Rare Metal Materials and Engineering
Volume 46, Issue 9, September 2017
Online English edition of the Chinese language journal

Available online at www.sciencedirect.com

ScienceDirect

Cite this article as: Rare Metal Materials and Engineering, 2017, 46(9): 2395-2398.

Microwave-assisted Synthesis Silver Nanoparticles amﬂ
Their Surface Enhancement Raman Scattering

Liu Faxian'? Liu Jie', Cao Xueling®

CrossMark

! Key Laboratory of Carbon Fiber and Functional Polymers, Ministry of Education, Beijing University of Chemical Technology, Beijing 100029,
China; 2 Jilin Petrochemical Company, Jilin 132002, China; * Jilin Institute of Chemical Technology, Jilin 132022, China

Abstract: A one-step microwave-assisted method was used for the synthesis of silver nanoparticles, and the corresponding nature

and structure of silver nanoparticles were characterized by UV-Vis absorption spectroscopy, transmission electron microscopy

(TEM), and atomic force microscopy (AFM). Raman scattering activities of silver nanoparticles with different reaction time were

explored using rhodamine 6G (R6G) as a probe molecule. The results show that the intensity of surface enhancement Raman

scattering (SERS) signals could be increased by silver nanoparticles. And then we made a comparison on SERS spectra of R6G

studied silver nanoparticles to investigate the effect of surface enhancement Raman. Meanwhile, we studied the mechanism in the

process of enhancement by silver nanoparticles.
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Since the surface enhancement Raman scattering (SERS)
effect was discovered for the first time by M. Fleischmann'!
in 1974, SERS has attracted considerable attention on both

theoretical and experimental investigations™*".

[10-13]

Recently,
single-molecule detection should be the most progress,
showing enhancement factors up to 10"~10" on a single
silver nanoparticle. Due to the excellent optical properties,
silver nanoparticles have been widely used for SERS.
Different approaches to the synthesis of silver nanoparticles
have been reported such as chemical reduction, UV photolysis

and gamma irradiation".

Among them, the chemical
reduction was still the most common method. In addition,
microwave-assisted heating has been coupled with the
chemical reduction as a convenient and energy efficient
preparation method of silver nanoparticles. The main
advantage of microwave-assisting over conventional heating
is rapid and uniform since no high temperatures or high

1s.161 Therefore, both nucleation and

pressures are needed
growth could be controlled easily to produce nano-products
with the desired shape or size. Microwave-assisted methods

have been widely used for the synthesis of metallic
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nanoparticles such as gold, silver, palladium and platinum"*'”.

Here we reported a one-step microwave-assisted synthesis of
silver nanoparticles. Furthermore, we provided a direct
application of the silver nanoparticles to the surface
enhancement Raman  scattering. = Meanwhile,  silver
nanoparticles were produced at three different reaction time,
and then we made a comparison on SERS spectra of R6G
molecules adsorbed on the three kinds of silver nanoparticles

to investigate the effect of surface enhancement Raman.
1 Experiment

The silver nitrate was purchased from Sigma and used
without further purification. The trisodium citrate was
purchased from Beijing Chemical Company. All other
reagents were of analytical reagent grade and used as received.
The water used was purified through a Millipore system.

The silver nanoparticles were synthesized by BILON-
CW-1000 ultrasonic microwave synthesizer (Shanghai Bilon
Instrument Manufacturing CO.). The AgNO; aqueous (10 mL,
10 mmol/L) was added to trisodium citrate aqueous (10 mL,
10 mmol/L) at 37 °C. Two minutes later, the mixture was
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incubated with the microwave irradiation with indirect
response mode for the different time (=8, 15, 20 min). The
solution was centrifuged with 10000 r/min and then
thoroughly rinsed twice in deionized water to obtain silver
nanoparticles. The deposit was collected and then subjected to
freeze-drying to obtain silver nanoparticles in powder.

The UV-Vis spectra were recorded on a Shimadzu UV-3600
spectrophotometer for solutions with concentration of 10
mg/mL silver nanoparticles contained in 1 cmx1 cm quartz
cuvettes (4 mL volume).

A certain amount of silver nanoparticles was gained with a
special copper mesh, then placed and dried under an infrared
lamp for 1.5 h. The copper mesh with the sample was placed
into the sample tank, the working voltage of JEM-2000EX
transmission electron microscopy was adjusted to 200 kV, and
then transmission electron microscopy images was obtained.

Raman spectra were recorded on Raman spectrometer
(Renishaw Invia, UK) equipped with inverse microscope
(ZEISS Axiovert 25). The spectral response range of Raman
spectra was 500~1700 cm™. The spectra were excited by 632.8
nm line of 35 mW He-Ne laser at 10 s exposure.

2 Results and Discussion

2.1 UV-Vis spectra of silver nanoparticles

For the microwave-assisted synthesis of silver nanoparticles,
trisodium citrate was reacted with silver nitrate aqueous under
extremely basic conditions (pH 8) at 37 °C by MWI instead of
direct heating to maintain the temperature. The growth of
silver nanoparticles as a function of reaction condition was
followed by UV-Vis spectra. When the initial powers of MWI
are varied from 100 to 700 W and the reaction time is 10 min,
the maximum absorption wavelength red-shift gradually with
reaction power, ascribed to the slow growth of silver
nanoparticles (Fig.1). After 10 min of MWI at 500 W, the
UV-Vis spectra change slightly when the molar ratio of silver
nitrate and trisodium citrate varies in the range of 3:1~1:3
(Fig.2). However, for the molar ratio of 1:3, the maximum
absorption wavelength decreases more quickly.
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Fig.1 UV-Vis absorption spectra of silver nanoparticles prepared
with different MWI powers (a- 100 W, b- 300 W, c- 500 W,
d- 700 W)
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Fig.2 UV-Vis absorption spectra of silver nanoparticles prepared
with different molar ratios of AgNO; and trisodium citrate
(a- 3:1,b-2:1, ¢c- 1:1,d- 1:2, and e- 1:3)

Fig.3 provides the UV-Vis spectra of three original silver
nanoparticles obtained by the reduction method, namely for
the power setting of 500 W silver nitrate and trisodium citrate
(the molar ratio was 1:1) were mixed and heated for different
time (=8, 15, 20 min). These spectra indicate that metallic
silver nanoparticles have different sizes after different reaction
time. At reaction time of 8, 15, 20 min, the plasmon resonance
peaks appear at 408, 423, 461 nm, respectively (Fig.3). It is
shown that the size of silver nanoparticles increases gradually
with the increasing of the reaction time. So we could adjust
the reaction conditions to prepare different sizes of silver
nanoparticles.

2.2 TEM images of silver nanoparticles

TEM images of silver nanoparticles are shown in Fig.4. It is
obvious that silver nanoparticles are uniformly spherical in
shape and well-dispersed. The mean size of these
nanoparticles is approximately 60 nm, which is in agreement
with that of the UV-Vis spectrum. And with the increase in
reaction time, the size of the silver nanoparticles was larger,
but when the reaction time is 20 min, some certain
aggregation occurs in silver nanoparticles.
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Fig.3 UV-Vis absorption spectra of silver nanoparticles prepared
with different heating time (a- 8 min, b- 15 min, and c- 20

min)



Download English Version:

https://daneshyari.com/en/article/7210267

Download Persian Version:

https://daneshyari.com/article/7210267

Daneshyari.com


https://daneshyari.com/en/article/7210267
https://daneshyari.com/article/7210267
https://daneshyari.com

