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Abstract: The sodium citrate-reduction method was adopted to prepare gold nanoparticle sols (three sizes) and one silver nanoparticle sol
as Raman surface enhancers, and their size, granularity, dispersity, and stability were determined by ultraviolet-visible spectroscopy (UV-Vis)
and transmission electron microscopy (TEM). Raman signal enhancement effect was analyzed by testing three f agonists: clorprenaline
hydrochloride, terbutaline sulfate, and bambuterol hydrochloride. The results demonstrated that gold and silver nanoparticle sols showed no
interference in the enhanced Raman signals from the surface-enhanced Raman scattering of the three £ agonists. The size of the gold
nanoparticles had an impact on sol absorptivity, which could be adjusted easily by adding sodium citrate, while the size of the silver
nanoparticles was not easy to control. The gold sol could remain stable for a long period, while precipitation could easily occur in the silver sol.
However, after binding with the target molecules, the silver nanoparticles could produce stronger resonance phenomena and exhibit a stronger
surface enhancement effect than the gold nanoparticles. Therefore, it was more effective on the Raman signal enhancement of target molecules.

Key words: surface-enhanced Raman spectroscopy; nanoparticle; sol; 4 agonist; signal

R B-E BRI E YR EEh IR
PR, BFESRIR AR RER . W T B, REATAARSE 1)L
. BT R E, AR TR A
ks HHA: 2015-04-13
Z£&U R : PERRAMEEMRR ‘T EELRIRESE A (20130C3) ;
“I"EEARNFEEFEE” B (2014GXNSFBA118059)
fE&EN: Bk, 5B, Ht, BlEEAIm, BulZh, mtESIm, fRs
[): BmAmRERREERE
BIVEE: BiES, &, LI, HRAEARRARECEERERE

52

HTFESI S WIRSEHAP PRI, FEd &
VVBERIESE S NI, 2 h A R .
HRMIGHER 2SR (SERS) #AIMLK, &4
NIE, R SEFIR & INEA AR RE . BHUE .
fiebrit, AETRIESE, Hlae . fthe)s (o
SR D, SRENY OnEEr), a4,
JERIE TR IRk , (B R R, 5T
il e ERMELF . REE LR IR 55— EL 2 SERS
RICHE. BRi ILE<E . HRUAIRSN, A STIRIGERIE



MR BRI

Modern Food Science and Technology

2016, Vol.32, No.1

APt Li, Na, Al, In, Ni, Pd, Ru % 264> 8 %8444 (ZnO,
CuO, TiO,) FIf-S4AHHkl (CdTe, CdS) 214, {H iy
T4 LA BR A R B e LA AT, BT AN

A SRR AE RN E IR R, #1147 =FA
[FRLAR R NI AR RIS IR S PR BRI AR, @
ISR AM- AT WSO K i i HBE (TEMD X H Rk
B PRRDN BIERRESEATRIE, AT EE
BRI TAR, BRERFR AT AR AN SR ERYE AT R D —Fh B 2
AEEhFIZR 2 ARG, REBEIFR T8, R
L BT BERS KT [A) CRATAS I &SR kL
TR NG S IGHE, TR — v BN (2 PR R
B VS U [T AR

1 LBR5RH

& (HAUCI, 4H,0, 99.9%), EZ54EHLAR
oAb AR A A AR B R =W
(NagCeHs0;7 2H,0,99.8%), [E 24 AL 2= 1L 52
HIRAF A, IR (AgNO3), E2Z58E kR
JEHABRAFEF=; EBERFENIA CiuH16CINO HCI,
99.9%, ; FRFREFATAR (CrH1NO3) 5 HySO4, 99.9%:
ERIRIIATHFE CigHogN3Os HCI, 99.9%, e [E e
i 2 RS E I AU R TR L

OPAL-3000 Bk 26k, ok T 400
mW, B&6R 785 nm, 43 4.5 cm™, ZE[H Metage
AwH i PGCT753e B TR, IABIRAT# A TR A F]
AEPE RIS R H Heidolph MR Hei-End 74
F], FOKFEH: 1400 rimin, FHRERE: $1%; UV-2450
AT W, BEA R A H7650 &S H
B, HALAR M HYCD-282 AR MRS, 7
By /R A F H Ao

2 SIWREE

2.1 YK I B A

S FrensCH g RN J50E I & VAR ERAFR
I 10 mg A& A, A= LS TG I,
SRERZ 100 mL AR, P TKERE 100
ml, HIEGKRE A 107 o/mL (RS B A FkR
(W NANINEE LY S T Ao i Rr 3 G DNE il Fe A AN §
FEHIMN AR — BN R R T S AR BRI AR 1)
BiiE RN BARERIEUTT

WL E S ERIE R E T =LK, 78
AL ke o N e S a0 W) I AR e Rt L
VTG S, PR BIMERFRBGR I 102 g/mL A7
FRENIAT 1 mL (A), 2mL (B), 3mL (C). #H1HL

(VAT AG BR A VS VA T R 1 I N 3803 s 1) S & RV TR
W I TE UG 4R SR R 78 2 RS, 4R
IHRERERUMIRAS 20 min, fRVATR 2440 th s
1Bk, FHERAHEERSEE A, B, C —MAFH
BRI KV, BT 4 CHIVKAE BB IRAE &,
SR E R 1,

[ e e

AR LR

E1 €RREIEREREE
Fig.1 Schematic diagram of the device used for synthesis of gold

nanoparticle sols
2.2 4 KARIE oy i

2% Fleischmann 55 N[ 757%, BARERIER:
HETFFRHL AGNO336 mg, Z3ESF7KEAZE 200 mL, Hf
B B 471 AgNOs T B T —FLER By, 7EmE 7 19%
P AW R A RS o IR0 4 mL
1T ERTR B, IRFFIIBARAS, dRa it
60 min, SAEAEIRER, R —FRAIERER .

23 ES-FLBAOLE  (Uv) RAE

IS S BYURBRE L 4 mL, B AL
Galrb, g AR UV-2450 S4h-1] WL e e
TR TR AN 8 M &R AR I R A AT
DU A B TR AT B 2 B &2 JR K
T IRMERIEAT 20 H7 o
24 FE4E T RM% (TEM) EEERAE

T T AR A KN R R 2
BRI b, FEASZE YIS MEHL AR
THE, SRJE M8 H 37 7] H7650 3#EAT35 5 L 1 St
FAE, MEHE 80KV, (551552 200000x . Xf4x
JRACRIRL IR RN FERFN 23 A LA T B
%, T HSIERG SRR 2 KA.

25 gt A

SYHICE 107 g/ml HERSUAAAK, SERTEAiRY
B R MK, B2 mL ARV ) S

53



MR BRI

Modern Food Science and Technology

2016, Vol.32, No.1

GBI EARTNRE 5], AT B CREREI . K
ZAt: WOETHE : 400 mW; i : 500~2000 cm™,
I E: 60s, “PATH 3 Ik, BEFAELIE.

3 GZR5L
31 =R PR S VE I B9 AR E 2 B

g5
311 AR E TS
A Ay By C =Fh&iais 4mL, BT A5
Eb A L A 34T SO REE, AS I ZE RN 2 Fiw .
— A

— &xiieB
E¥iC

&

1 1 1
500 1000 1500 2000

Raman shift / cm!
E2 €BRRMNERES
Fig.2 Background Raman signal of gold nanoparticle sols
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Fig.3 Raman signal scattered from terbutaline sulfate solution
enhanced by gold nanoparticle sols with different particle sizes
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Fig.4 Raman signal scattered from clorprenaline hydrochloride
solution enhanced by gold nanoparticle sols with different
particle sizes
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solution enhanced by gold nanoparticle sols with different
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solution mixed with different sols

50000 e
45000 LVARB
40000 | ___ji(jm)\mj:ix‘;u
35000 F
30000
25000 F
20000 -
15000 +
10000, . &
5000k . . ‘_.‘

Intensity / a.u.

Raman shift / em™
E 9 MATREIARNEIREARPHR AR ZE S
Fig.9 Comparison of the Raman signals of clorprenaline

hydrochloride solution mixed with different sols
33 4. RERESES (TEM) RAE

N T BRSNS R, NGRS T7 T
BEAT RN 3T, X Bl e B A FDRLAR ) gk
FIURLVA IR F BB ST AL, GO IIRR

55



Modern Food Science and Technology

2016, Vol.32, No.1

MK EEBHE

TR TEARFI A E L. 58T
‘e = ®

& e b4
° -
L ® o L >
- * P . 4 . - ° =
[ ] ‘ L J = . L e °
o °e. ! - ®

‘ L J | : . " SELIE

AR A A% B

B C
10 €A AL By CESRIESIE

Fig.10 TEM micrographs of gold nanoparticle sols A, B, and C
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Fig.12 UV-Vis spectra of gold nanoparticle sols A, B, and C
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Fig.13 UV-Vis spectrum of the silver nanoparticle sol
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