
Journal of Ceramic Processing Research. Vol. 20, No. 4, pp. 442~448 (2019)

(Received 30 April 2019, Received in revised form 30 July 2019, Accepted 2 August 2019)

442

J O U R N A L O F

Ceramic
Processing Research

Surface-enhanced Raman scattering of reduced graphene coated with silver

nanoparticles

Shivi Rathorea, Dinesh Kumar Patelb and Po-Da Honga,*
aDepartment of Materials Science and Engineering, National Taiwan University of Science and Technology, Taipei, 10607,

Taiwan
bDepartment of Physics, National Taiwan University, Taipei, 10617, Taiwan

Recently carbon based materials such as graphene and silver nanoparticles hybrid become very important for a variety of
applications including bio-medical, waste water treatment, solar energy, chemical sensors, electronics etc. We have studied the
Surface Enhanced Raman Spectroscopy (SERS) of reduced graphene oxide modified with silver nanoparticles. First, graphene
oxide was synthesized by oxidation of graphite powder using KMnO4, NaNO3, H2SO4 and H2O2 and then silver nitrate along
with graphene oxide were reduced chemically using Hydrazine Hydrate and the mixture is known as graphene- silver NPs
hybrid. The structural and morphological properties of prepared samples were characterized by means of scanning electron
microscope (SEM), UV-visible spectroscopy and Raman spectroscopy. We found that the D peak, G peak and 2D peak intensity
of Raman spectra has been amplified many times with silver nanoparticles as well as silver nanoparticles intercalate between
the layers of graphene oxide, therefore it is also helpful in reduction of graphene oxide. 
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Introduction

Graphene is a single atomic layer sheet of hexagonally-

arranged, sp2 bonded carbon atoms having a honeycomb

structure [1]. It has good thermal conductivity (about

5000 Wm−1K−1), electrical conductivity (0.96 × 106 Ω−1

cm−1), high mechanical strength, and desirable optical

properties [2]. The list of its potential applications is

correspondingly vast, ranging from uses in the field of

composites [3], nanoelectronics [4], energy storage

devices [5], transparent electrode for display [6], solar

cells, thin film transistors, touch panels, foldable

computers, and photo detectors [7, 8]. Nowadays,

intense research is being carried out for the integration

of graphene and specific metallic nanoparticles like

silver, gold and copper, to produce a new generation of

hybrid materials, and much of it is driven by such

materials’ prospects as sensors, energy storage devices,

and general catalysis and super capacitors [9-14].

Metal nanoparticles like Au, Ag, and Cu have unique

magnetic, electronic, and optical properties. With a

high surface-to-volume ratio, their electronic properties

change exceptionally, because the spatial length scale

of the electronic motion and the density of the electronic

states reducing with decreasing size [15]. Metallic

nanoparticles show interesting optical and electronic

effects on the 10 nm to 100 nm length scales, primarily

because the corresponding mean free path of an

electron in metals [16].

In addition, Ag nanoparticles and Au nanoparticles

have excellent antibacterial activity and low cytotoxicity

as compared to other nonorganic materials, so these

can be used in clinical, biomedical, and water filtration

fields [17-20]. For instance, graphene-Ag nanoparticle

hybrid sheets are able to remove heavy metals like Hg

(II) from water [21, 22] while preventing the Ag

nanoparticles from accumulating in the filtered water

[23].

Metallic nanoparticles (Ag, Au, and Cu) play an

important role in wide number of applications such as

surface enhanced Raman scattering (SERS), display

devices catalysis, microelectronics, light emitting diodes,

photovoltaic cells and also in medical or biological

applications [24]. Moreover, metal nanoparticles

decorated on graphene can alter its electronic, optical

and catalytic properties substantially by changing the

band gap. This is because of the strong interaction

between light and metal nanoparticles due to the

localized surface Plasmon resonance (LSPR) leading to

a large local electromagnetic field. This electromagnetic

field capable of enhancing Raman scattering signal

enabling single molecule SERS [25]. Insertion of the

nanoparticles on the graphene-based matrix is an

important study for the exploration of their properties

and application [24].
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Materials and Experiment

Graphite powder, KMnO4, 98% H2SO4 and 30%

H2O2 aqueous solution were purchased from Qualigens.

25% ammonia solution and Hydrazine Hydrate solution

(reagent grade) were purchased from LOBA Chemie

and Silver Nitrate (AgNO3) 99.9% (metal basis) was

obtained from RFCL Limited.

Preparation of graphite oxide
Graphite oxide was prepared by modified Hummer

and Offeman method. The details are as follow: 1 g of

natural graphite powder was taken in a 250 mL beaker

placed in ice bath 0.5 g of NaNO3 and 30 mL of sulfuric

acid were added subsequently to the graphite powder

and stirred continuously, 3 g of KMnO4 was then slowly

added into the beaker under stirring condition and the

temperature of the solution was controlled at 20 oC.

After 30 minutes the ice bath was removed and the

mixture was heated at 35 oC for about 30 minutes.

Then 45 mL of distilled water was slowly added into

the solution and stirred for 30 minutes. This was

followed by addition of 40 mL hot distilled water and

10 mL of 30% of H2O2 aqueous solution till the

bubbles disappeared. The colour of the solution turned

to yellow. Finally the solution was centrifuged at 8000

rpm for 10 minutes to remove un-exfoliated graphite

oxide. The residue was washed with warm water until

it becomes neutral (pH = 7). Finally the residue was

dried at 65 oC in oven [26-28].

Preparation of graphene oxide
For the preparation of graphene oxide (GO), the 0.01

g powder of prepared graphite oxide was mixed in 100

ml distilled water in a 50 mL round bottom flask. The

solution was ultrasonicated for 2 hours. A yellow brown

suspension of graphene oxide was obtained [27].

Preparation of reduced graphene oxide
The 100 mL of graphene oxide solution was first

taken in a 250 mL round bottom flask. 315 µL of 25%

ammonia solution was then added through micro piped

and mixture was stirred up to 5 minutes, then 35 mL of

hydrazine hydrate was added into it and solution was

stirred for 15 minutes. Whole mixture was placed in oil

bath at 90 ºC for 2 hours under the condition of constant

with water cooled condenser attached to it Finally we

got black coloured solution of reduced graphene oxide

(rGO).

Preparation of silver coated reduced graphene oxide
First, took the 100 mL of prepared graphene oxide in

250 mL round bottom flask and then 150 µL of

hydrazine hydrate solution was added into it and

mixture was stirred for 5 minutes. The pH of mixture

was adjusted to 10 by adding 200 µL of ammonia

solution (25% in water). The whole mixture was placed

in oil bath at 90 oC for two hours under constant

stirring condition. After 2hour AgNo3 aqueous solution

was added drop wise into graphene oxide dispersion

and stirred for 20 minutes to obtained black coloured

reduced graphene oxide and silver nanoparticles hybrid

dispersion [29]. The volume ratio of AgNo3 solution

to reduced graphene oxide dispersion was (1:1).

Similarly three more samples in the ratio 2:1, 4:1 and

8:1 of silver nitrate and reduced graphene oxide was

synthesized. In Fig. 1 different colour contrast shows

the different concentration of Silver nanoparticles with

reduced graphene oxide.

Results and Discussion

The detail of SEM image has shown in Fig. 2(a). In

which Graphene oxide was synthesized by the Hummers

Method. We used Hydrazine Hydrates as a reducing

agent to reduce the graphene oxide which is shown in

Fig. 2(b). And reduced graphene oxide-silver hybrids

with increasing concentration of silver nanoparticles

are shown in Fig. 3. The discrete bright dots of silver

nanoparticles are uniformly distributed on the reduced

graphene oxide sheets. Some silver nanoparticle

aggregations are also seen on the reduced graphene oxide

surface. Therefore the results indicate the formation of

reduced graphene oxide-silver nanoparticles hybrids.

The ultra-violate visible (UV-V) absorption spectra

of silver doped reduced graphene oxide are shown in

Fig. 4. It shows that there are only two prominent

peaks at 216 nm and 400 nm. The 400 nm peak arises

due to the surface Plasmon resonance (SPR) of silver

nanoparticles and the peak at 216 nm belongs to the

graphene. 

Fig. 5(a), is the zoom of Fig. 4 from 200 to 350 nm

range. It shows graphene peak without silver doped is

around 206 nm and silver doped rGO around 216 nm,

which is blue shifted by 10 nm. This blue shift occurs
Fig. 1. Silver and reduced graphene oxide hybrid of the volume
ratio (a) 1:1, (b) 2:1, (c) 4:1, (d) 8:1.
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due to the charge transfer interaction between rGO

and silver nanoparticles. Also, the position of silver

decorated rGO shifted from 216 nm to higher wave

number due to some reaction between graphene and

silver nanoparticles. Therefore, silver nanoparticles have

some effect on the rGO absorption peak. Fig. 5(b) is UV

visible spectra of rGO and silver nano-particles hybrid

with various Ag concentrations. There is no change in

Fig. 2. SEM image of (a) graphene oxide (b) reduced graphene oxide.

Fig. 3. (a), (b), (c) and (d) are the SEM image of reduced graphene oxide coated with 1 mM, 2 mM, 4 mM, and 8 mM concentration of
silver nanoparticles respectively.
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peak position at 400 nm with all concentration of silver

nanoparticles. It indicates that all silver nanoparticles

have nearly same size and shape [24].

Horiba LabRam HR, Micro Raman tool was used

with a high-resolution spectrometer with excitation

laser wavelength 514.5 nm. Fig. 6 shows a set of typical

Raman spectra of as prepared graphene oxide. The

strong Raman spectra show the presence of D band and

G band as well 2D band. The strong G band at 1598

cm−1 is the E2g mode arises due to in-plane stretching

of sp3 bonded carbon atoms in the hexagonal lattice

which indicate the graphitic nature and D band at 1350

cm−1, arises from vibrations of sp2-hexagonal carbon

ring due the presence of defect. This D mode originates

from the transverse optical phonon due to the intervalley

double resonance process at Brillouin zone corner K,

such as vacancy or grain boundaries [25, 26, 30]. There

is also D' peak at 1730 cm−1 which comes from double

resonance in an intervalley process. It means connecting

two points belong to the same Dirac cone around K or

Kꞌ . The 2D peak at 2695 cm−1 is the D peak overtone

(second order). It originated from a process where

momentum conservation is satisfied by two phonon

process with opposite wave vectors. The peak around

2940 cm−1 is the combination of D and Dꞌ  peak which

is a result of double resonance from intervalley process

[25, 26].

Fig. 7 show the Raman spectra of reduced graphene

oxide, which was reduced by hydrazine hydrate from

graphene oxide. It shows a significant shift in the

position of D band, G band and 2D band of reduced

graphene oxide and the position of D peak at 1346 cm−1

and 2D band at 2664 cm−1. The shift of D band in

reduced graphene oxide is mainly due to the restoration

of conjugated double bonds and the increase in number

of sp2-bonded carbon atoms in the graphene during the

reduction of graphene oxide. The peak for rGO (1602

cm−1) at the G-band was up-shifted compared with that

of GO (1598 cm−2) due to the chemical doping. This

shift was attributed to the presence of isolated double

bonds that resonate at frequencies higher than that of

the G-band of the GO [31-33]. The shift in 2D peak

Fig. 4. UV absorption spectra of graphene oxide, reduced
graphene oxide and silver doped reduced graphene oxide with 1
mM, 2 mM, 4 mM, and 8 mM concentrations.

Fig. 6. Raman spectra of graphene oxide.

Fig. 5. Enlarged view of Fig. 4.
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position and higher intensity of D peak with G peak

indicates the number of graphene layer reduces from

graphene oxide to reduced graphene oxide.

Analysis the Raman data by fitting the Lorentzian

curve in each peak, we can correctly and easily calculate

the details about intensity and full width half maxima

(FWHM). Table 1 shows the ratio of the intensities of

D and G bands (ID/IG) in the graphene oxide and

reduced graphene oxide. It is to be noted that the ratio,

(ID/IG) also measure of disordered carbon and normally

expresses (sp2/sp3) carbon ratio. It can be observed that

ID/IG value increases from graphene oxide to reduced

graphene oxide. The increase in the value indicates the

relative increase of sp2 domains and decrease of average

crystallite size [34, 35].

The ratio is found to be inversely proportional to the

crystallite size [34], which is given below:

La = (2.4 × 10−10)λ4
laser(ID/IG)−1

Increase in the value of ID/IG also means restoration

of numerous graphitic domains from the amorphous

regions of graphite oxide, which in turn give rise to a

strong D band signal in the reduced graphene oxide

with respect to graphene oxide as the number of

defects increases during reduction. ID/IG value is also a

measure of number of layers in a graphene sample and

its overall stacking behaviour. High ID/IG value means

high degree of exfoliation. The broad 2D band in

graphene is due to the presence of multiple layers of

graphene. The FWHM value of D band and G band

shows the decreasing of number of layers from

graphene oxide to reduced graphene oxide.

Fig. 8, shows the Raman spectra of silver doped

reduced graphene oxide, in which D band (defect band),

G band (graphite band) are present. After combination

of silver nanoparticles with reduced graphene oxide,

both the intensity and the peak location of D and G

band changed drastically. The D peak position is shifted

to lower wavenumber side with increasing concentration

of silver nanoparticles. Change in D peak position

indicates that the change in vibrational energy due to

the stretching of sp2-bonded carbon atoms has increased

due to the incorporation of silver nanoparticles.

Alternatively, G peak shifted towards higher wavenumber

side with concentration of silver nanoparticles because

of the isolation of double bonds in carbon atoms by the

intercalation of silver nanoparticles and that isolated

double bonds resonate at higher frequencies [33]. The

overall intensities of D and G peaks increase with

increase in the concentration of silver nanoparticles.

This Raman enhancement may have two reasons, one

caused by the surface plasmon resonance of silver

nanoparticles near defect in graphene and the second

one due to the enhanced defect density in silver-graphene

composite. Surface plasmon resonance became more

intense when the contact area between reduced graphene

oxide and silver nanoparticles increases with the

concentration of silver nanoparticles. As the contact

area increases, charge transfer complex between silver

nanoparticles and graphene also increases. And each

Fig. 7. Raman Spectra of reduced Graphene oxide.

Fig. 8. Raman spectra of silver doped reduced graphene oxide
with different concentration of Ag.

Table 1. Raman data of graphene oxide and reduced graphene oxide.

Materials
D peak
(cm−1)

G peak
(cm−1)

ID/IG
Value

2D peak
(cm−1)

FWHM 
of D peak (cm−1)

FWHM of 
G peak (cm−1)

Crystallite
Size (nm)

GO 1350 1598 1.42 2695 125 83 14

rGO 1346 1602 1.61 2664 98 74 10
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accelerated charge emitted the radiation. Therefore,

scattering increases after silver nanoparticles deposition

on graphene. Interestingly notice that the Dꞌ  peak became

more prominent with increasing of silver nanoparticles

concentrations. It indicts that may be higher concentration

of silver nanoparticles helpful in intervalley process.

Lorentzian analysis is helpful for analysis of all type

of Raman data, so we use again this Lorentzian fitting

for all silver decorated reduced graphene oxide. Table

2 indicate the ID/IG value increases with increasing

concentration of silver nanoparticles, because the

increasing number of sp2 domain and decrease in the

average crystalline size of the sp2 domains. The FWHM

of D band and G band decreases with increasing the

concentration of silver nanoparticles. It suggests that

the silver nanoparticles also intercalate in between the

layer of reduced graphene oxide and helpful to make

thinner layer of reduced graphene oxide.

Conclusions

In conclusion, we synthesized silver nanoparticles

graphene oxide composite and mainly perform Raman

experiment to analyse the enhancement in Raman

signal with silver and without silver decorated reduced

graphene oxide. Fig. 9, shows the variation of relative

SERS intensity with concentration of silver nanoparticles.

The SERS intensity of D, G and 2D band increases

with concentration of silver nanoparticles due to the

more charge transfer from silver to the graphene sheet.

All resonance bands of graphene can be modified

extensively by the incorporation silver nanoparticles

also surface Plasmon resonance of the graphene can be

altered by incorporation of silver nanoparticles on the

surface graphene. Results also indicates that the silver

nanoparticles have ability to reduce the graphene flake.
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