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Abstract
Thin �lms and Surface Enhanced Raman spectroscopy have a strong bonding towards development of
Sensors. From last 4 decades SERS has been used as effective tool for detection of toxic dyes, in food
industry and agriculture world. To minimize the cost and fabrication over large surface is the most
challenging task in substrate fabrication. In the present work an attempt has been made towards dual
coatings, which could act as an effective SERS Substrates. An effective and facile approach of low cost
bi-metallic Nanostructured �lm has been fabricated using thermal evaporation. Using the standard
characterization techniques such as FE-SEM and XRD, the obtained �lms were Rhodamine 6G was used
as an analyte for the SERS studies. The detection of R6G was up to 10− 10mol l− 1solution.The present bi-
metallic coating can be serves as an excellent SERS active surface and provides a versatile pathway to
fabricate anisotropic nanostructure on a glass �lm.

1. Introduction
To overcome several limitations of Raman spectroscopy such as low cross section and scattering, and
weak intensity over sensitive detection, Surface-enhanced Raman Scattering (SERS) technique came into
being a most appropriate and broadly used spectroscopy technique for the analysis and identi�cation of
chemical and biological species (Juluri et al. 2015) in terms of both qualitative and quantitative
analysis(Ignat et al. 2014; Yi et al 2012).Being surface sensitive, this mechanism is e�cient in detecting
the molecules at much lower concentration even at single -molecular levels (Wong-ek et al. 2010; Hu et al.
2016;Kneipp et al.1997; Michaels et al. 1999; Xu et al. 1999). SERS is highly preferable and superior over
the existing conventional detection techniques such as HPLC, GC-MS, ELISA. SERS enhancement
basically involves two simultaneous mechanism such as electromagnetic enhancement(EM), referring to
the excitation of localized surface plasmon resonance (LSPR) �eld by the collective oscillations of free
electrons which is in the close vicinity of noble metallic nanostructures (Nie et al. 1997; Rajkumar et al.
2016; Nuntawong et al. 2013). In addition, small areas with profound intensi�ed electromagnetic �elds
are generated known as hot spots (Zhang et al. 2013). In total, EM mechanism contributes to the major
part of the enhancement factor (104–107). Chemical enhancement (CM), is refers to the charge transfer
between the analytes molecules and the metallic nanostructures of substrates is known as another
mechanism part of SERS (Wang et al. 2017). The order of enhancement factor by CM is usually 101–102.
In order to get enhanced reproducibility with ampli�ed enhancement factor, it is important to design
proper nanostructures to maximize the LSP �eld coupling conditions which is the key research interest
among the researchers from last few decades. To enhance SERS mechanisms, researchers have majorly
employed noble metal nanoparticles like Gold(Au), Silver (Ag) and Copper (Cu) as a sensitizer compared
to other materials (Yang et al. 2011; Yang et al. 2012; Chamuah et al. 2018) due to their surface plasmon
resonance (SPR) (Jiao et al. 2019; Xie et al. 2018). Among all, Ag nanostructures have been widely used
in SERS-active substrates for target analytes due to their good performance, broad plasmon resonance in
the visible region, high surface reactivity, intensi�ed signal enhancement and ease in preparation when
compared to conventional metallic nanostructures. For SERS application, Ag nanostructures can be
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fabricated into various shapes with different sizes such as nano�owers, nanocubes, nanoplates,
nanowires, nanochains etc. Due to these features, Ag nanoparticles serve as the potential and desirable
nanostructure for SERS-active substrates (Shi et al. 2018). Currently, there is a growing interest in
developing the bimetallic nanostructure on SERS substrates in order to enhance the functionality of
monometallic nanostructures by introducing novel properties of the former (Jayram et al. 2015; Zheng et
al. 2017). These bimetallic nanostructures are preferred due to their signi�cant properties such as optical,
electronic, catalytic, chemical, physical properties which are not found in aggregates or in bulk materials.
Bringing two metallic nanoparticles together in single entity mainly alters the plasmonic nature of the two
metals involved (Markin et al. 2018). Furthermore, their shape and size can be optimized and varied as
per requirement. In particular, silver is a more e�cient plasmonic material than gold and can be excited
with more energetic light due to signi�cantly reduced damping from interband transitions (Wang et al.
2016). Even though these colloids show high SERS enhancement factors, their stability always decreases
(Hazra et al. 2017). In general both chemical and physical approaches are being used to produce the
metal nanostructures for SERS application. In the chemical approach nanoparticles are prepared from the
solution by reducing the metal salts. In these approaches the size and shape are controlled by controlling
the experimental conditions of temperature, time, pH, concentration etc.(Jiang et al. 2018), and the use of
surfactant plays a major role in controlling the size and shape. The surfactant and other stabilizing
agents used during the preparation remain along with the nanoparticle, which cannot be completely get
rid off. The synthesis of metallic nanoparticle by chemical method with reproducibility and stability is
challenging. Nanoparticle dimerization, core–shell nanoparticle, three-dimensional hierarchical
integration is some of the chemically synthesized nanostructures. Lithography is another ideal method
for producing uniform and reproducible SERS substrates, but it is very expensive in a large-area
production of the SERS substrates. Thin silver �lms (TSF) are widely used as SERS-active substrate also
morphology of TSF surface determines its optical, Raman enhancing and adsorption properties as well
as stability. In the present work an attempt has been made to fabricate and study bimetallic thin �lms, in
which two kinds of metals are coined into one substrate. The substrate contains silver and copper dual
coating and vice versa. This effective and facile approach has been named as fabrication of bi-metallic
Nanostructured thin �lms using thermal evaporation. The Raman spectroscopic study shows that there is
an enhancement in the Raman spectrum for the obtained bimetallic samples. Rhodamine 6G dye were
used as analytes for the SERS studies.

2. Experimental

2.1. Preparation of bi-metallic thin �lms
Glass slides were cut in (1x1 cm) shape and surface contamination was removed by keeping the slides in
aqua regia (HCl: HNO3 = 3:1) for half an hour with further sonication in ethanol and �nal rinsing with
distilled water. Prior to the preparation of bimetallic thin �lms, individual metal coatings were done using
the different lengths of metal wires to obtain different thicknesses. Metal �lms having thicknesses of 30,
and 50 nm (300 and 500 A°) were prepared by evaporating required metal from helical tungsten �lament.
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The thicknesses of the �lms were evaluated using an in-built quartz crystal thickness monitor. The bi-
metallic Ag-Cu structure was prepared by coating 30 nm silver onto cleaned glass substrate and then
coating 30 nm of copper over it. Similarly, Ag was coated over Cu for 30 and 50nm thickness. The
deposition was done inside local made thermal evaporation system at working pressure of 5 x 10− 6 pa.
The deposition rate (3° As − 1) was measured using a quartz crystal monitor (QCM, Sigma Instruments,
and SQM-160).

3. Results And Discussion
3.1. Structural analysis of monometallic (Ag and Cu) and bimetallic (Ag-Cu and Cu-Ag) thin �lms

Fig.1 (A) shows the XRD pattern of silver thin �lms of two different lengths. The peaks at 2θ values of
38.1°, 44.09° and 77.29° correspond to (111), (200), (311) planes of silver, respectively. Thus, the XRD
spectrum con�rmed the crystalline structure of silver �lms. No other peak corresponds to any impurity is
seen. All the peaks in XRD pattern can be readily indexed to a face-centered cubic structure of silver as
per available literature (JCPDS, File No. 4-0783).  By using the Scherer equation on the above peaks, the
average size of the crystallites on the silver thin �lms is determined and tabulated in Table.1.

The lattice constant calculated from this pattern has been found to be a = 0.4085 nm, which is consistent
with the standard value a = 0.4086 nm. Fig.1 (B) shows the XRD pattern of copper thin �lms of different
thicknesses. The presence of peaks for 50 nm thick �lm at 2θ of 43.25°, 50.37° and 74.05°, corresponds
to (111), (200), (311) planes of copper, respectively. The 30 nm thick copper �lm exhibits amorphous
nature. All the peaks in XRD pattern can be readily indexed to a face-centered cubic structure of copper as
per available literature (JCPDS, File No.89-2838). By using the Scherrer equation on the above peaks, the
average crystallite size in the copper thin �lms is determined and shown in Table 1.    Fig.1(C) and (D)
Shows the XRD patterns of Ag-Cu and Cu-Ag bimetallic thin �lms.  

Fig 1 (A) and (B) shows the presence of silver and copper peaks at 2θ values 38.1°, 44.09°, 77.29°,
corresponds to (111), (200), (311) planes of silver and copper respectively. The dominant peak of Ag
(111) con�rms the Ag prior to the copper. Similarly, in Fig1 (C) copper is having a dominant peak (111) at
2θ value of 44.09°.   A low intensity silver peak at 2θ value 38.1° is also seen.  The grain sizes were
calculated using the Scherer equation and tabulated in Table 2.

3.2. FE-SEM Analyses of monometallic (Ag and Cu) and bimetallic (Ag-Cu and Cu-Ag) nanostructured thin
�lms

Fig.2 shows the FESEM images of silver and copper thin �lms of 30 and 50 nm thicknesses respectively
prepared using thermal evaporation technique. The �g 2. (a) and (b) shows the morphology of randomly
distributed silver nanoballs. Films with higher thickness show larger silver spheres in the size range of
tens of nanometers.  Similarly in copper �lms with smaller thickness, nanobeads with diameters of a few
nanometers are seen (Fig.2 (c)). When the thickness is increased, not surprisingly, more of these small
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copper beads developed into clusters. The copper clusters show highly dense beads with no gaps
between two nanobeads.

The FE-SEM images in Fig.2 (e)shows that the Ag-Cu thin �lm has a highly aggregated nanobeads like
structure and Fig.2 (f)the Cu-Ag thin �lm has aggregated nanoclusters like structure. Apart from this, no
other clear or useful information is obtained from the FESEM analysis. FESEM images in Fig.2 (e and f)
shows the aggregated nanobeads and nanoclusters like structures of Ag-Cu and Cu-Ag bimetals. In these
bimetallic thin �lms, SERS intensity is found to be stronger for adsorbed molecules on the surfaces
covered with aggregated nanoparticles. This shows the electric �eld is due to the aggregation in between
the nanobeads and clusters results into higher order SERS (Yi et al. 2011). As seen in earlier sections,
pure metallic thin �lms of copper and silver didn’t show much high order enhancement for R6G 10-10 and
10-8 molar; but the bimetallic coating could able to detect dye concentration up to 10-10 molar with clear
spectrum. Hence it is evidenced that the aggregates structures gives room for the formation of more hot
spots, that in turn help the detection of dye molecule even in their very low concentration level. 

The Enhancement factor was also calculated according to the equation,

whereIsurf and Ibulkare the integrated intensities of R6G molecules adsorbed on Ag-Cu nanoclustersthin

�lms for 10-10 M and 10-3 M of R6G bulk, respectively. NsurfandNbulkare the corresponding numbers of
R6G molecules adsorbed respectively on the SERS substrate and in the bulk solution effectively
illuminated by the laser beam,  Nbulk=AhCbulkNA, where A is the area of the laser focal spot, h is the focal

depth of the laser, and h is13 µm.Cbulkis the concentration of R6G bulksolution, here Cbulk=10-3 M, NA is
the Avogadro constant for the below equation.

The above calculations were done using Fig.6 for the 20 μl R6G solution (1x10-3 M) and the R6G -
absorbed on bimetallic thin �lms (Ag-Cu) )(1x10-10 M, 20 μl), which were spread on the 1x1 cm2 prepared
substrate. A laser spot area of 5 µm and power of 15mW was applied with an accumulation number of
1sec for all recordings.

3.3 SERS Spectra for monometallic Ag and Cu and bimetallic Ag-Cu R6G and Cu-Ag R6G thin �lms

The particle size, shape and speci�c adsorption sites are the important factors in surface plasmon
resonance (SPR). The junction between two Ag nano beads and Cu nano clusters acts as hotspot for the
detection of low-density dye molecules.  Fig 3 shows SERS spectra of R6G dye with different
concentrations ranging from 10-5 to 10-10 M adsorbed on Ag, Cu �lms. The Raman peaks are sharper for
silver �lm with thickness 30 nm and show detection limit up to 10-8 molar concentration. In case of 50
nm thick silver �lm, the R6G peaks are sharper but the detection limit is low compared to the other �lm.
Due to the external electrical �eld applied on the nanobeads, they are polarized and consequently an
enormous electrical �eld generate around it. 
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The electrical SPR is in�uenced by the thickness and roughness of the �lm or by random arrangement of
the nanobeads. This effect results in higher order SERS intensity and hence the detection low of R6G dye
molecule with concentration. Similar results are observed with copper �lms with thickness of 30 nm.
Nanoscale structure and sharp points in metal nanostructures are the primary features needed to produce
the highest possible enhancement in Raman scattering. Here individual Ag nanoballs structure with size
of around 100 nm (Fig.2) which results in strong localized plasmon resonance and offers an opportunity
to realize notable SERS enhancement in the case of silver thin �lms.

3.3.1.In�uence of Ag and Cu �lm thickness on SERS response 

The effect of the thickness of the silver and copper �lms on the SERS response was studied using the
1365 cm-1 peak R6G dye of Fig 3.  It is seen that the sensitivity of the silver substrate to adsorbed R6G
dye is improved with higher thick metal �lm. Further increase of the �lm thickness (not shown in the
�gure) resulted in a decline in the sensitivity. When the thickness is increased from a minimal value, the
number of larger silver clusters increased. Since these clusters are in the size range for optimal SERS
enhancement, the response is improved. When the thickness is further increased, the clusters merged
together which leads to the decrease in the SERS signal. Silver �lm with 50 nm thickness shows
maximum response.  In the case of copper, some SERS response is seen in �lm with 30 nm thick,
whereas 50 nm and higher thickness �lms show very little SERS response.

From Fig. 4, Ibulk(1365cm-1) and Isurf(1361 cm-1) are determined as 24.10 and 48.10 cps respectively. Here
the incident laser power is the same for normal Raman spectrum and SERS spectrum acquisition. Hence
Isurf /Ibulkis calculated as 48.10 / 24.10. The Nbulk/Nsurfvalue is calculated to be 32.656×105 and ISERS/

Ibulk is about 7.79 for the vibration peak at 1367 cm-1. Finally, the EF of this Ag-Cu SERS substrate is

determined as 6.5×105.

5 Conclusion
It is evident that bi-metallic thin �lm coatings have good enhancement factor for both the Ag-Cu and Cu-
Ag combinations. The obtained nanobeads like structure using Ag-Cu bimetallic thin �lm shows good
response to the SERS. The present experiment clearly shows that the thickness and roughness of the �lm
or the randomly arranged nanobeads alters the electrical SPR. Detection limit of bimetallic coating
reaches upto10− 10 molar with clear spectrum which are not shown by monometallic thin �lms. Hence it
testi�es that there is more formation of hotspots given by the aggregate’s structures, helping in dye
detection at very low concentration. The enhancement factor is low compared to metal oxide �lms, but
still the current method provides a versatile and facile pathway to fabricate bimetallic strips for SERS
analysis.
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Figure 1

XRD analysis of (A) silver thin �lm for thickness (a) 30 and (b) 50 nm and (B) copper �lm for thickness
(c) 30 and (d) 50 nm (C) silver-copper and (D) copper-silver bimetal structure with �lms thickness of 50
nm each.
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Figure 2

Typical FESEM image of silver �lms of thicknesses (a) 30 (b) 50 nm and copper �lms with (c) 30 (d) 50
nm thickness (e) Ag/Cu and (f) Cu/Ag nanoclusters.
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Figure 3

SERS spectra for Ag-R6G thin �lms (a) 30 (b) 50 nm (c) Cu-R6G 30 nm monometallic and(d) Ag-Cu R6G
and (e) Cu-Ag R6G bimetallic thin �lms with different concentrations of R6G.
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Figure 4

(a) Normal Raman spectra for R6G 10-3 and (b) SERS spectra of R6G using Ag-cu thin �lms for 10-11
molar dye.
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