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ABSTRACT 
 

Rhodamine, which is extensively used as a synthetic dye in food industry, is regarded as an illegal additive by European Food 

Safety Authority because of its carcinogenic and toxicological properties. Since it’s a colourless material at low concentrations 

such as 10-7 M, its detection via spectroscopical methods is very challenging and crucial in terms of food safety issues. In this 

study Ag nanowires were synthesized, their crystal structure is characterized via XRD analysis, their surface morphology and 

radius are determined via SEM images and their chemical composition was determined by EDS analysis. Afterwards, 

rhodamine solutions which were prepared at 10-4 – 10-7 M were dropcasted onto Ag nanowire solutions. After selecting three 

characteristic Raman peaks belonging to the Rhodamine molecule, which are located at 612, 1189 and 1362 cm-1, detection of 

Rhodamine was performed at these ultra low concentrations.  As a result, one can conclude that  Ag nanowires can be utilized 

as possible SERS substrates for detection of Rhodamine at low concentrations by exhibiting significant reproducibility, stability 

and recyclability features.  
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1. INTRODUCTION 

 

Raman spectroscopy has gained a significant importance by the discovery of utilising surface 

enhancement to boost Raman signals in order to detect molecules even at ultra low concentrations [1]. 

This phenomenon, which is referred as Surface Enhanced Raman Spectroscopy (SERS), provides a fast 

and cheap method for detection of such molecules at ultra-low concentrations. It is based on the principle 

of boosting Raman signals, which have low intensity by nature, by utilising metal nanoparticles in order 

to enhance Raman signals by creating hot-spots. At this point, the signal enhancement primarily depends 

on the distribution, shape, size, morphology and density of the nanoparticles implented on the substrate 

[2, 3]. To obtain uniform and reproducible SERS substrates, various nanomaterials utilised, while most 

preferred ones are Ag, Au, ZnO and ZnO/Ag [4]. 

 

The signal enhancement in Raman spectrum depends on two components, namely, electromagnetical 

enhancement and chemical enhancement. The electromagnetical component, being the main 

contribution to the signal enhancement, arises due to the surface plasmons on the metallic nanomaterials. 

Basically, free electrons of the nanomaterial substrate (generally Ag or Au) oscillate at the same 

frequency, when these plasmons resonate at the identical frequency with the laser light.  Thus, analyte 

molecules adsorbed on the metal surface are stimulated in a more effective way, with the existence of 

the enhanced electromagnetic field [5]. The second contribution is of chemical nature and has a shorter 

range compared to the electromagnetic contribution.  It simply depends on molecular polarization, where 

charge-transfer complexes occur between the metal nanomaterial substrate and the analyte molecule.  

This type of contribution needs so-called active-sites where analyte molecules should adsorb directly on 

the nanomaterial substrate [6].   
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Rhodamine B, with the chemical formula C28H31ClN2O3, extensively used as a synthetic dye in food 

industry, is accepted as an illegal additive by European Food Safety Authority because of its 

carcinogenic and toxicological properties for human beings and  as well as animals [7].  In this sense, 

detection of Rhodamine at even low concentrations is an important issue, in terms of human and animal 

health. Up to present, various methods have been utilised in order to determine Rhodamine presence in 

condiments and peanuts[8]. Among them, one can mention High Performance Liquid Chromatography 

(HPLC) [7], Spectrofluorimetry [8], Liquid Chromatography - Mass Spectrometry (LC-MS) [9].  

However, these methods have several situation-specific disadvantages, such as long preparation times, 

expensive equipment necessities and complex and long pre-treatments. Moreover, these methods are 

not suitable for on-site analysis [10]. At this point, SERS emerges as a useful alternative, for rapid and 

precise detection of Rhodamine at even low concentrations.     
 

In this study, SERS method was utilised in order to detect Rhodamine molecule at varying 

concentrations from 10-4 M to 10-7 M, where Ag Nanowires were employed as the substrate in order to 

form hotspots on rhodamine solution.  
 

2. EXPERIMENTAL SECTION 
 

2.1. Reagents 

 

Ethylene glycol (EG) (99.8 %), ethanol (99.9 %), polyvinylpyrrolidone (PVP, Mw 55.000) and silver 

nitrate (AgNO3) (99 %) were purchased from Sigma Aldrich. During all experimental procedures, 

ultrapure water was utilized.  

 

2.2.  Synthesis of Ag Nanowires 

 

5 ml EG was poured into a three necked balloon and was stirred for 20 minutes at 600 rpm, 1600C.  

Afterwards, it was flashed via Ar gas for one minute. A solution of 0.25 mg AgNO3, which was prepared 

in 5 ml EG was slowly added into the first EG solution at 1600C. Afterwards, 1.56 g PVP was prepared 

in 10 ml EG and was added into the first EG solution after the AgNO3 solution.  This mixture was left 

to stir for 2 hours at 1600C. At the end of this process, the mixture was put into ice bath in order to 

terminate the reaction and was left to cool down at ambient temperature for 20 minutes.  Then, the 

centrifugation procedure was performed in order to purify ag-nanowires. The first centrifugation was 

performed via acetone at 2000 rpm for 30 minutes, while the next two cycles were performed via 

distilled water with the same  rpm and time settings [11].             

 

2.3. Characterization 

 

For the visual verification of the AgNO3 nanowire synthesis, Hitachi Regulus 8230 FEG-SEM 

instrument was utilized and the elemental analysis was carried out via the Oxford EDS detector attached 

to this electron microscope.  For determining the AgNO3 nanowires’ crystal structure, X-Ray Diffraction 

(XRD) method was utilized.  The instrument was a Panalytical Empyrian diffractometer which operates 

with 45-kV anode voltage and 40-mA filament current settings. Nickel-filtered Cu Kα radiation had a 

wavelength of  0.1542 nm, the goniometer of the diffractometer had a scanning speed of 0.133°/s with 

a step size of 0.01° and it diffracted X-rays in the 2θ of 30°–90°.  For obtaining the Raman spectra, 

Renishaw Invia Raman instrument was utilized.  For all Raman spectrums, the excitation energy was 

532 nm and the objective lens was 20x.  For measurements, a silicon wafer was preferred as the standart 

material, while the raman peak for this material is observed at 520 cm-1 and all spectra were acquired 

between 400 cm-1 – 2000 cm-1.  
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2.4. Preparation of SERS Substrate 

 

As a first step, glass was disinfected via ethanol and acetone. Then, 10 µl AgNO3 nanowire solution was 

dropped onto glass. Rhodamine solutions in distilled water were prepared with concentrations varying 

from 10-3 M to 10-7 M. Afterwards, Rhodamine solutions were dropped onto AgNO3 nanowire deposited 

glasses. Later, glasses were left to dry at room temperature for 20 minutes, following this procedure the 

SERS measurements were performed.    
 

3. RESULTS AND DISCUSSION 

 

3.1. Raman spectrum of Rhodamine Molecule 

 

As the first step of the Raman experiments, Raman spectrum of Rhodamine was obtained from the 

powder form of the sample directly and the resulting spectrum is presented in Figure 1   As seen from 

the figure, the peak observed at 612 cm-1 belongs to the C-C-C in-plane vibration mode, while the peak 

observed at 774 cm-1 belongs to the C-H out-of plane bending vibration mode.  The peaks observed at 

1189 cm-1 and 1509 cm-1 belong to C-H in-plane bending, C-H bending and C-C stretching vibration 

modes, respectively, while the peaks at 1362 cm-1 and 1650 cm-1 are attributed to aromatic C-C 

stretching modes. The obtained Raman spectra of powder sample are in agreement with the literature 

findings [12-16].       

 
Figure 1. Raman spectrum of powder Rhodamine. 

 

3.2. Characterization of Ag Nanowires as SERS Substrate  
 

Ag nanowires’ XRD pattern is presented in Figure 2. The crystalline peaks belonging to Ag 

nanoparticles are located at 38.192, 44.391, 64.585, 77.578 and 81.735, which is in accordance with the 

library values. The Miller index values belonging to these peaks are [111], [200], [220], [311] and [222], 

respectively.  When Figure 2 is examined, one can clearly see that the intensity of the peak located at 

38.192 with [hkl] value [111] is greater than the other Ag peaks, revealing that the development of the 

structure is towards silver nanoparticles [17,18]. Thus, one can conclude that XRD pattern of the 

structure reveals that the Ag nanoparticle synthesis is successful. The rest of the peaks located at 27.732, 

32.130, 46.077, 54.632, 57.280 and 62.206, which are labeled with Asterix (*) are residues of the NaCl 

solution which was utilized during the synthesis.   
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Figure 2. XRD Pattern of Ag Nanowires 

 

SEM was utilized in order to examine the morphology of the Ag nanoparticles.  Figure 3 exhibits the SEM 

image belonging to the nanoparticles.  As the image reveals, nanoparticles have an average diameter of 

90-100 nanometers. Furthermore, EDS analysis was performed via an Oxford Ultima EDS detector, which 

shows that the selected area in the SEM image consists of 96.50 % Ag, 2.28 % C and 1.22 % O in 

percentage.  

 

 
Figure 3. EDS Spectrum and SEM image of Ag Nanowires 
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3.3. SERS Studies of Rhodamine 

 

In order to verify the SERS performance of Ag nanowires, various experiments were conducted for 

several concentrations of Rhodamine solutions.  In these experiments, Rhodamine and Ag nanowires 

were utilized as the analyte molecule and the SERS substrate, respectively.  

 

In Figure 4, SERS spectrum of Rhodamine molecule is presented at concentrations from 1x10-4 M to    

1x10-7 M. As seen from Figure 4, Rhodamine’s characteristic peak intensities decrease as the Rhodamine 

concentration decreases.  In this study, three distinct peaks were selected for SERS studies. These peaks, 

which were selected because of their discrete locations, were observed at 612, 1189 and 1362 cm-1.  

Another reason for their selection is their visibility at even ultra-low concentrations. For the selected 3 

peaks, concentration versus intensity graphics were obtained in order to demonstrate the relation 

between Rhodamine concentration and peak intensity. These graphs are presented in Figure 4. The 

correlation coefficients (R2), which were calculated for the peaks located at 612, 1189 and 1362 cm-1 

were calculated as 0.9691, 0.9572 and 0.9628, respectively. These (R2) values clearly demonstrate that 

Ag nanowires can be used for detection of Rhodamine at even low concentrations.     

 

 
 

Figure 4. a) Raman spectrum of Rhodamine at concentrations from 10-4 to 10-7 and b,c,d) R2 values for the selected 

peaks. 
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The next step is to calculate the enhancement factor (EF) which is another feature demonstrating the Ag 

nanowires’ SERS capability.  In order to calculate EF, the following formula was utilized [19]:       

             

𝐸𝐹 =
𝐼𝑆𝐸𝑅𝑆𝑥𝐶0
𝐼0𝑥𝐶𝑆𝐸𝑅𝑆

 

Here, ISERS is Rhodamine’s SERS intensity, I0 is Rhodamine’s normal Raman intensity, CSERS (10-4 M) 

is Rhodamine concentration adsorbed on Ag Nanowires and C0 is only Rhodamine concentration.  Using 

the peak located at 612 cm-1, Rhodamine’s EF was computed as 1.39 x 106.  

 

In the literature, various studies discussed EF of several nano-scaled systems with different sizes and 

geometries. For example, Dikmen calculated the enhancement factor of the silver nanocubes as 3.13x108 

for the characteristic peak observed at 1456 cm-1 of the amoxicillin  molecule [20]. In another study, 

Francis et.al. calculated the enhancement factor for the characteristic peak of Rhodamine located at 1648 

cm-1 as 6.93x1013 [21].   

              

Additionally, the limit of detection (LOD) was determined using the following formula [22]: 

 

𝐿𝑂𝐷 =
3.3𝛿

𝑘
 

where,  δ is the peak intensities’ standard deviation and k is the calibration curve’s slope. 

 

In this study, LOD was calculated as 1.8x10-8  M, concluding that, depending on the  SERS experiments 

conducted, Ag Nanowires can be utilized for detection of Rhodamine as SERS substrates at low 

concentrations.   

 

3.2 Reproducibility and Stability of Ag Nanowires 

 

Reproducibility is another important feature when utilizing specific detection applications.  Two 

samples which were prepared under equal conditions were used in order to test the reproducibility of 

Ag nanowires. Four random points were selected on each sample and Raman spectrums were obtained 

from a total of eight points. The spectra belonging to these eight points are demonstrated in Figure 5 As 

seen from this figure, there are no discrepancies between the shapes of the peaks. For the selected peaks 

located at 612, 1189 and 1362 cm-1, relative standard deviation (RSD) values were calculated as well. 

These values were 10.285 %, 9.887 % and 4.815 % for 612, 1189 and 1362 cm-1 respectively, which 

clearly exhibits that Ag nanowires can be utilized for detection of Rhodamine in terms of their 

reproducibility features.   
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Figure 5. 8 random points’ Raman intensities for Rhodamine adsorbed Ag NWs (left),  RSD % values at 612, 

1189 and 1362 cm-1(right). 

 

 

Reproducibility is a characteristic property which is easily affected by the stability of the substrate. For 

this reason, the substrate’s stability should be checked when concluding about their convenience to be 

used as SERS substrates.  In this study, Ag nanowires were left to ambient environment for 40 days and 

at the end of 40 days, their Raman spectra were collected again and the spectra were examined in order 

to check characteristic peak intensities at 612, 1189 and 1362 cm-1. Figure 6 exhibits the spectrum 

obtained within 40 days of storage at ambient environment. The spectra demonstrate that there is no 

significant change in the intensities of the characteristic peaks, indicating that Ag nanowires are 

chemically stable substrates for Rhodamine detection via SERS method.  
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Figure 6. SERS spectra of Rhodamine on Ag NWs substrate stored within 40 days (a) and peak intensities of 

characteristic peaks of Rhodamine and storage times. 

 

4. CONCLUSION 

 

In this study, Ag nanowires were synthesized and this nanostructure was utilized as a SERS substrate in 

order to detect Rhodamine molecule. Rhodamine concentrations varying from 10-4 to 10-7 were prepared 

for SERS experiments. Afterwards, SERS experiments were conducted and three of Rhodamine’s 

characteristic peaks, which are 612, 1189 and 1362 cm-1 were selected for SERS studies. LOD and EF 

values for Ag nanowires were calculated as 1.8x10-8  M and 1.39 x 106 respectively. In the study, Ag 

nanowire substrates made the Rhodamine detection possible at even low concentrations such as 10-7 M, 

by boosting up the Raman signals via electromagnetic and chemical enhancements.  Moreover, this 

nanostructure exhibited high sensitivity, chemical stability and reproducibility for detection of  

Rhodamine molecule. Finally, it can be concluded that, Ag nanowires can be used for detection of 

Rhodamine at ultra low concentrations via SERS method as a reliable and sensitive substrate.    

 

ACKNOWLEDGEMENT 

 

The author would like to acknowledge Eskişehir Osmangazi University Central Research Laboratory 

Application and Research Center (ARUM) for their support. 

 

CONFLICT OF INTEREST 

 

The author stated that there are no conflicts of interest regarding the publication of this article. 

 



Ay / Eskişehir Technical Univ. J. of Sci. and Tech. A – Appl. Sci. and Eng. 24 (4) – 2023 
 

248 

 

REFERENCES           

 

[1] Fleischmann M, Hendra PJ, McQuillan AJ. Raman spectra of pyridine adsorbed at a silver 

electrode, Chem. Phys. Lett. 1974; 26 (2): 163-166. 

 

[2] Feldheim DL, Foss  CA. Metal nanoparticles: Synthesis, Characterization and Applications. New 

York, USA: Marcel Dekker Inc., 2002. 

 

[3] Kneipp K, Moskovits MH. Surface Enhanced Raman Scattering. Berlin, Germany: Springer-

Verlag, 2006. 

 

[4] Sun CH, Wang ML, Feng Q. Surface-enhanced Raman scattering (SERS) study on Rhodamine B 

adsorbed on different substrates. Russ. J. Phys. Chem. 2014; 89: 291–296. 

 

[5] Lombardi JR, Birke RL.  A unified view of surface-enhanced Raman scattering. Acc Chem Res. 

2009; 42(6): 734-742. 

 

[6] Valley N, Greeneltch N, Van Duyne RP, Schatz GC. A look at the origin and magnitude of the 

chemical contribution to the enhancement mechanism of surface-enhanced Raman spectroscopy 

(SERS): Theory and experiment. J. Phys. Chem. Lett. 2013; 4(16): 2599-2604. 

 

[7] Li X, Li M, Li J, Lei F, Su X, Liu M, Tan X. Synthesis and characterization of molecularly 

imprinted polymers with modified rosin as a cross-linker and selective SPE-HPLC detection of 

basic orange II in foods. Analytical Methods 2014; 6(16): 6397–6406. 

 

[8] Xu D, Li J, Zhang S, Zhang Y, Yang W, Wang Z, Chen J. A novel and controllable SERS system 

for crystal violet and Rhodamine B detection based on copper nanonoodle substrates. 

Spectrochim Acta A Mol Biomol Spectrosc. 2022;  5 (275): 121165.  

 

[9] Fang G, Wu YU, Dong X, Liu C, He S, Wang S. Simultaneous determination of banned acid 

orange dyes and basic orange dyes in foodstuffs by liquid chromatography–tandem electrospray 

ionization mass spectrometry via negative/positive ion switching mode. Journal of Agricultural 

and Food Chemistry. 2013; 61(16): 3834–3841. 

 

[10] Botek P, Poustka J, Hajšlová J. Determination of banned dyes in spices by liquid chromatography-

mass spectrometry. Czech J. Food Sci.. 2007; 25(1):17-24. 

 

[11] Sun Y. Silver nanowires – unique templates for functional nanostructures. Nanoscale. 2010; 2: 

1626-1642. 

 

[12] Barveen NR, Wang TJ, Chang YH, Yuan-Liu Z. Ultrasensitive and reusable SERS probe for the 

detection of synthetic dyes in food industry through hybrid flower-shaped ZnO@Ag 

nanostructures. Journal of Alloys and Compounds. 2021; 861: 157952. 

 

[13] Shao J, Tong L, Tang S, Guo Z, Zhang H, Li P, Wang H, Du C, Yu XF. PLLA nanofibrous paper-

based plasmonic substrate with tailored hydrophilicity for focusing SERS detection, ACS Appl. 

Mater. Interfaces. 2015: 7(9): 5391-5399. 

 

[14] Pal AK, Pagal S, Prashanth K, Chandra GK, Umapathy S, Bharathi Mohan D. Ag/ZnO/Au 3D 

hybrid structured reusable SERS substrate as highly sensitive platform for DNA detection. 

Sensors and Actuators B: Chemical. 2019; 279: 157-169. 



Ay / Eskişehir Technical Univ. J. of Sci. and Tech. A – Appl. Sci. and Eng. 24 (4) – 2023 
 

249 

 

[15] Zhao K, Lin J, Guo L. ZnO/Ag porous nanosheets used as substrate for surfaceenhanced Raman 

scattering to detect organic pollutant, RSC Advances. 2015; 5: 53524 – 53528. 

 

[16] Pal AK, Bharathi Mohan D. SERS enhancement, sensitivity and homogeneity studies on bi-

metallic Ag-Cu films through tuning of broad band SPR towards red region. Journal of Alloys 

and Compounds. 2017; 698: 460-468. 

 

[17] Chen Z, Balankura T, Fichthorn KA, Rioux RM. Revisiting the polyol synthesis of silver 

nanostructures: role of chloride in nanocube formation. ACS Nano. 2019; 13: 1849-1860.  

 

[18] Wiley B, Sun Y, Mayers B, Xia Y. Shape-controlled synthesis of metal nanostructures: The case 

of silver. Chem. - A Eur. J. 2005; 11(2): 454-463. 

 

[19] Bell SEJ, Charron G, Cortés E, Kneipp J, Chapelle ML, Langer J, Procházka M, Tran VI, 

Schlücker S. Towards reliable and quantitative surface enhanced Raman scattering (SERS): from 

key parameters to good analytical practice, Angew. Chemie Int. Ed. 2020; 59(14): 5454-5462. 

 

[20] Dikmen G. Ultrasensitive detection of amoxicillin using the plasmonic silver nanocube as SERS 

active substrate. Spectrochim. Acta A Mol. Biomol. Spectrosc. 2022; 278: 121308.  

 

[21] Francis MK, Sahu BK, Bhargav PB, Balaji C, Ahmed N, Das A, Dhara S. Ag nanowires based 

SERS substrates with very high enhancement factor, Physica E: Low-dimensional Systems and 

Nanostructures. 2022; 137: 115080. 

 

[22] Kamal S, Chowdhury A, Yang TCK. Ultrasensitive SERS detection of Rhodamine 6G using a 

silver enriched MOF-derived CuFe2O4 microcubes substrate. Spectrochim. Acta A Mol. Biomol. 

Spectrosc. 2020; 235: 118262.  

 

 

 

 

 

 

 


