microscope (SEM), transmission elec-
tron microscopy (TEM) and thermo gravimetric analysis
(TGA) and photoluminescence (PL).
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at excitation wavelengths of a 255 nm, and b 305 nm

Using the analysis characterized results can extract the
following conclusions:

Studies on the results confirmed that the multilayer
graphene sheets have been formed in all physical and
chemical routes.

By comparison with other samples showed that mod-
ified graphene by hydrazine hydrate treatment (3 ml per
100 mg of GO) has the best structural characteristics
among other samples.

The obtained graphene nano-sheets showed an energy
band gap from 1.37 to 2.70 eV.

Comparison of the spectra of XRD, FTIR and calcu-
lation of the band gap samples synthesized by chemical
and physical reduction methods show that chemical
reduction by hydrazine hydrate removes the
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