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Spectroscopy and Spectral Analysis
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ZSERONE . B A FREE W SRR L W A P AR R I SR A RS E T
PR FORL . R ST — MR RS . T 75 AgNPs,

A AR R — Bl A, PE R SE 4 B G 7 HE AR
AgNPs. (i 1965 BB $N A i J5U R R AR S ) . K AR S BN A
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Fig. 1 (a) UV-Vis absorption spectra of AgNPs. insets is

physical maps of nanosilver hydrosols; (b) TEM image

of AgNPs
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3724

S 4 BT

5540 &

F 1 628 cm ' BT AE G W 2 4R AE 06, A B SCHR R LE 449
1 4011 1 628 cm ' [ 3 () MB 45 {if i )1 J8 T C—C, C—
g C—N—CHRG MR, A MBI HORE
6> R AR RE AR I 2% 3 2 DA I AN

449 778 1401 1628

® T

a

b

_ ¢

= - 7]

Intensity/a.u.

e

S

400 800 1200 1600 2000

Raman shift/cm™
2 AERER MB 458 R H 8 it
a: 55107 * mol « L™ MB 4% #i; b: 5X 10 ° mol « L™! MB &li#%
W5 c: 2.5X107° mol « L™! MB 4l s d: 2.5X10 % mol » L™}
MB 87 ; e: 2.5X1077 mol « L™! MB aliff s f: SR8 63k
Fig. 2 Raman spectra of different concentrations
of MB pure solution
a: 5X107* mol « L™! MB pure solution; b: 5X 10 °mol « L~ MB
pure solution; ¢; 2. 5X107° mol « L' MB pure solution; d: 2.5 X
107 % mol « L' MB pure solution; e: 2. 5X10°7 mol «+ L~ ! MB pure

solution; f: Silver gel Raman spectroscopy
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Fig. 3 SERS spectra of different concentrations

of MB silver glue mixture
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Fig. 4 Raman spectra of different concentrations
of RhB pure solution

a: 1X10° mol » L' RhB pure solution; 6#;: 1X10"* mol « L™ ! RhB
pure solution; ¢; 1>X10 ° mol » L™ ! RhB pure solution; d: 1X10 ¢

mol » L~ ! RhB pure solution
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Fig. 5 SERS spectra of different concentrations

mol « L

of RhB silver paste mixture
a: 1X10 *mol « L' RhB SERS; b: 1 X10 * mol « L~ ! RhB SERS;
¢: 1X107° mol » L™ ! RhB SERS; d: 1X10 % mol « L™ ! RhB SERS

2.4  AgNPs XF 55 1% fh 21 B9 SERS 3 52

Bk & 41 (basic fuchsin, BF)J& =W ek, T2 /M
T8 LS M Y . (A AE YRR 22, B R
PR .

T B A [ vk BE 19 B 7K 0 W 0 AR 66 47 A A ()
WRENY BF 2R f Wi B 2061, fr 8%k S ok AR
R TIE Ny 100 mW, FBAFEIE 5 s, BIFRE1 K, B 6
a—d Jg BF S0y W B2 6 1%, BF SRk BEAE 1 X107
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Fig. 6 Raman spectra of different concentrations
of BF pure solution
a: 1X107% mol « L™ BF pure solution; 6: 1X10 * mol « L~ ! BF
pure solution; ¢; 1X10° mol » L~ ! BF pure solution; d: 1X10 6

mol « L' BF pure solution
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WRERELE| 1X10 *mol « L',

418 1169 1369 1589

MJ\._A./\/L/\/\.—_/\.—/\/\.——./\———.———.I;

Intensity/a.u.

VAN AN ¢

d

4(')0 860 1 ZIOO 1 6‘00 2 dOO
Raman shift/cm™

B 7 7F[ERER BFREE S ik SERS Stif
a: 1X107% mol « L™ ! BF SERS Jt3%; 6: 1 X 10 * mol « L~ ! BF
SERS Y% ; ¢: 1X107° mol « L™! BF SERS Jii; d: 1X10 % mol «
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Fig. 7 SERS spectra of different concentrations

of BF silver paste mixture

a: 1X107% mol « L' BF SERS; 6: 1X107* mol « L™! BF SERS;
¢: 1X107° mol » L™ ! BF SERS; d: 1X10 ¢ mol « L.-! BF SERS
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WEoE. G5, 2% 40 oK AR A I A A 3 T 34 5 B 2 ok 3% 3
S, BEMEAR DN 10 ° mol « L' MY Rl iA 1. ELAEYE K YLkt
9, (il H R AR 0 38 REAR 47 4t S8 2% . R WA 4 K AR kL T L
A AR TR 2 0 AR B2 ORI M . SR EK A IR SERS B
i DA RS U R, R AR K b ot A R A T 26 B
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Hydrothermal Green Synthesis of Nano Silver and Its Application in
Surface Enhanced Raman of Organic Dyes in Water

XUE Chang-guo', TANG Yu', LI Shi-qin', LIU Song', LI Ben-xia®
1. School of Materials Science and Engineering, Anhui University of Science and Technology, Huainan 232001, China
2. Department of Chemistry, School of Science, Zhejiang Sci-Tech University, Hangzhou 310018, China

Abstract The development of industry has caused a large number of dyes to be discharged into water bodies, causing serious
pollution to the water environment and harming the entire ecosystem. Therefore, it is important to develop portable and rapid
detection technology. Surface-enhanced Raman spectroscopy has the advantages of high single-molecule level detection
sensitivity, short detection cycle, and molecular fingerprint specificity. Its application in the field of water organic dye detection
has received widespread attention, but this technology relies on reliable substrates with high enhancement and high signal
reproducibility, but the synthesis of substrates mostly uses toxic and hazardous materials, posing potential environmental risks.
The use of non-toxic chemicals, non-polluting solvents and renewable materials are important considerations in green synthesis
strategies. In summary, this paper adopts a hydrothermal method to green synthesize nano-silver and use it in surface-enhanced
Raman technology to detect organic dyes in water. First, a simple, fast, and green synthesis method was adopted, using sodium
alginate as the reducing agent and stabilizer, and water as the reaction medium. The nano-silver hydrosol was prepared by
hydrothermal reduction of silver nitrate, and a reliable substrate for this experiment was obtained. The structure and surface
morphology of nano-silver were analyzed by UV-visible spectrophotometry and transmission electron microscopy. The results
showed that the prepared nano-silver hydrosol had a large particle size, a wide distribution, a good dispersion and a spherical
shape, and an average particle diameter 46 nm. Three dyes (methylene blue, rhodamine B, and basic fuchsin) were formulated
into solutions of different concentration gradients and then mixed with the prepared silver gum for surface-enhanced Raman

detection. The Raman spectrum of the dye solution was detected, and the characteristic peaks were identified by reference to the
* mol « L'

literature. Raman characteristic peak can be detected when the concentration of the pure solution is 1 X 10
However, there was no characteristic peak at 1>X10 " mol » L™ concentration or lower. The detection of the Raman spectra of
the silver gum showed that there was no Raman peak. indicating that the silver gum had no background effect on the Raman
spectra of the mixture. The Raman spectral characteristic peak position of the silver gum mixture is still relatively obvious at low
concentration gradients. These results show that the Nano-silver synthesized by this method has a good Raman enhancement
effect on the three dyes, and the sensitivity can reach 10°° mol « ™', With the emphasis on environmental protection, the
surface-enhanced Raman technology using Nano-silver synthesized by green method as a reliable substrate will have a broader

application prospect in the field of dye wastewater detection.
Keywords Dye; Surface enhanced Raman spectroscopy; Green chemistry; Sodium alginate; Nano-silver
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