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Abstract

This article presents the suitable chemical method for preparation of graphene oxide nanosheets. In order to examine the
effects of HNO,/H,SO, ratio on interlayer spacing and its comparison, the oxidation of graphite with HNO, and H,SO,
in 1:2 and 1:3 volume ratios was done. Based on the reaction time and interlayer spacing, it was found that the optimum
results were obtained when reaction was carried out with HNO,/H,SO, in 1:3 volume ratio (using modified Staudenma-
ier method) for 4 days. Results showed that the modified Staudenmaier method improved efficiency exfoliation in oxi-
dation process. Also, the chemical reduction of graphene oxide, which obtained using the modified Staudenmaier met-
hod, with hydroquinone and hydrazine hydrate was studied. The results indicate that use of hydrazine hydrate as the re-
ducing agent was more beneficial than the hydroquinone. In continue, we describe the preparation of surface functiona-
lized graphene nanosheets with octadecylamine. The products were characterized by Fourier transform infrared (FT-
IR), Raman spectroscopy, X-ray diffraction (XRD), Atomic force microscopy (AFM), Field emission-scanning electron
microscopy (FE-SEM) and X-ray photoelectron spectroscopy (XPS).
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1. Introduction

A graphite film consisting of only a single atom-
thick lattice-shaped layer of carbon is called graphene.
Although graphene structure have been known since the
1960s, it was not possible to isolate such a monolayer un-
til a few years ago. The feat was first achieved in 2004 by
Andre Geim and Konstantin Novoselov, who used adhesi-
ve tape to peel thin layers off a graphite crystal.'?

Graphene has astounding properties. It is transpa-
rent, 100 times stronger than the strongest steel and has a
very high electrical and thermal conductivity. These uni-
que properties make graphene an interesting candidate
for a number of applications currently under develop-
ment, as for instance transparent touch screens, light pa-
nels or solar cells. Combined with synthetic materials,
graphene opens up new vistas for materials that are both

highly resistant and very light-weight, to be used, for in-
stance, in satellite or aircraft construction.>” Technolo-
gical and engineering applications of graphene sheets
usually require graphene solutions (or dispersions). Dis-
persion can be achievable for graphene nanosheets
through chemical functionalization, because graphene it-
self cannot be dispersed in water or in any organic sol-
vent.*?

Graphite powders are usually used as raw materials
for bulk production of graphene sheets.'® Graphite is a
3D network of graphene and is inexpensive. Synthesis of
monolayer graphite was tried as early as in 1975, when
B. Lang et al. showed formation of mono- and multi-la-
yered graphite by thermal decomposition of carbon on
single crystal Pt substrates.'' After a long gap, scattered
attempts to produce graphene were reported again from
1999.!27" The technique has been and is being followed
since then, along with efforts to develop new processing
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routes for efficient synthesis of large-scale graphene inc-
luding micromechanical cleavage and exfoliation,' ther-
mal chemical vapor deposition techniques,'® plasma en-
hanced chemical vapor deposition techniques,'®!” che-
mical methods and other processing routes.'®*** Among
these methods, chemistry approach is the most suitable
for producing graphene sheets in large quantity.>*~* The
most common route to chemically exfoliate graphite is
the use of strong oxidants to produce graphene oxide.
Graphite oxide was first prepared by B. C. Brodie, where
it was treated with a mixture of KCIO, and nitric acid.”
Later, Hummers and Offeman used a mixture of sulfuric
acid, sodium nitrate, and potassium permanganate to
oxidize graphite.’’ Recently, many papers reporting a
modification of the Hummers method have been publis-
hed. For instance, Marcano et al. found that used of the
NaNO,, increasing the amount of KMnO,, and perfor-
ming the reaction in a 9:1 mixture of H,SO,/H,PO, im-
proves the efficiency of the oxidation process.* In Stau-
denmaier method,*® oxidation of graphite by
HNO,/H,SO, in 1:2 volume ratio in presence of KCIO,
in 5 days was carried out.

In this work, the modified Staudenmaier method
for the preparation of graphene oxide is described. In the
literatures, chemical reduction of graphene oxide sheets,
which obtained using Hummers and Staudenmaier met-
hods has been described.’*® But, in this article, the ef-
fect of two reductant agents (hydroquinone and hydrazi-
ne hydrate) and reaction time on reduction of graphene
oxide, which obtained based on the modified Staudenma-
ier method has been studied. In addition, the preparation
of functionalized graphene nanosheets with octadecyla-
mine was carried out. In earlier reported procedure, ini-
tial graphite oxide for preparation of functionalized grap-
hene obtained using the modified Hummers method,?” but
in this study graphene oxide prepared via the modified
Staudenmaier method with high exfoliation degree. Fou-
rier transform infrared spectroscopy and Raman spectros-
copy indicated the successful preparation of graphene
oxide, graphene and functionalized graphene nanosheets.
Also, evaluation of these products during the processes
was monitored by powder X-ray diffraction. Field emis-
sion-scanning electron microscopy and atomic force mi-
croscopy were used to demonstrate the morphology and
structure of produced graphene oxide, graphene and
functionalized graphene nanosheets. Also, in order to
identify the types and percentages of the functional
groups on the surface of the products, the Cls peaks of
the XPS spectra were studied.

2. Experimental

2. 1. Materials and Instruments

Graphite flakes was purchased from Sigma-Al-
drich with a particle size of 150 ym and 99.9% purity.

Other materials and solvents were of analytical grade,
commercially available and used without further purifi-
cation.

Infrared spectra were recorded as KBr disks on Ten-
sor 27 Bruker spectrophotometer. Raman spectroscopy in-
vestigated using a Senterra Bruker with 785 nm diode la-
ser excitation. The evaluation of prepared graphene oxide,
graphene and surface functionalized graphene sheets du-
ring the processes were monitored by powder X-ray dif-
fraction Philips PW 1800 diffractometer with Cu K4 ra-
diation. Atomic force microscopy was carried out on a
Denmark Dualscope/Rasterscope C26, DME microscope.
Field emission scanning electron microscopy measure-
ments was performed on a Hitachi S-4160 at an accelera-
ting voltage of 20 kV. The surface chemistry of graphene
oxide, graphene and functionalized graphene characteri-
zed on X-ray photoelectron spectroscope EA10 plus with
Al-Mg anode. The vacuum dried samples was employed
to detect the element compositions.

2. 2. Preparation of Graphene Oxide (GO)
Nanosheets

Here, Staudenmaier and the modified Staudenmaier
methods were used for preparation of graphene oxide. In
the first procedure, graphene oxide was prepared accor-
ding to the Staudenmaier method.** Oxidation process
was investigated in 1-7 days. In the second route, the mo-
dified Staudenmaier method was evaluated. In this met-
hod, concentrated HNO,/H,SO, in 1:3 volume ratio was
used to prepare graphene oxide. The graphite (1 g) was
added under vigorous stirring to cool acid mixture of
HNO, (63%) and H,SO, (98%) in 1:3 volume ratio. Then,
KCIO, (11 g) was added slowly over 2 h to avoid sudden
increases in temperature and allowed to stir at room tem-
perature for 4 days. The graphite oxide was re-dispersed
in a solution of hydrochloric acid (5% w/w), and washed
repeatedly with deionized water until the pH of the filtrate
was neutral and finally was vacuum dried. The as-obtai-
ned graphite oxide was re-dispersed in deionized water
and then exfoliated to generate graphene oxide nanosheets
by ultrasonication.

2. 3. Preparation of Graphene (G)
Nanosheets

The following reduction experiments the initial
graphene oxide obtained using the modified Staudenma-
ier method. For the preparation of graphene with hydro-
quinone as reducing agent, graphite oxide (0.100 g) was
dispersed in water (20 mL) through ultrasonication. Then,
the hydroquinone (0.125 g) was added to the dispersion.
The mixture refluxed at 100 °C for 11 and 22 h. The solid
product was isolated by centrifugation, washed with water
and ethanol and finally dried. The reduced graphene oxide
using hydrazine hydrate as reducing agent was prepared
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by the addition of hydrazine hydrate (1 mL) to a disper-
sion of graphite oxide (0.100 g) in water (100 mL). The
mixture was refluxed at 100 °C for 5, 12 and 24 h. The
product was isolated by centrifugation, washed with water
and methanol and finally dried.

2. 4. Preparation of Functionalized
Graphene (G-ODA) Nanosheets

For the preparation of functionalized graphene na-
nosheets with octadecylamine (ODA), the initial graphite
oxide was prepared using the modified Staudenmaier
method. The similar procedure was reported elsewhere,
which graphite oxide was prepared by modified Hummers
method.?” In brief, the suspension of graphene oxide
(0.200 g) in water (20 mL) was added to octadecylamine
(0.200 g) in ethanol (20 mL). The mixture was refluxed at
100 °C for 20 h, once the graphene oxide reacted with oc-
tadecylamine to form the GO-ODA. Then, hydroquinone
(0.250 g) was added, and the mixture was refluxed for
another 22 h to reduce GO-ODA to G-ODA. The solid
product was isolated by centrifugation, washed with water
and ethanol and finally dried.

3. Results and Discussion

3. 1. Characterization of Graphene Oxide
Nanosheets

Mixtures of HNO,/H,SO, (ratios of 1:2 and 1:3) and
KCIlO, were oxidized the natural graphite powders. Du-
ring this process, epoxy and hydroxyl groups lie on the
surface of each graphene layer, while the carboxyl groups
are located near the edges of basal planes of the graphite
structure.***® Simultaneously, carbon hydrolyzation
occurred and the sp” bonds changed to sp’ bonds. At the
same time, NO,", or SO 42’i0ns could insert themselves in-
to the graphene layer, inducing an increase in the interla-
yer spacing. !

Initially, in order to examine the effect of oxidation
time on preparation of graphene oxide and interlayer spa-
cing, oxidation reactions with HNO,/H,SO, in 1:2 volume
ratio and in during time 1 to 7 days were investigated. X-
Ray diffraction patterns at various oxidation stages are
shown in Fig. 1. As oxidation proceeds, the intensity of
the (002) diffraction line (d-space 3.35 A at 26.4°) in natu-
ral graphite was finally disappeared. Simultaneously, the
GO exhibited only one peak at 12.2° (Fig. 1). Also, the X-
ray diffraction pattern indicated that after 4 days of oxida-
tion treatment, the graphite powders were completely oxi-
dized to graphite oxide.

The interlayer distance between neighboring graphi-
te oxide layers in GO was increased with oxidation for 4
days (they are ~ 7.22 A apart), because of the intercalation
using oxygen-containig groups and moisture. Increasing

the reaction time (> 96 h) did not show any remarkable ef-
fect on the oxidation reaction and interlayer spacing (pro-
ved by the absence of further changes in the XRD analy-
sis, Fig. 1).

In the second route: examination of the effect of
HNO,/H,SO, amount on interlayer spacing and its com-
parison, oxidation of graphite with nitric acid and sulfu-
ric acid in 1:3 volume ratio (modified Staudenmaier met-
hod) for 4-day was performed.Resulted in a slightly ex-
panded interlayer distance to 9.13 A (26 = 11.6°). There-
fore, further increasing of oxidant agents in modified
Staudenmaier method is more beneficial than Stauden-
maier procedure. In general, well-oxidized carbon atoms
results in an increase in the interlayer spacing of GO rela-
tive to natural graphite. Hence, the interlayer distances
can be increased from 3.35 A of the original graphite to
7.22 A in Staudenmaier method and 9.13 A in modified
Staudenmaier method.

The FT-IR spectra of GO (a) in during time 4 days
and (b) modified method are presented in Fig. 2, respecti-
vely. As it can be seen, the characteristic peaks of graphene
oxide such as the stretching vibration of hydroxyl group
(—OH), the stretching vibration of C=0 from carboxylic
group, the vibration of O=C-O from carboxylate and the
vibration of C-O alcohol and C—O-C of epoxy groups cen-
tered at 3443, 1735, 1401, 1207 and 1055 cm™, respecti-
vely. Also, the peak at 1629 cm™ is attributed to the vibra-
tions of unoxidized graphitic domains, in these samples.*?
FT-IR spectra images of the two samples indicate that,
peaks intense for GO in modified method is sharper than
the same peak for GO 4 days and support the assertion that
GO modified has a more oxidation than GO 4 days.

Raman spectroscopy is a powerful nondestructive
tool to characterize carbon materials, particularly for distin-
guishing ordered and disordered crystal structures of car-
bon. The oxidation leads to a huge reduction in the size of
graphite nanosheets in GO, compared to the size of the na-
tural graphite flakes.** The Raman spectrum of the GO ob-
tained using the modified Staudenmaier method displays a
strong G line at 1592 cm™ assigned to the E,, phonon of
carbon sp? atoms, while the D line at 1332 cm™ attributed
to a breathing mode of x-point phonons of A, symmetry,
which is attributed to local defects and disorders. The over-
tone of the D line is located at 2622 cm™ (Fig. 3).

To identify the functional groups of GO obtained us-
ing the modified Staudenmaier method, XPS curve-fitted
and survey Cls spectra of GO are presented in Fig. 4. The
XPS spectrum of GO (Fig. 4a), clearly indicates a consi-
derable degree of oxidation with five components that
correspond to carbon atoms in different functional groups:
the un-oxidized sp? carbons or C=C at 284.3 eV, the oxi-
dized sp3 carbons or C—C at 285.6 eV, the C-O bonds,
which correspond to the epoxide and hydroxyl groups at
286.7 eV, the C=0 from carboxylic group at 287.5 eV and
O=C-0 bond attributed to carboxylate group at 289.03 e-
V (Table 1). Moreover, in Fig. 4b two peaks centered at
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286.8 eV and 533.9 eV can be assigned to Cls and Ols te powders can be achieved. In addition, the relative ato-
signals.*** The peak Ols is higher than the peak Cls for mic percentage of various functional groups in GO are gi-
GO. This result indicates that the full oxidation of graphi- ven in Table 1.

Table 1. The Cls peak position and the relative atomic percentage of various functional groups in GO obtained using the modified Staudenmaier,
graphene using different reducing agents and functionalized graphene with ODA.

Fitting of the Cl1s peak binding energy

Samples C=C sp? C-Csp? C-0 Cc=0 0=C-0 C-N
(eV)(%) (eV)(%) (eV)(%) (eV)(%) (eV)(%) (eV)(%)
GO 284.3 (6.1) 285.6 (39.7) 286.7 (13.4) 287.5(31.4) 289.03 (2.9) -
G-Hydroquinone 284.7(16.8)  285.6(50.1) 286.7 (18.2) 287.5(7.2) 288.3 (7.8) -
G-Hydrazine hydrate 284.8(27.9)  285.6(29.2) 286.7 (14.2) 287.5(1.7) 2884 (3.2) -
G-ODA 284.3 (1.8) 285.6 (33.3) 286.7 (20.5) 287.5(23.5) 289.03 (9.0) 285.9 (10.5)

MW“*‘HLWW'W m “TL-._- ;{1:,:

d — . ! i":.
{
I
|‘\
9 J \'/J \""-.___4 s GO_SID?L G- Hydrazine hydrate - 24h
B T

B et o4l B GO - Modified - 4Days
2 B
8 g
= A
] \I prom L GO - 1Day GO - TDays
bt s -
GO - 6Days
| b, GO- SDays
| Graphite e b e e e
- - - : . I I T 1 T
0 20 40 50 80 0 20 40 60 80
2 theta

2 theta

Fig. 1. X-ray diffraction patterns of graphite, graphene oxide obtained using Staudenmaier method (HNO,/H,SO, in 1:2 volume ratio) at 1-7 days,
graphene oxide obtained using modified Staudenmaier method (HNO,/H,SO, in 1:3 volume ratio) at 4 days, graphene and functionalized graphene.
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Figure 5 shows the SEM micrographs of GO. The
N.JJ appearance of bright edges and smooth stages across the
area arises from the presence of oxygenated functional
groups. Also, its layers are transparent and very thin.
Numerical and visual characterizations play an im-
5 portant role in the overall interpretation of surface topo-
g graphy. In fact, it is stated clearly that the 3D characteriza-
B 25000
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=, 15000 1332
! :
1085 £ 10000
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5000
3443 0 k
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Fig. 2. FT-IR spectra of graphene oxide (a) Staudenmaier and (b) Fig. 3. Raman spectrum of graphene oxide nanosheets.
modified method.
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Fig. 4. XPS (a) curve-fitted and (b) survey Cls spectra of graphene oxide nanosheets obtained using the modified Staudenmaier method.
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Fig. 5. SEM images of graphene oxide nanosheets.

tion of surface topography must include both numerical
and visual characterization. The recorded data can be pre-
sented in different ways: as profile peaks, surface valley
depth, height distribution columns etc. Two parameters
(i.e., the profile scan and height distribution) were used in
this investigation. The results of surface topography mea-
surements are presented in Fig. 6. The exfoliation to ac-
hieve graphene oxide sheets obtained using the modified
Staudenmaier method has been most typically confirmed
by thickness measurements of the single graphene sheet
(~1.1 nm height) using atomic force microscopy.

3. 2. Characterization of Graphene
Nanosheets

After chemical reduction through refluxing with
hydroquinone and hydrazine hydrate, graphene oxide na-
nosheets were reduced to graphene nanosheets and resto-
red to an ordered crystal structure.

Figure 7 shows the XRD patterns of GO before and
after treatment with hydroquinone and hydrazine hydrate
as reducing agents in the different times. We observe gra-
dual changes in the patterns after 22 and 24h reaction time
for reduction with hydroquinone and hydrazine hydrate.

The interlayer distance obtained using the modified Stau-
denmaier method is 9.13 A (260 = 12.2°) with reduction,
the interlayer distance is expected to contract due to the
removal of such functional groups. The peak of the large
interlayer distance disappeared completely and a peak
near 3.356 and 3.361A (26 = 26.5°) respectively for
hydrazine hydrate and hydroquinone became visible. This
implied that most of the functional groups were removed
after the reduction.

Raman spectroscopy was employed to analyze the
structural changes during chemical processing from grap-
hene oxide to reduced graphene oxide. After chemical re-
duction of graphene oxide, the conjugated graphene net-
work (sp? carbon) will be reestablished. However, the size
of the reestablished graphene network is usually smaller
than the original graphite layer, which will lead to the in-
crease of intensity of the D/G consequently. As seen from
Fig. 8, the Raman spectrum of reduced graphene oxide
obtained using hydroquinone and hydrazine hydrate as re-
ducing agents contains both G band which shifted back to
1584 cm™ and D band at 1312 cm™.

The XPS curve-fitted and survey Cls spectra of re-
duced graphene oxide with hydrazine hydrate in during 24
h are presented in Fig. 9. The reduction process elimina-
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Fig. 8. Raman spectrum of graphene nanosheets obtained using (a)
hydroquinone and (b) hydrazine hydrate.

ted much of the oxygen on the surface of GO, resulting in
the restoration of the conjugated graphene network. Seen
from Table 1, the C=0 bonds decreased significantly in all
samples, which was probably due to the reduction of car-
boxylic groups. Meanwhile, in Fig. 9b two peaks centered
at 286.8 eV and 533.9 eV can be assigned to Cls and Ols
signals. The peak Cls is higher than the peak Ols for
graphene nanosheets. This indicates that the restoration a
part of conjugated graphene networks can be achieved by
the increase in sp? carbon content.

Figure 10 illustrates the SEM images of graphene.
The view of reduced graphene oxide reveals the agglome-
ration of rippled silk-like graphene. Also, images of grap-
hene further confirm the appearance of transparent with
wrinkles and folds.

Hydrazine hydrate, unlike other strong reductants,
does not react with water and was found to be the best one
in producing very thin and fine graphite-like sheets.*>*
Also, the other advantages of this reductant agent are sim-
pler protocol and higher yield.
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Fig. 9. XPS (a) curve-fitted and (b) survey Cls spectra of graphene nanosheets.
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Fig. 10. SEM images of graphene nanosheets.

3. 3. Characterization of Functionalized
Graphene Nanosheets

Graphene nanosheets that are freshly prepared via
chemical reduction are non-dispersible in solvent. We pre-

Scheme 1. The synthesis route of functionalized graphene with ODA.

{

.3"

_’\——e('qu v xe g,grcs .e@sm

28.8kV X6.88K 'S.BBsm

pared soluble graphene nanosheets by attaching octadecy-
lamine (ODA) molecules to the graphene oxide obtained
using the modified Staudenmaier method and reduction
by hydroquinone through a reflux process. In the first
step, GO nanosheets react with ODA and form GO-ODA,
during which the carboxyl groups react with the amine in
ODA by the formation of the amide bond. In the second
step, GO-ODA nanosheets were reduced to G-ODA by
hydroquinone (Scheme 1).

Figure 11 shows FT-IR spectra (a) graphene obtai-
ned using hydroquinone and (b) functionalized graphene
with ODA. The intense asymmetric bands of the alkyl
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group at 2848 and 2919 cm™' correspond to the C-H
stretching vibrations in ODA. We also observed a band in-
dicating the amine group (N-H) at 1459 cm™' for ODA at-
tached to graphene.’’

~
I
i &
] -
:
=
R
|
=]
: I
: !
3
I I
(=]
g
35i]l] 3I]Il]I] 25i]l] 21]i]l] lgl]ﬂ lI;Il]lI 5Il]l]

Wavenumber (cm-1)

Fig. 11. FT-IR spectra of (a) graphene nanosheets obtained using
hydroquinone and (b) functionalized graphene with ODA.

Figure 12 depicts the XRD patterns of graphene na-
nosheets obtained from hydroquinone and (b) functionali-
zed graphene with ODA. The graphene nanosheets show a

bL/\NWM
a) J h
20 40 60 80

2 theta

Intensity

0

Fig. 12. X-ray diffraction patterns of (a) graphene nanosheets ob-
tained using hydroquinone and (b) functionalized graphene with
ODA.

peak at (260 = 26.5°) with interlayer distance 3.361 A,
which is almost the same as that of graphite. For functio-
nalized graphene, the strongest diffraction peak appearing
at (20 =122.1°) correspond to a d-spacing of 4.01 A, which
is slightly higher than that of the graphene nanosheets. In-
terlayer spacing between graphene sheets increases due to
functionalization of graphene sheets by ODA molecules.

Raman spectra of (a) graphene obtained using
hydroquinone as reducing agent and (b) functionalized
graphene with ODA are shown in Fig. 13. After chemical
modification of graphene, the Raman spectrum of G-ODA
contains both G band at 1578 cm™ and D band at 1309
cm'. The results from the XRD and Raman spectra imply
that the structure of the graphene nanosheets has been
maintained after chemical functionalization.

b)

Raman Intensity
)

a)

0 500

—

1000 1500 2000 2500

3000 3500
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Fig. 13. Raman spectrum of (a) graphene nanosheets obtained us-
ing hydroquinone and (b) graphene functionalized with ODA.

We have employed XPS for the surface information
of G-ODA. To identify the functional groups, both the
XPS curve-fitted and survey Cls spectra of G-ODA are
presented in Fig. 14. The XPS spectrum of G-ODA, clear-
ly indicates a considerable degree of functionalization of
surface graphene with six components that correspond to
carbon atoms in different functional groups: the non-oxy-
genated carbons or C=C sp? at 284.3 eV, the sp® carbons or
C—C at 285.6 eV, the C-N bonds, which correspond to
ODA molecules attached to the graphene nanosheets at
285.9 eV, the C-O bonds, which correspond to the epoxi-
de and hydroxyl groups at 286.7 eV, the C=0 from amide
group at 287.5 eV and O=C-0O bond attributed to car-
boxylate group at 289.03 eV (Fig. 14 a). As shown in Fig.
14b, there are three elements in the XPS spectra, namely
carbon, nitrogen and oxygen without other elements. The
peaks centered at 286.8 eV, 399.8 eV and 533.9 eV can be
assigned to Cls, N1s and Ols signals. Also, the relative
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b)

Fig. 14. XPS (a) curve-fitted and (b) survey Cls spectra of graphene nanosheets functionalized with ODA.
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Fig. 15. SEM images of graphene functionalized with ODA.
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atomic percentage of various functional groups is given in
Table 1.

Scanning electron microscopy images of G-ODA
nanosheets are shown in Fig. 15. Transparent and resemb-
ling rippled silk waves, are clearly observed.

4. Conclusions

The modified Staudenmaier method via performing
oxidation reaction of graphite with HNO,/H,SO, in 1:3
volume ratio at 4 days, improved the efficiency of the oxi-
dation process of Staudenmaier for the preparation of
graphene oxide. It is to be noted that all the experiments
such as reduction and fictionalization, the initial oxide
was used based on the modified Staudenmaier method
with high exfoliation degree. The chemical reduction of
graphene oxide was studied using the common reducing
agents such as hydroquinone and hydrazine hydrate. The
advantages of hydrazine hydrate are simpler protocol and
higher yield. Therefore, treatment of graphene oxide with
hydrazine hydrate can be better than hydroquinone. After
surface fictionalization, the crystal structure of the grap-
hene nanosheets was maintained intact.
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Povzetek

V ¢lanku je predstavljena primerna kemijska metoda priprave nanoplastigrafenovega oksida. Z namenom preucevanja
vpliva razmerij HNO,/H,SO, na medmreZne razdalje smo oksidirali grafit sSHNO, in H,SO, v volumskih razmerjih 1:2
in 1:3. Optimalne rezultate smo dosegli, e je reakcija potekala $tiri dni in v primeru, ko je bilo volumsko razmerje med
HNO, in H,SO, enako 1:3 (uporabljena je bila modificirana metoda po Staudenmaierju). Glede na rezultate lahko rece-
mo, da modificirana metoda po Staudenmaierju izbolj$a ucinkovitost tvorbe plasti in oksidacijski proces. Preucevali
smo tudi kemijsko redukcijo grafenovega oksida s hidrokinonom in hidrazinovim hidratom. Na osnovi rezultatov lahko
sklepamo, da je hidrazinov hidrat kot reducirni reagent primerne;j$i od hidrokinona. Opisana je tudi priprava grafenskih-
nanoplasti, povrsinsko funkcionaliziranih z oktadecilaminom. Produkte smo karakterizirali z razli¢énimi instrumentalni-
mi tehnikami: infrardeco spektroskopijo (FT-IR),ramansko spektroskopijo, rentgensko praskovno difrakcijo(XRD), mi-
kroskopijo na atomsko silo (AFM), vrsti¢no elektronsko mikroskopijo na poljsko emisijo (FE-SEM), rentgensko fotoe-
lektronsko spektroskopijo (XPS).
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