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Reduced graphene oxide(rGO)—silver(Ag) nanocomposites have been prepared
by using solution based facile one-pot synthesis process. The reaction process
involves high-temperature liquid-phase exfoliation of graphite oxide and
silver acetate in presence of N-N'dimethylformamide (DMF) solvent, resulting
in simultaneous formation of rGO as well as Ag nanoparticles. Different
nanocomposites have been prepared by varying the ratio of graphite oxide
and Ag ions during the reaction. The crystal structure, chemical structure,
morphology, and photoluminescence properties have been investigated by using
powder X-Ray Diffraction (XRD), Raman spectroscopy, Fourier Transform Infra-
Red spectroscopy (FTIR), Atomic Force Microscopy (AFM), Scanning Electron
Microscopy (SEM), and Photo Luminescence (PL) spectroscopy techniques
respectively. The microscopic studies reveal a uniform distribution of silver
nanoparticles of size ~ 200 nm on to graphene layers. Further, average defect
distance in the graphene layers was estimated to be 11 nm from Raman peak
ratio in these nanocomposites. These nanocomposites showed luminescent
emission around 410 nm and intensity of emission enhanced significantly for
the nanocomposites comprising more silver nanoparticles, which may be due
to resonant energy transfer between Ag metal and rGO.
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INTRODUCTION

Graphene based composites have attracted
attention of the research community due to their
numerous potential applications in the field of
water purification, energy storage, photocatalysis,
sensors, biological applications etc. [1-6]. Among
these, graphene metal based composites are
a matter of interest due to the presence of
nano-sized metals within graphene layers. They
provide interesting physical properties arising
from both graphene layers and nanoparticles.
These composites also provide the opportunity
for tailoring the composite properties by varying
the metal ion content within composites. Ag
nanoparticles have been widely explored for their
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use in different applications viz. sensing, photonics,
antimicrobial coatings, and water purification
applications etc. [7-11]. Recently, graphene-Ag
nanoparticle-based nanocomposites have been
reported to exhibit improved properties for their
applications in catalysis, antibacterial, biomolecule
detection etc. [12-15]. However, the applications
of these nanocomposites are restricted due to
the limitation of material quality as it is highly
dependent on preparatory methods. Further,
uniform dispersion of nanoparticles in graphene is
an issue which affects the functional properties of
the nanocomposites. Considering the importance
of such nanocomposites, it will be interesting to
establish a facile and economic method to prepare
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such nanocomposites with high yield and quality
for practical uses.

In the preparatory side, different synthesis
methods viz. hydrothermal, microwave-assisted
reduction, thermal annealing etc. have been
utilized for the preparation of graphene-Ag
nanoparticle based nanocomposites [15-17]. In
these methods, several reducing agents such as
NaBH,, citric/ascorbic acid, and L-arginine are
used for reduction of AgNO, precursor [8,18-20].
Similarly, N-N’dimethylformamide (DMF) solvent
has also been reported to act as a reducing
agent and used for reduction of AgNO,, AgCIO,,
CH,COOAg to Ag metal [21-22] and for reduction
of graphene oxide by high-temperature process
[23]. There are several reports in which authors
have utilized DMF as a solvent for dispersion and
exfoliation of graphite oxide to prepare graphene
oxide sheets [24, 25]. Yang et al. carried out
reduction of AgNO, onto graphene oxide in DMF
through sonochemical route [26]. In most of these
methods, various complex steps are involved in
the formation of the nanocomposites which are
time consuming. Therefore, preparation of such
nanocomposites always becomes challenging to
obtain quality materials.

To the best of our knowledge, no such reports
are available for simultaneous formation of rGO
from graphite oxide and Ag nanoparticle in a single
step to obtain rGO-Ag nanocomposites. In this
paper, we report facile, one-pot synthesis method
for preparation of rGO—Ag nanocomposite,
wherein exfoliation of graphite oxide to form rGO
and reduction of Ag precursors to Ag takes place
simultaneously. The simultaneous formation of
rGO layers and Ag particles offers advantages for
the homogeneous distribution of Ag onto rGO

layers, leading to better nanocomposite materials.
The concentration of Ag ions is varied during
the reaction process to obtain nanocomposites
comprising different concentrations of Ag
particles. The as-synthesized materials have been
characterized by using XRD, Raman, FTIR, AFM,
SEM, and PL techniques.

MATERIALS AND METHODS

All chemicals used in synthesis were of
laboratory grade. Graphite oxide was synthesized
from graphite by modified Hummer’s method [27,
28]. For preparation of graphite oxide, 230 mL of
18M H_SO, was taken in a beaker (5 L capacity) and
cooled to 5 °C using an ice bath. To this reactant,
a mixture of powdered flake graphite (10 g) and
NaNO, (5 g) was added gradually under constant
stirring. Subsequently, addition of KMnO, (30
g) was carried out slowly while maintaining the
temperature below 10 °C. The temperature of
reaction mixture was then allowed to increase up
to 40 °C by removal of the ice bath. The reaction
mixture was then kept stirring for 1 hour ftill it
turned to grey-brown paste. Further, 460 mL of
Distilled Water (D.W.) was gradually added to this
paste, allowing the mixture temperature rise up
to 95 °C. The reaction mixture was diluted with
1.4 L of D.W. and further treated with 20 mL of
30% H,0,. The resultant brown solution was then
vacuum filtered and washed with D.W. Finally, the
product was treated with 100 mL of dilute HNO,
(5M concentration) to remove residual metal ions
from the product, again washed with D.W., and
dried in a vacuum oven at 50 °C.

For the nanocomposites preparation, graphite
oxide and silver acetate were taken in predefined
ratios and homogenized in a mortar pestle. The
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Fig. 1. Schematic of one pot synthesis of rGO-Ag nanocomposite

548

J Nanostruct 9(3): 547-555, Summer 2019
[



M. Sharma et al. / In-situ Reduced Graphene Oxide-Ag Nanocomposite

Table 1: Sample nomenclature and precursor quantities for
nanocomposites

Sample  Graphite Silver Acetate
Code Oxide (in mili moles)
S 15¢g 0
S l5¢g 2.5
S, 15g 5
S; 15¢g 10
S4 l5g 20

mixture was then transferred to a round bottom
flask containing 100 mL DMF solvent and refluxed
at 150 °C for 4 hours. Subsequently, the product
was cooled to ambient temperature, filtered,
washed repeatedly by methanol to remove
residual solvent. Finally, the obtained product
was dried in a vacuum oven at 60 °C. Schematic
of the nanocomposite formation is shown in Fig.
1. In this process, the solvent DMF acts as an
exfoliation medium to form graphene oxide from
graphite oxide as well as the reducing agent to
facilitate simultaneous formation of rGO and Ag
nanoparticles. The ratio of graphite oxide and silver
acetate precursors are varied to obtain different
nanocomposite materials as given in Table 1.
Powder XRD characterizations of the
nanocomposites were carried out using a Philips
X'Pert Pro system using Cu K * (A=1.54 A) radiation
to investigate the crystalline phases present in
the samples. Raman spectra of the samples were
recorded using an Avalon Raman Microscope R3-
532 using argon ion laser (A=532 nm). FTIR spectra
were recorded using JASCO 610 FTIR spectrometer

using KBr pellets in transmission mode. The
morphological studies of the samples have been
carried out using an AFM, NT-MDT Solver TS
150. The samples were prepared by spraying
a colloidal solution of the nanocomposites on
a freshly cleaved mica substrate. SEM studies
were carried out using Carl Zeiss SMT Ltd, EVO-
MA 15 instrument. For these, the samples
were spread onto a conductive carbon tape. A
Spectrofluorometer, JASCO FP-6500, employing
150W Xenon flash lamp and R938 Hamamatzu
PMT detector was used for room temperature PL
studies of samples.

RESULTS AND DISCUSSIONS

Fig. 2 shows the XRD spectra of as-prepared
rGO and graphite oxide. From the figure, it is
seen that diffraction peak appears at lower 26
angle 10.9° due to (001) plane of graphite oxide.
The interlayer distance of graphite oxide was
calculated using Bragg’s law, n.A=2.d.sinB, where
n=order of diffraction, A=1.54 A (wavelength of
X-ray), d=inter-planer distance, and B=angle of
diffraction. The interlayer distance is found to be
~ 4,07 A for this peak which is greater than that
of graphite (3.35 A). However, after exfoliation in
DMF, this peak completely disappeared and broad
diffraction peaks appeared at 20 angle 25°, 43°,
and 72.7° corresponding to (002), (100) and (110)
planes of rGO layers respectively (sample S ). The
peaks confirm the formation of rGO during liquid
phase exfoliation of graphite oxide in DMF. From
Bragg’s law calculation, the interlayer distance is
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Fig. 2. X-ray diffractogram of Graphite oxide, rGO and rGO—-Ag nanocomposites
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found to be ~ 3.56 A for (002) diffraction peak for
rGO. The average stacking height of graphene layers
was calculated by using Scherrer’s equation - A
where D=Crystallite size, A=1.54 A (wavelength
of X-ray), B=full width of peak at half maxima,
K=constant (0.89), and B=angle of diffraction. The
average stacking height is calculated to be 1.34 nm
for (002) diffraction peak. Similarly, for estimation
of the lateral size of rGO sheets, diffraction angle for
peak (110) and K=1.84 were utilized in Scherrer’s
equation [29]. The lateral size of rGO in the present
synthesis was found to be ~ 18 nm. The ratio of
stacking height to interlayer distance in rGO sample
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comes out to be 3.76, indicating average stacking
of ~ 4 graphene sheets. Further, in case of rGO—
Ag nanocomposites (S, to S, samples), additional
diffraction peaks appeared in XRD spectra at 20
angles of 38.0°, 44.1°, 64.3°, 77.3°, corresponding to
(111), (200), (220), and (311) planes of face-centred
cubic structure of pure Ag respectively (JCPDS file
no. 04-0783). However, with an increase of Ag
precursor content in nanocomposites, the broad
peaks due to rGO get subdued, probably due to
prominent peaks of crystalline Ag. The intensity of
XRD peaks of Ag also increased with increase of Ag
content in the samples.
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Fig. 3. Raman spectra of rGO-Ag nanocomposites
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Fig. 4. FTIR spectra of graphite oxide, reduced graphene oxide and rGO-Ag nanocomposites
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Raman spectroscopy has been widely used for
characterization of graphene-based materials [30-
32]. The Raman spectra of nanocomposites are
shown in Fig. 3. All the spectra show two Raman
scattering bands due to graphene layers. The G
band, corresponding to first order E,, scattering,
is seen at ~ 1595 cm™. The observed upward shift
as compared to G band scattering of graphitic
structures (~1585 cm?) in the present study, is
attributed to stress in the graphene layer [33,
34]. Similarly, another peak is observed at ~ 1355
cm™ corresponding to D band, attributed to A,
mode of graphene layer [35]. A high ratio of D/G
band intensities gives an indication of reduced
sp? domains [36]. The intensity ratio of D and G
peaks, (I./1.) were calculated from the spectra and
found to be ~ 0.94, 0.96, 0.97, 0.95, and 1.05 for
samples S to S, respectively. There is a possibility
that defects get introduced in rGO sheets during
synthesis as well as by doping with metals etc.
[37]. In view of this, the average distance between
defects in graphene sheets needs to be estimated.
The average distance between defects L related to
(1/1), can be expressed by the following equation
[38]:

L;(nm)=1.8x10*9zjx%

G

(1)

where )\L=514 nm. Using the above relation, the
average defect distance is estimated to be 11.56
nm, 11.44 nm, 11.38 nm, 11.5 nm, and 10.94 for
samples SO to S4 respectively. It is noted here that

0 1 2 3 4
Fig. 5. Atomic Force Micrograph of rGO-Ag nanocomposite(Sample S,)
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the increased doping of Ag in rGO reduces the
average distance between defects. Further, the
peak at ~ 2695 cm™ is attributed to 2D band of
rGO layers [39]. 2D peak intensity gets significantly
reduced with the increase of Ag content in
nanocomposites. This is in agreement with the
earlier study carried out by Das et al. wherein
they observed the decrease in IZD/IG ratio with an
increase in doping of graphene layer [40].

FTIR spectra of the samples are shown in Fig. 4.
For graphite oxide, the broad absorption band ~
3440 cm™ is attributed to O-H stretching vibration
of hydroxyl groups. Similarly, peaks ~ 1627 cm™
and 1725 cm™ are attributed to >C=0 stretching of
carbonyl groups. The peak ~ 1052 cm™ is observed
due to C-O stretching in hydroxyl groups. These
peaks are not observed in the rGO as well as
rGO—Ag nanocomposites. The above observations
indicate that graphite oxide is exfoliated to
graphene oxide and subsequently reduced to rGO
in presence of DMF solvent [23].

AFM micrograph taken on the nanocomposite
sample S4, in phase contrast mode, reveals the
dispersion of Ag particle over rGO matrix (Fig. 5).
The size of Ag metal particles is observed to be
~230nm. Further, SEM micrographs taken on the
nanocomposite samples SO and S4 are shown in
Fig. 6. From the micrographs, layer morphology
is observed for pure rGO (Fig. 6a), whereas Ag
particle impregnated over rGO are observed for
sample S4 (Fig. 6b). The shape of the Ag particles
is found to be spherical with size ~ 200 nm.

PL spectra of the samples have been recorded
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Fig. 6. Scanning Electron Micrograph of (a) rGO (sample S ) and (b) rGO-Ag nanocomposite (Sample S,)
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Fig. 7. Photo Luminescence spectra of rGO—Ag nanocomposites (a) Emission spectra, (b) Excitation spectra, (c) Deconvolution

of emiss

to investigate their luminescence properties.
Fig. 7 shows emission and excitation spectra for
the as-synthesized nanocomposites. As evident
from the Fig. 7a, broad emission at ~ 411 nm,
corresponding to band gap of 3.02 eV is seen

552

ion spectrum

for the nanocomposites. The corresponding
excitation wavelength maxima at ~ 339 nm (3.66
eV) can be seen for all the nanocomposites (Fig.
7b). Interestingly, we have observed a six-fold
increase in the intensity of PL emission for sample
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S, in comparison to other samples. Similarly, the
intensity of excitation spectra in sample S, is
found to be high as compared to other samples
indicating more energy absorption by sample
comprising more Ag metal particles. The rGO
sample (S,) shows emission with lesser intensity.
The similar blue emission from the chemically
derived graphene oxide has been observed by
earlier authors [41, 42].

Gan et al. have reported PL properties of
solvothermally reduced graphene oxide in DMF
and observed a multi peak emission from rGO
upon excitation with 340 nm wavelength, and
corresponding blue emission spectrum was fitted
to show two emission peaks [43]. The genesis of
PL in graphene has been attributed to structural
defects and/or oxygen containing functional
groups in general. Particularly, the blue emission
occurs due to localized sp?/sp® regions, where
electron-hole recombinations take place [44, 45].
Chien et al. have noted in their study that among
different rGO samples, blue PL was exhibited by
highly reduced graphene [46].

In our study, the enhanced peak emission
intensity was observed for the nanocomposite
comprising more Ag particle content. The broad
emission peak of sample S, was deconvoluted
into two constituent peaks at 409 nm and 447
nm respectively, by Gaussian fitting (Fig. 7c).
Gan et al. have noticed that longer wavelength
in the deconvoluted emission spectra appeared
due to the presence of functional groups/metal
ions on the graphene surfaces [43]. Long wave
PL enhancement has been attributed to resonant
energy transfer between metal and sp? domains of
rGO [47]. In another study, Wang et al. have shown
the possibility of PL enhancement in graphene
quantum dots by Ag nanoparticles [48].

Although there are an immense amount of
reports on PL emission property of Ag nano metal/
nano clusters, the underlying mechanism behind
PL is different and depends on various factors like
size, ligands, dispersion medium, particle surface
topography etc. In the present study, excitation
of electrons takes place from occupied d bands
above the Fermi level and subsequent electron-
phonon and hole-phonon scattering processes.
This leads to an energy loss. Finally, PL radiative
recombination of electron from occupied sp?
level with hole takes place to give emission [49,
50]. From above-mentioned observations, the PL
emission from the nanocomposites is attributed to

J Nanostruct 9(3): 547-555, Summer 2019
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rGO as well as to the presence of Ag metal in the
nanocomposites. Further, enhanced PL emission
intensity for sample S, may be due to the presence
of more Ag particles resulting in resonant energy
transfer between metal and rGO.

CONCLUSION

A facile, one-pot synthetic route has been
demonstrated for preparation of rGO-Ag
nanocomposites. In-situ exfoliation of graphite
oxide and reduction of Ag ions into Ag has been
confirmed by XRD studies. The Ag nanoparticles
are found uniformly distributed on rGO layers. The
nanocomposites containing more Ag show strong
blue PL emission ~ 410 nm. These nanocomposites
may be useful for water purification, antibacterial
and bio-molecule detection applications.
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