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Abstract— stabilized Ag Nanoparticles (NPs) 

were synthesized using Lee-Meisel method 

under three different conditions in an oil bath. 

UV-Vis spectroscopy of the Ag NPs showed a 

Localized Surface Plasmon (LSP) band around 

430 nm, indicating Ag NPs had a size range 

around 40 nm. To fabricate a surface Enhanced 

Raman Spectroscopy (SERS) substrate, LSP 

properties of Ag NPs was employed with the 

goal of detecting Rhodamine 6G dye. SERS 

spectrum was recorded by using 180 degrees, 

back-scatter Raman configuration in a custom-

made mount. The results showed that ideal Ag 

NPs agglomeration condition had been achieved 

by applying centrifuging process and due to 

this, adding NaCl salt to the SERS substrate 

was found to be unnecessary. The optimum rate 

of tri-sodium citrate versus silver nitrate and its 

influence on UV-Vis and SERS spectra was 

determined. It was understood that in order to 

obtain a uniform SERS intensity profile, 

employing a heater-stirrer instead of an oil bath 

alongside controlling the atmospheric condition 

and also drying the substrate in the Argon gas 

medium are the most necessary conditions for 

Ag NPs synthesize. The novelty point is 

obtained when SERS of R6G on a certain 

substrate, immediately after fabrication and 

after one month, were compared with a bare 

R6G dye substrate which, have revealed 

exceptional performance.  
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I. INTRODUCTION 

Nanomaterials are different from their bulk 

counterparts in various features like electronic, 

magnetic, stress and strain properties. Metal 

nanostructures especially transition metal 

nanoparticles have been excessively invested 

in the fields like nanocatalysts, biosensing and 

etc. [1]. Transition metals show exceptional 

properties. When a transition metal with 

specific condition is exposed to a certain 

wavelength of light, collective oscillation of 

electrons provokes localized high 

electromagnetic field zones called Localized 

Surface Plasmon Resonance (LSPR). 

Transition Noble metal nanostructures exhibit 

surface enhanced Raman scattering, 

throughout which, Raman scattering cross 

section of the molecules (analyte) adsorbed 

onto the metal nanostructure increases 

significantly. Since attenuation lines of silver 

exceed that of gold, and Plasmon resonance 

enhancement of it is greater, silver is preferred 

over gold. SPR band of silver could be set to 

all the visible wavelength of light and also, 

silver NPs cost much less than gold NPs. 

Disadvantageous to these features, mobility of 

Ag ions is fast and Ag ions oxidize easily 

[2&3]. While these properties strongly affect 

the uniformity of SERS intensity and its 
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reproducibility, the controllable synthesis of 

Ag NPs is still a challenge [4]. SERS is 

employed to detect different materials from 

biological to environmental analyts [5]. The 

Raman weak cross section limits its 

application, so the analyte molecules should be 

located in close proximity of plasmonic 

nanostructure [6] & [7]. If nanoparticles have 

had a constant size distribution throughout the 

SERS sample and have been sufficiently close 

to each other, a strong interaction between the 

nanoparticles and analyte molecules would be 

gained [8]. Since there is no adequate and 

unique substrate, SERS is limited to each 

analyte where for each, a specific substrate has 

to be employed [9].  

In this research, in order to unify the SERS 

intensity of dye molecules, Ag NPs were 

synthesized in three different conditions. Ag 

NP SERS substrate and Ag NP plus NaCl salt 

SERS substrate were fabricated to detect R6G 

dye Raman signal. Also, the effect of time and 

concentration of Ag NPs on Raman Intensity 

of R6G were investigated by employing UV-

Vis spectroscopy and SERS.  

II. EXPERIMENTAL PROCEDURE 

A. Material and Methods 

AgNO3, tri sodium citrate, Ethanol, Acetone 

were provided from sigma Aldrich. All of the 

chemical reagents were used as received. 

Deionized water was used in all experiments. 

in the beginning, all of the lab glassware were 

washed with chromic acid, and then rinsed 

with deionized distilled water several times. 

B. Ag NP Synthesis 

Stabilized Ag NPs was synthesized using Lee-

Meisel method in an oil bath [10&11]. An 

aqueous solution with 0.5 mM AgNO3 was 

heated while stirring in the oil bath. In order to 

have a constant temperature, it was controlled 

in the reaction medium using a laser 

thermometer. Humidity was controlled using a 

cooling system. After that, 0.5 mM aqueous 

solution of tri sodium citrate, with a 99% 

purity and 294.10g/M molar mass was 

simultaneously stirred while heating and then 

it was combined with the boiling solution of 

silver nitrate at once. The reaction was 

continued at the boiling temperature for one 

hour with stirring alongside controlling 

humidity. At the end of reaction, it was 

allowed to cool to room temperature. At last, 

multiple centrifuging, and rinsing processes 

was followed.  

Table 1. Nanoparticle and SERS Samples 

 
Sample 

Numbers 
Description 

Samples of 

Nanoparticles 

S.N. 1 

Ag NPs synthesized in 

oil bath and then 

centrifuged 

S.N. 2 T:A-R: 3 

S.N. 3 T:A-R: 4.5 

S.N. 4 

Ag NPs synthesized in 

oil bath, no 

centrifuging followed 

S.N. 5 

Ag NPs synthesized 

using heater-stirrer, Ar 

gas 

SERS Samples 

S.S.1  R6G+Ag NPs 

S.S. 2 R6G+NaCl+Ag NPs 

S.S. 3 R6G+S.N. 2 

S.S. 4 R6G+S.N. 3 

S.S. 5 R6G+S.N. 1 

S.S. 6 R6G+S.N. 4 

S.S. 7 R6G+S.N. 5 

C. Fabrication of SERS Substrate and 

SERS Setup  

 The glass slides were cut into 4 cm2 pieces 

and then washed with ethanol, acetone and 

distilled water, respectively. After that, SERS 

samples were prepared to investigate R6G 

SERS detection. Ag NPs were drop cast onto 

the glass substrate and it was allowed to dry in 

room condition. At last, R6G dye with a 0.1 

mM concentration was deposited onto the 

glass piece. Fabrication of the S.S.2 was the 

same, except that, it carried with itself ratio of 

1:1 Ag NP: NaCl salt. 

Schematic SERS layout is shown in Fig. 1. At 

first, The second harmonic CW (Nd:YAG) 

laser with 20 mW pass through the band pass 

filter (FL532-10), and is split by dichroic beam 

separator Di02-R532. Next, the reflector 

element is sending the laser beam to the lens 

and then to the sample (it was held with 

sample holder) it enters the spectrometer. 
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Scattered beam from the sample is collected 

using ICCD istar (HD334) and then it 

transmits through the band stop filter (NF533-

17), to enter the spectrometer (Ocean Optics 

HR4000CG-UV-NIR), which collects the 

sample traces. 

 
Fig. 1. SERS Schematic layout: 1 Laser, 2 Band 

pass filter 3 Sample, 4 Dichroic beam Separator, 5 

Band stop filter, 6 Fiber, and 7 Spectrometer 

III. RESULTS AND DISCUSSION 

UV-Vis of S.N. 1 is shown in Fig. 2. In this 

figure, two shoulders were shown at 404 nm 

and 428 nm attributed to the Ag NP with 40-

50 nm size range. We found this Particle size 

distribution similar to the experimental and 

simulation results which was obtained by 

Shen, et al. [4, 14-16], for silver and gold 

respectively. The UV-Vis and SEM shown in 

Fig. 3 proved this as the desired size of Ag 

NPs for SERS measurements, was proved by 

[4]. 

 
Fig. 2. UV-Vis absorption of sample S.N.1.  

FE-SEM image of S.N. 1 shown in Fig. 4 

presents spherical profile and homogeneous 

distribution for Ag NPs. It also determines a 

size range of 30 to 40nm for Ag NPs 

synthesized in the oil bath.  

SERS signal of S.S.1 and S.S. 2 (R6G plus Ag 

NPs and R6G plus NaCl plus Ag NPs, 

respectively) are presented in Fig. 5. It is clear 

that absence of NaCl positively affected the 

Raman spectrum of R6G. Appropriate 

agglomeration produces a desired SERS 

intensity [17] which was obtained through 

several centrifuging processes. 

 
(a) 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.i

jo
p.

ir
 o

n 
20

25
-1

2-
24

 ]
 

                             3 / 10

https://mail.ijop.ir/article-1-374-en.html


V. Rezaie Kahkhaie at al. Unification of Surface Enhanced Raman Spectroscopy of Dyes Using One Pot … 

192 

 
(b) 

Fig. 3. (a) UV-Vis spectra and (b) SEM images of 

28 to 75 nm Ag NPs [4]. 

Increased adsorption of dye pigments due to 

more vacant positions around Ag NPs have 

resulted in improved SERS signal in S.S. 1. 

Stronger fluorescent observed in the original 

graph (not shown here) is a proof for this 

conclusion. 

 
(a) 

 
(b) 

Fig. 4. (a) Image of Ag NPs size distribution and (b) 

The exact size measured by FE-SEM for 

synthesized Ag NP. 

In S.S.2, SERS intensity dropped due to 

decrease in the appropriate hot sites and 

absorption of R6G molecules. This is caused 

by aggregation of R6G dye and big clusters of 

Ag NPs created by the addition of NaCl salt. 

Also we claim that, for the first time, the 

detection of R6G SERS was observed for 

peaks located at 354, 851, 979.03 and 1072.17, 

are shown in Table 2 and in Fig. 4. 

 
Fig. 5. SERS of S.S.1 and S.S.2.  

Table. 2. Comparison of experimental and literature 

values of different vibrational modes of R6G. 

Vibrational 

modes of 

functional 

groups 

Literature 

values (cm-1) 

[18, 19, 20] 

Experimental 

Values 

(cm-1) 

15

2hD  symmetric 

group frequency 
- 354 

C-H out of plan 

bend 
785 [18] 727 

Ring breathing 

vibration 

- 851 

- 979.03 

- 1072.17 
15

2hD  symmetric 

group frequency 
1186.9 [18] 1148.12 

C-H out of plan 

bend 
1303 [18, 19] 1266 

Ring breathing 

vibration 
1357 [18, 19] 1324 

Aromatic C-C 

stretching 

1508 [18, 19] 1468 

1647 [18, 19] 1598 
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IV. THE EFFECT OF TRI-SODIUM 

CITRATE /AGNO3 RATIO 

Ag NP synthesis was repeated using different 

Tri-sodium citrate: AgNO3 Ratio (T: A-R) to 

provide for SERS substrate reproducibility and 

investigate the effect of tri sodium citrate on 

the nanoparticle size distribution. UV-Vis of 

S.N.2 and S.N.3, and SERS of S.S. 3 and S.S. 

4 are presented in Fig. 6 and 7. Table 1 

includes descriptions of the samples. 

 
Fig. 6. Comparison between UV-Vis spectra of S.  

N.2 and S.N.3. 

A slight blue shift is observed for the higher T: 

A-R (S.N. 3) in Fig. 6 (UV spectrum), which 

is caused by the decrease in the Ag NPs size. 

Increase in the number of tri sodium citrate 

molecules, limits the Ag+ ions to attach to the 

Ag nuclei, so a smaller size is gained. 

 
Fig. 7. Comparison of SERS spectra of S.S. 3 and 

S.S. 4. 

The smaller Ag NPs in S.N. 2 could not 

compete with the bigger ones in S.N. 3 in 

terms of SERS spectra. An intensity ratio over 

4 times is observed for S.N. 2. Comparison 

between Fig. 6 and 7 verify the dependence 

between UV-Vis and SERS spectra. 

V. THE EFFECT OF CENTRIFUGING 

AND RINSING  

S.N. 1 was synthesized the same way 

mentioned in the experimental section. But 

S.N.4 was processed without followed 

centrifuging.  

 
Fig. 8. UV-Vis spectra of S.N. 1 and S.N. 4. 

UV-Vis spectra of these samples, is shown in 

Fig. 8 which presents a Gaussian spectrum, 

single plasmon peak and a smaller FWHM 

band for S.N.1. On the contrary S.N. 4 shows 

unwanted additional peaks at 360 nm, 406 nm, 

and 476 nm which intervene with the plasmon 

band, hides it and broaden the FWHM band of 

the Ag NPs. Because band width of S.N. 1(80 

nm) and S.N. 5 overlap in similar intensities, 

the chance of size distribution being around 40 

to 50 nm is high.  

Figure 9 describes SERS of S.S.1 versus S.S.5. 

Size distribution difference between S.N. 1 

and S.N. 4 presented itself through decrease in 

SERS intensity. So, SERS spectrum was 

affected by nanoparticle size distribution. 
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Compared with UV-Vis analysis, it shows a 

smaller noise which proves that SERS is not as 

affected by the extra salts synthesized during 

reaction. 

 
Fig. 9. SERS spectra of S.S. 5 and S.S. 6.  

VI. SERS SUBSTRATE OPTIMIZATION 

When an oil bath is employed in the 

fabrication of Ag NPs, un-uniform SERS 

spectrum is observed [12]. If medium is filled 

with oxygen around the reaction flask, the 

possibility of having a few oxidized Ag NPs 

and an inhomogeneous Ag NP colloid 

increase. This would cause lack in single size 

distribution and distorted adsorption of analyte 

molecules onto the Ag NPs and excites 

different localized surface Plasmon resonance 

modes which dampen the SERS signal [13].  

To reach an optimum condition for Ag NPs 

synthesis, instead of the oil bath, the magnetic 

heater was used along with stirring to obtain 

positive results. Reaction atmosphere was 

deployed of oxygen by flowing argon gas with 

100 mbar pressure. If Ag+ is exposed to light, 

it shows great tendency to graft with oxygen 

ions. To avoid this effect, we isolated reaction 

flask with a thick aluminum foil, also creating 

a cavity that reflect the heat back into the 

flask. 

Figure 10 shows UV-Vis spectrum of S.N. 5. 

Figure 11 shows SERS spectra of S.S. 7. It is 

seen that each point of SERS substrate acts as 

a very capable Raman enhancer. SERS 

intensities obtained shows a 0.72 to 1 ratio 

which is a promising for unification of SERS 

throughout samples. 

 
Fig. 10. UV-Vis spectrum of S.N. 5. 

 
Fig. 11. SERS spectra at different positions of 

S.S. 7. 

Considering the drop-cast method used to 

fabricate SERS substrate, these results 

qualifies our method of Ag NP synthesis and it 

creates a path for our future researches.  

VII. DETERMINING THE LIFE TIME OF 

SERS SAMPLE 

With the goal of researching an optimum life 

time for our SERS samples were tested S.S. 7 

sample immediately after fabrication and one 

month after. Also to compare the results, 
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Raman spectrum of bare R6G is given. Fig. 12 

shows SERS response of S.S. 7 compared with 

its older version and a bare R6G substrate. 

SERS without Ag NPs shows only 

perturbation. Raman spectrum of R6G is 

difficult to detect because of its strong 

fluorescence. When SERS spectrum is 

collected right after substrate fabrication, it 

shows Raman peaks of R6G, not the 

background noise appeared in the case of bare 

R6G. Even after one month, SERS substrate 

was significantly capable of detecting the 

analyte.  

.  

Fig. 12. Determination of life time of S.S. 7. 

VIII. CONCLUSION 

SERS sample with and without NaCl salt with 

ratio of 1:1 for the sample containing salt was 

fabricated. 

The effect of Ag NPs size distribution, the 

synthesize root and the time interval on SERS 

and UV spectra was investigated.  

The novelty and significant points were 

obtained as:  

• The effect of size on UV-Vis are 

investigated which compared to the 

review literature, was found to be 

compatible with the FE-SEM and SERS 

observations.  

• The SERS substrate without NaCl salt has 

given the outstanding results. 

• The peaks at 354, 851, 979.03 and 

1072.17 were detected by SERS for the 

first time.  

• Single size NPs, with a Gaussian profile 

for UV-Vis spectra was obtained, with an 

hour centrifuge process.  

• The life time of SERS substrates was 

investigated. SERS signals gathered after 

one month showed exceptional 

compatibility.  

• SERS intensities obtained 0.72 to 1 ratio 

uniformity throughout samples which is a 

promising for unification of SERS.  
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