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INTRODUCTION: Surface Enhanced Raman 

Scattering (SERS) analysis is one of the most 

widely explored analytical tools especially in the 

fields of biological and chemical sensors [1]. 

SERS enhances the Raman signals by several 

orders of magnitude which are the possible cause 

for the high sensitivity for SERS. The Electro-

magnetic (EM) and Chemical (CM) enhance-

ment are the major factors responsible for the 

SERS enhancement [2]. Traditionally rough me-

tallic surfaces or metal nanoparticles are em-

ployed as SERS substrate. These have combined 

advantages of Raman fingerprints of probe mo-

lecules along with biocompatibility for detection 

of proteins in cells and tissues, DNA and other 

biomoleules [3]. But the control over their size 

and morphology, aggregation, packing of nano-

particles assembly and stability are still occur-

ring as major obstacles in the fabrication of reli-

able SERS substrate [4-5]. Therefore, there is a 

need for SERS substrate with high enhancement 

factor, stability and homogeneity. 

On the other hand, graphene; the 2-d wonder 

material, has shown its potential for SERS sub-

strate which may be owned to its large surface 

area and luminescence quenching efficiency [6-

7] and also some graphene based metal compo-

sites have been fabricated as active SERS sub-

strate [8]. Further two dimensional nature of 

graphene supports the uniform distribution of 

noble metal nanoparticles, leading to SERS sig-

nals with high stability and homogeneity [9]. 

In this work, reduced graphene oxide decorated 

with silver nanoparticles (RGO-Ag nanocompo-

sites) were synthesized employing in-situ reduc-

tion method and the formation of nanocompo-

sites were confirmed by characteristic SPR peak 

observed in UV Visible absorption spectra along 

with Transmission electron microscopy (TEM) 

images. Also their potential as active SERS sub-

strate has been tested for Rhodamine 6G chloride 

(R6G) and observed detection limit is 1μM.          

 

EXPERIMENTAL 

Materials: In the present work, chemicals like 

Graphite powder, Sulphuric acid (H2SO4), So-

dium Nitrate (NaNO3), Potassium permanganate 

(KMnO4),  Hydrazine monohydrate (35 wt.%), 

Hydrogen-peroxide (H2O2) (30 wt.%), Hydroch-

loric acid (HCl), Ammonia solution (25wt.%), tri 

sodium citrate dehydrate (C6H5Na3O7H2O), Sil-

ver Nitrate (AgNO3) and Rhodamine 6G (R6G) 

were used as it is as they procured. 

Methods: The synthesis of RGO-Ag nanocom-

posites was employed using in-situ reduction of 

metal salt precursor in presence of reduced gra-

phene oxide stock solution. In a typical synthesis 

process, graphene oxide (GO) was prepared us-

ing modified Hummers method from graphite 

powder [10]. After that exfoliated GO solution (1 

mg/10 ml) was prepared using ultra-sonication 

for 45 minutes followed by dropwise addition of 

35 wt.% ammonia solution to make pH of resul-

tant solution to 10.  Afterwards, 35 μl of hydra-

zine monohydrate was added and solution was 

transferred to oil bath at 80
0
 C for 2 hours and 

the resulting solution was named as Reduced 

Graphene Oxide (RGO) stock solution. Mean-

while 1 mM silver nitrate solution was prepared 

and mixed in equal volume with that of RGO 

stock solution. Further, 1 (wt/v%) of sodium 

citrate solution was added and stirring was con-

tinued for next 15 minutes to obtain desired 

RGO-Ag nanocomposites. 
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SERS substrate: R6G was employed as probe 

molecule for SERS measurements (with different 

concentrations from 1mM to 0.1 μM). For sam-

ple preparations, first 2 μl of as prepared RGO 

and RGO-Ag nanocomposite solution were drop 

casted on clean glass substrate and dried at 40
0
 C 

afterwards 2 μl of R6G solution was dropped on 

same substrates and dried. 

Characterization: Shimandzu Double Beam 

Double monochromator UV–Visible Spectropho-

tometer (UV–Visible 2550) with integrating 

sphere assembly ISR-240A operating in wave-

length range 190–900 nm with the resolution of 

0.5 nm was employed to study the UV-Visible 

absorption spectra in solution form. TEM mea-

surements were carried out using a Tecnai-G
2
-20 

TEM facility operating at 200 kV, equipped with 

a LaB6 filament and a charge-coupled device 

camera having point resolution of 2.04 Å. 

 

RESULTS AND DISCUSSIONS 

Absorption Spectroscopy: UV-Visible absorp-

tion spectrum of GO (Figure 1, curve „a‟) shows 

a peak at 233 nm and belonging to the π to π* 

transition of C-C, C=C bonds in sp
2
 region. Also 

a shoulder at 300 nm belongs to the n to π* tran-

sition of C=O bond in sp
2
 hybrid region of GO, 

respectively. Further, curve „b‟ representing the 

absorption spectrum of RGO, contains a single 

absorption peak at 260 nm which belongs to 

characteristic π to π* transition of RGO. The red 

shifting of this peak from 233 nm to 260 nm in 

RGO indicates the restoration of graphitic like 

structure of GO and also the disappearance of 

300 nm peak in curve „b‟ clearly indicates the 

removal of oxygen functionality [11]. Further, 

the absorption spectrum of RGO-Ag nanocom-

posite (curve „c‟) contains two peaks at 260 nm 

and 420 nm respectively belonging to RGO and 

characteristic surface plasmon resonance (SPR) 

peak of entangled Ag nanoparticles [12], thereby 

confirming the reduction of GO along with the 

formation of Ag nanoparticles. 

TEM Analysis: Figure 2 (i) present the TEM 

image of RGO-Ag nanocomposite in which 

RGO sheet contains many folds which are the 

signature of multi-layer planer type morphology 

of graphene nanosheets [13]. Also the morpholo-

gy of attached Ag nanoparticles is not limited to 

spherical shape, but silver nanoparticles of vari-

ous shapes are formed (inset of Figure 2(i)). The 

histogram of entangled Ag nanoparticles to RGO 

surface (shown in Figure 2 (ii)) shows that silver 

particle of various size ranging from 10-100 nm 

are formed with average size 44 nm are formed. 
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Figure 1: UV-Visible absorption spectra of (a) 

GO, (b) RGO and (c) RGO-Ag nanocomposite. 
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Figure 2: (i) TEM images of RGO-Ag nano-

composite with inset showing magnified view 

and (ii) Histogram showing the particle size 

distribution of entangled Ag nanoparticles on 

RGO surface. 

 

SERS Analysis: Figure 3(i), depicting the Ra-

man spectrum of RGO-Ag composites; contains 

two peaks at 1348 cm
-1

 and 1587 cm
-1

 belonging 

to characteristic D and G band of carboneous 

  (ii) 
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materials [14]. The SERS Spectrum of RGO-Ag 

nanocomposites are shown in Figure 3(ii) with 

different concentration of R6G (1 mM-0.1 μM). 

R6G is organic dye which is generally employed 

as probe molecule in SERS. The Raman spec-

trum of R6G (curve „g‟, Figure 3) contains large 

amount of fluorescence which generally hinders 

the useful information. R6G spectrum is showing 

peaks at 1641, 1569, 1527, 1358 cm
-1

 due to in 

plane C-C stretching, the 765 cm
-1

 is due to C-H 

out of plane bending vibrations and that of 606 

cm
-1

 is due to in-plane bending vibrations of 

CCC ring of R6G [15].     
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Figure 3: (i) Raman spectra of RGO-Ag nano-

composite and (ii) SERS spectra of RGO-Ag 

nanocomposites with different concentrations 

of R6G (1mM- 0.1 μM). 

 

While depositing R6G on RGO-Ag nanocompo-

sites, the SERS intensity decreases, which may 

be attributed to the fluorescence quenching abili-

ty of RGO. The charge transfer between hex-

agonal rings of R6G and RGO is the possible 

cause behind the observed behaviour. Also the 

Raman shifts at 1174 and 1303 cm
-1

 belonging to 

in plane C-C stretching are observed.  

With decreasing concentration of R6G, the SERS 

intensity also decreases and at concentrations of 

R6G below 1 μM, no characteristic peaks of 

R6G is observed, thereby setting detection limit 

to 1 μM. The possible cause for such type of 

behaviour may be understood by considering the 

mechanism responsible for SERS enhancement. 

The Electromagnetic mode (EM) mode governs 

the SERS enhancement of metal nanoparticles 

while Chemical mode (CM) is major governing 

mechanism for RGO. On observing the results 

for RGO-Ag nanocomposites, it can be inferred 

that both mechanisms are competitive in nature. 

At concentration below 1 μM, the SERS beha-

vior of RGO dominates and for the higher con-

centration, that of metal nanoparticles dominates. 

 

CONCLUSIONS: In this study, RGO-Ag nano-

composites have been synthesized and confirmed 

by their characteristic SPR peak observed in UV-

Visible absorption spectrum. Also TEM analysis 

governs that RGO sheets are of multilayer nature 

and entangled Ag nanoparticles have average 

size 44 nm. The RGO-Ag nanocomposites have 

also been employed as active SERS substrate for 

RGO with detection limit 1 μM. Such a simple 

method for SERS detection is strength of our 

technique and can found applications in biosen-

sors. This technique is fast, cost effective and 

suitable for large scale synthesis.  
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