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Abstract 

 

Many ways to produce plasmonically-active substrates used for SERS applications, which is a non-

destructive and reliable spectroscopy method, have been tried in recent years. Here we have presented an 

economical and easy procedure for synthesizing Ag NSs on Cu-grid in one step. Structural and elemental 
characterizations of Ag NSs on the Cu-grid were performed by scanning electron microscopy (SEM), 

energy-dispersive X-ray spectroscopy (EDX), X-ray diffraction (XRD), and X-ray photoelectron 

spectroscopy (XPS). Ag NSs on Cu-grids cause a high electromagnetic increase due to having complex 

morphology. Thus, the determination of R6G is easily realized even at very low concentrations such as 100 

pM. It is predicted that different metallic nanostructures can be obtained by applying a similar recipe for 

different applications. 
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1. Introduction 

 

In recent years, surface-enhanced Raman spectroscopy 
(SERS) has been widely used in many fields such as 

chemistry, physics, materials science, and life science, as 

it is ultra-sensitive, dependable, has no labeling, and a 

non-destructive spectroscopic technique [1-3]. The 

developed SERS-active substrates are expected to be 

produced economically and efficiently, show high 

sensitivity, and are easy to use. SERS-active solid 

substrates are generally obtained using lithography and 

PVD [4-7]. While these production methods consist of 

long processing steps, they also require expensive and 

complex devices. 

 
Chemical synthesis methods are a more straightforward 

and economical option for producing SERS-active 

materials. It is also possible to obtain more complex and 

off-hand structures that cause high electromagnetic field 

concentration. When using colloidal nanoparticles, it 

would be more appropriate to grow nanostructures in situ 

on the surface to avoid agglomeration, adversely 

affecting SERS measurements, and reusable if necessary. 

For this purpose, varied materials such as Si wafer, Al or 

Cu foil, and paper were used as solid substrates [8-11]. 

Silver and gold dendrites produced on commercial Al foil 
by galvanic replacement route were used as SERS-active 

substrates [12]. Similarly, Ag/Cu2O heterostructures 

synthesized on Cu foil by the hydrothermal synthesis 

method were evaluated to determine p-amino thiophenol 

and 4-pyridinethiol [13]. ZnO nanorods attached to the 
filter paper were modified with Au nanoparticles by UV-

irradiation, and a reusable SERS-active substrate was 

obtained [14]. These studies showed that chemical 

synthesis methods could be exercised as high-activity 

SERS substrates when using plasmonic nanostructures 

on solid substrates. 

 

Efficaciously, the Cu-grid is utilized to visualize the 

morphology of nanostructures with electron microscopy. 

Apart from this purpose, Gao et al. deposited Ag 

nanodendrites on Cu-grid by electrochemical deposition 

method and exerted for glucose determination [15].  
Dendritic structured Ag nanocrystals on the Cu-grid were 

obtained with galvanic replacement by immersing in 

AgNO3 solution [16]. In another study, the chemically 

synthesized Ag colloidal solution was dripped onto the 

Cu-grid and applied as SERS active substrate [17]. Even 

the silver nanoparticles grafted Ge nanowires were 

grown onto Cu-grid to achieve the detection limit of 6-

aminopenicillins acid and penicillin G [18].  

 

This study obtained Ag nanostructures (NSs) in a single 

step on the Cu-grid without any preliminary or device. 
These Ag nanostructures with sharp edges caused a 

severe enhancement of the electromagnetic field on the 
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surface and provided the opportunity to determine even 

very low concentrations of R6G. This procedure can also 

be performed for the in-situ growth of other metallic 

nanostructures. 

 

2. Materials and Methods 

2.1. Chemicals and Materials 

 

Carbon-coated Cu-grid (400 mesh) was obtained from 
Electron Microscopy Science. Silver nitrate (AgNO3, 

Mn=169.87 g/mol), hydroquinone (HQ, C6H6O2, Mn= 

110.11 g/mol), rhodamine 6G (R6G; C28H31N2O3Cl, Mn= 

479.01 g/mol) were purchased from Sigma-Aldrich. All 

aqueous solutions were prepared by using distilled water. 

 

2.2. Fabrication of Ag NSs on the Cu-grid 

 

In order to grow Ag NSs on Cu-grid, a fresh solution 

consisting of 0.2 mM AgNO3 and 0.2 mM HQ in 50 mL 

of distilled water was prepared. First, the Cu-grids were 

cleaned with distilled water under sonication for 5 min. 
The cleaned Cu-grid was thrown into the solution and 

stirred at certain intervals (0.5, 1, and 2 hours) on the 

same experimental condition in the dark. Afterward, the 

Cu-grid removed from the solution was washed with 

distilled water and left to dry under room conditions. 

 

2.3. Characterizations 

 

The morphology and elemental analysis of Ag NSs on the 

Cu-grid were performed by scanning electron 

microscopy (SEM, ZEISS EVO LS10) and energy-
dispersive X-ray spectroscopy (EDX, Bruker) attached 

with SEM at 25 keV. The crystal structure of Ag NSs was 

operated by an X-ray thin film diffractometer (Rigaku 

SmartLab) at 40 kV, 30 mA using Cu Kα (λ=0.154 nm) 

radiation source. The chemical characterization of Ag 

NSs was conducted by X-ray photoelectron spectroscopy 

(XPS, SpecsFlex) using XR 50 M source exciting 

radiation. 

 

SERS measurements were studied by a confocal Raman 

microscope (WITec Alpha 300 M+) with a 532 nm laser 

with a 50x objective (NA=0.85). The power of the laser 
was adjusted to 3 mW. 100 µM, 100 nM, and 100 pM of 

R6G solution with water as the probe molecule were 

prepared for the measurement. Each solution was 

dropped onto Ag NSs separately and left to dry at room 

temperature. After drying, SERS measurements were 

taken over 80x80 µm of area. 

 

The analytical enhancement factor (AEF) was calculated 

by using the following equation (1) [19]: 

 

𝐴𝐸𝐹 =
𝐼𝑆𝐸𝑅𝑆

𝐶𝑆𝐸𝑅𝑆
⁄

𝐼𝑅𝑎𝑚𝑎𝑛
𝐶𝑅𝑎𝑚𝑎𝑛
⁄

                                         (1) 

 
Here, the concentrations of R6G dropped on only Cu-grid 

and Ag NSs are CRaman and CSERS, respectively. The peak 

intensities at 1507 cm-1 of the Raman spectra obtained on 

these surfaces are IRaman and ISERS. 
 

3. Results and Discussion 

 
This study aims to procure plasmonically-active Ag NSs 

on a solid substrate without any seed in the medium. In 

Fig. 1, a schematic representation shows how to obtain 

Ag NSs grown on the carbon-coated Cu-grid. Here, a 

carbon-coated Cu-grid was added to the distilled water 

solution consisting of HQ as a reducing agent and, 

AgNO3 as metal salt and stirred for two hours in a dark 

environment. Then, it was washed with distilled water 

and allowed to dry at room temperature. After this 

process, it was observed that Ag NSs grew successfully 

in large areas on the Cu-grid. 
 

 
 

Figure 1. Schematic diagram of fabricating Ag NSs on 

Cu grid. 

The commercially purchased Cu-grid surface is almost 

smooth in the SEM image (Fig. 2a). It can be an ideal 

solid substrate for growing Ag NSs without any seed. As 

shown in EDX analysis of the carbon-coated Cu-grid, 

although it contains mainly Cu (86.16 %) and relatively 

C (9.02 %) elements, trace amounts of O (2.58 %) and Al 
(2.24 %) elements are seen (Fig. 2b). 

 

SEM pictures were taken to see the morphology of Ag 

NSs that we expect to grow on the Cu-grid after being 

kept in the appropriate solution medium. In Fig. 3a, it is 

seen that Ag NSs grow on almost the entire Cu-grid. 

There is no trace of that smooth surface before Cu-grid 

growth looking closer at the structures. The grid is wholly 

covered with Ag NSs (Fig. 3b). While there were 

nanoplates with smaller formations on the ground, 

especially the edges of the grid played a more active role, 

and a more intense Ag growth took place. Since the 
boundary lines have higher surface energy, reducing Ag 

ions in these regions is likely denser. For this reason, we 

come across the existence of highly symmetrical needle-

like Ag NSs at the grid edges. 
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Figure 2. (a) SEM images of the Cu-grid. (b) EDX 

analysis of the Cu-grid. 

In processes where the thermodynamic mechanism is 

dominant, crystals prefer to grow with a minimum total 

interfacial free energy. However, in cases where the 

kinetic mechanism dominates the thermodynamic 

mechanism, it is expected to occur in different complex 

morphologies such as plate and needle-like, just like here. 

In this study, if the Cu grid in the growth solution is not 

shaken, there is no intense growth on the surface, as seen 

in Fig. 3c, and spherical particles tend to form rather than 

complex structures such as needles. We have also 

confirmed with the study that stirring is an important 

parameter affecting the growth mechanism [20]. 

 
The chemical composition of Ag NSs on the Cu-grid was 

characterized by EDX analysis and mapping. The Cu-

grid at the base is symbolized with red, while the Ag NSs 

growing on it are marked with green in Fig. 4a. It is seen 

from the green color distribution that Ag NSs have grown 

successfully on the Cu-grid. When the EDX analysis is 

examined (Fig. 4b), the characteristic peak of Ag 

observed around 3 keV confirms that Ag NSs grew at a 

rate of 47.62% on the grid.  The crystal structure of Ag 

NSs was examined with XRD analysis (Fig. 4c). Here, 

characteristic peaks of Cu at the bottom dominate, and 

Ag peaks are highly extinguished. The diffractions of 
(111), (200), and (220) planes of face cubic crystal (fcc) 

structured metallic Cu have peaks at 43.25°, 50.36°, and 

74.06°, respectively. (JCPDS 85-1326).  However, the 

peak around 38.02° belongs to the (111) plane diffraction 

of the fcc structured metallic Ag (JCPDS 87-0717). Since 

crystal growth of Ag is dominant in the (111) plane 

direction, only this peak can be observed.   The XPS 

analysis of Ag NSs was given in Fig. 4d to characterize 

the chemical composition of Ag NSs further. It exhibited 

the characteristic peaks over Ag 3d region, which were 

split into 5/2, and 3/2 states at 367, and 373 eV, 
respectively. All structural and chemical 

characterizations support the growth of Ag NSs on the 

Cu-grid.  

 

 

 

Figure 3. (a-b) SEM images of Ag NSs on Cu-grid at different magnifications. (c) SEM images of Ag NSs on Cu-

grid without stirring. 
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Figure 4. (a) EDX mapping and (b) EDX analysis (c) XRD analysis, and (d) XPS analysis of Ag NSs on the Cu-gird. 

 

The growth of Ag NSs on the Cu-grid requires time. If 

we keep the reaction time at 0.5 hours (Fig. 5.a), we can 

see that Ag+1 ions are reduced on the Cu-grid, and 

nucleation begins. At this stage, the particles are 

relatively spherical and cover the entire surface. When 

the reaction is continued for 1 hour (Fig. 5.b), the 

particles grow more, go out of the spherical form, and 

nanoplates begin to form on the surface. Even needle-like 

structures are just starting to appear. When the time is 
completed to two hours, the existence of more complex 

shaped particles and needle-like structures that allow hot-

spot formation becomes possible. According to the 

results of EDX analysis, it is seen that Ag formation on 

the surface increases with time (Fig. 5 c-d). 

 

It is known that nanostructures with sharp corners and 

edges increase the number of hot spots on the surface, 

resulting in a higher Raman signal [21]. The branched 

hierarchical nanostructures and complex-shaped 

nanoparticles we see in Fig. 3b cause the electromagnetic 

field to intensity on the surface, positively affecting the 
SERS results. We can observe this clearly in Fig. 6a. 

Although Cu is a plasmonically-active material [22], 

since the surface of the Cu-grid is relatively smooth, we 

obtain a very low Raman signal even from the 100 µM of 

R6G solution on the Cu-grid. Thanks to the Ag NSs on 

the Cu-grid, we can get a very high Raman signal from 

the 100 µM of R6G solution.  

 

 

 
Figure 5. SEM images of Ag NSs on the Cu-grid after 

(a) 0.5, and (b) 1 hour. EDX analysis of (c) 0.5, and (d) 

1 hour. 
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In Fig. 6b, there is Raman mapping filtered according to 

the band at 1507 cm-1, which we have taken from the 100 

µM of R6G solution on the Ag NSs. Here, we acquire a 

strong Raman signal over almost the entire area. The 

solutions prepared at lower concentrations were dropped 

on the Ag NSs to evaluate the limit of detection (LOD) 

of the R6G as a probe molecule. We can clearly 

distinguish the characteristic peaks of R6G at 612 cm-1 

(C-C-C ring in-plane), 773 cm-1 (C-H out-of-plane), 1185 
cm-1 (C-H in-plane); 1310, 1363, 1507, 1575, 1648 cm-1 

(C-C stretching of the aromatic ring) even at a 

concentration as low as 100 pM (Fig. 6c) [23]. It is very 

valuable to fabricate a strong SERS substrate for ultra-

trace sensing using a one-step, straightforward, low-cost 

method.  

 

 
 

Figure 6. (a) SERS of R6G taken on Ag NSs (red line) 

and Cu-grid (blue line) (Inset: The chemical formula of 

R6G molecule). (b) SERS mapping of R6G on Ag NSs. 

filtered with respect to the band at 1507 cm-1. (c) Limit 

of detection of R6G on Ag NSs. 

 

To calculate the AEF, we use the peak intensities at 1507 

cm-1 of the Raman spectra in Fig. 6a. The peak intensities 

obtained from 100 µM of R6G solution dropped only on 

Cu-grid, and 100 pM of R6G solution dropped on Ag 

NSs are 206 and 193, respectively. When we replace 

these values in Formula (1), AEF is calculated as high as 
9.37x106. This result is quite remarkable compared to 

similar studies in the literature [15, 17]. 

 

4. Conclusion 
 

The SERS-active substrate with a high enhancement 

factor of 9.37x106 has been fabricated using a simple, 

cheap, and one-step method for ultra-trace sensing 

applications. This method synthesized needle-like and 

complex-shaped Ag NSs, causing this superior 

enhancement in situ on Cu-grid to detect R6G as a probe 

molecule. Growing nanostructures in situ also avoid the 

agglomeration problem, which we often encounter in 

colloidal nanoparticles, and thus, many hot spots are 

formed with suitable nano-gaps. Herein, we have 

demonstrated that Ag NSs can be grown in situ on 

commercially available Cu-grids and be used as a SERS-
active substrate. This method can also be applied to grow 

other metallic nanostructures for different applications. 
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