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1.1  SERS [A¥RFNIZEN

A SCHRIRTE 7 SR AT 4K B AR LRI T A
LRI S HE IS (F D Bl R
A5 B 8] 5] By AN 22 B0 2B AN S5 o B dln AT 90 R IR
SERS [NHRELHE T A BaEAEHE S P A, 2
UEE B /RiX Fl SERS 15 5 (MUK B2 i T s 7 7
TERURLR T 9 5O =26 10 R K e i it
MR IG5 3 3k B B s b 2 5, AR

Heal E FAIEC (B 2). MERESHERS T
Z2MYE RES1E 557-663 nm E@ﬁﬁiﬂ@ﬁﬁl —
FTIRENE =G

N EERRFEZ SERS it

T XA BG5S R6G IPETT /& SERS
BEGRSHES . 7E SERS NARHI“Of I B, HEE
1R/D, X5 SERS {55 M1 545 5 /& M E A 514,
i HAZ RN 5N ). Michaels 25 % Bl SERS 8 & I
T 505 5 BN A Bl s P AR S 2100, KB RO BR St
RIAE 0.1 mW BOGEUK T, SERS AR On-time
KL 80 mso 75— MHBMIKIIE SERS Hilki#%
IR, #i/E SERS 552 RIRBCLAMA RIS Z
XFIL R B 56 1 Nie M1 Emory #RiEMY . AT & I h:
S5 S IRAR T LA 10 e (REAE

B 1 B GORBURL I AN E SO IO E) 2 B . R L B RERE 100 ms 38 3%—K;

55 9 B R R

SERS R . S B 1 18] B e 27 S B BEAT 100X BE(N.A. 1.3), CCD R HLAN i B BCR 4R AR AT Al
BORWAKSE 514.5 nm, L3 10 mW®
Fig.1 Time-lapsed video images of intermittent light emission recorded from a single silver nanoparticle. The images are ordered
from left-to-right with an elapsed time of 100 ms between images. The signal intensities are indicated by false colors.
SERS video microscopy was accomplished using an inverted optical microscope, coupled with a 100x oil-immersion objective
(N.A.1.3), a video-rate intensified CCD camera, and a high-speed frame grabber. Continuous-wave laser excitation at

514.5 nm was provided by an Ar" laser with a total excitation intensity (wide-field) of 10 mW (130 W-cm

—24([8
)[]
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B 2 BRI GEST B 18] 2 BB 72 2 (2)514.5 nm UK 61 R6G SERS Y6tk B (b)fdiF 0.1 mW oGHRE, [P 200

AN (I 1] 2 % SERS {55

TRAOR 5y A3 HEE 6 B X 1647 1566 F1 1502 cm ™" F F404711

Fig.2 Time-resolved studies of light emission from single Ag nanostructures: (a) SERS spectrum of R6G obtained with 514.5 nm
excitation, and (b) time-resolved SERS signals recorded with 0.1 mW laser power at 200 data points s '. A narrow bandpass filter was
used to select the Raman lines at 1647, 1566, and 1502 cm™" respectively for measurement (shaded area)!'!)
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0 min

-

25 min

(b)S,0,* =

0 min

25 min

3 Al FBURLLE A 2 AT 1 2R T 55 T IR U S5 2R s ()10 mmol L 5L A F2 T I (350K U s ()10 mmol L
B AR 12 6 Ak FE T J5 1) R B P
Fig.3 Surface plasmon resonance scattering images of single immobilizednanoparticles: (a) particle scattering images before and
after treatment with 10 mmol-L ' bromide; (b) particle scattering images before and

after treatment with 10 mmol-L ! thiosulfate!
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Z IRV BB SERS MR AR, AP Dimer 2
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A ERZOHTIAIEE, RS2
WEOHT, A AGEE TR T O R AE B, Rl
BTN SERS $REHE 7 A N R 2R AtiAR S, IF
RN T S0 AT L

(a) (b)

Raman reporter
o)

()
1. Sodium silicate

42h

-—
2. Preparation of
silicate by Ethanol

1455 SERS $REHAE MR T AR E k. (HAZ2—A
B s A I R TR L B P UL 7 ) A R
AL, AR AR T ER S5
T SRR B O FUR I TR R T

Bl 4 W-TeE M AR BURL R i R ) 46 S RE R 1Y) SERS Y MR : (2)55-65 nm IIGKIRL; ()R IR iz 2 20 T 44
KA (o) WPH T 412 5 T RIS AP IB R AUK S 0K (d) =SB REALE ) SERS FREHT
Fig.4 Schematic illustration of the core-shell nanoparticle structure and the procedure for preparing silica-coated SERS-active gold
colloids: (a) colloidal gold particles in the size range of 55—65 nm; (b) gold particles with an adsorbed Raman reporter;
(c) gold particles with both the reporter and mercaptopropyltrimethoxysilane (a common coupling agent); and (d) silica-coated gold
particles with a Raman spectroscopic reporter embedded at the core-shell boundary™”
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5 PEG-SH L%/ SERS 4B FIRIE: (a)SERS #REMEEREE: Au 9Kk (£), Au-MGITC E44) (4,
Au-MGITC-PEG-SH #£% (£7); (b) UV-Vis WU Ei; (c)TEM [&; (d) SERS ¥4 (¥ DLS K/h /A &Y
Fig.5 Design and characterization of PEG-SH coated SERS nanotags: (a) schematic illustration of tag assembly: Au nanoparticles
(left), Au-MGITC complex (middle), Au-MGITC-PEG-SH tag (right); (b) UV-Vis absorption spectra; (c) TEM images,
and (d) DLS size distributions of each assembly statel*"
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Fig.6 SERS Spectra and correlated surface plasmon imaging of single cancer cells: (a) reflective mode dark-field images of live
Tu686 cells (EGFR positive) and H520 cells (EGFR negative), and (b) SERS spectra obtained from single cells as indicated by ar-
rows. The Raman reporter dye is diethylthiatricarbocyanine (DTTC)™"
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Fig.7

In vivo cancer targeting and surface-enhanced Raman detection by using ScFv-antibody conjugated gold nanoparticles that

recognize the tumor biomarker EGFR: (a) photographs showing a laser beam focusing to the tumor site or to the anatomical location

of liver and (b) SERS spectra obtained from the tumor and the liver locations by using targeted and nontargeted nanoparticles
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Review on the mechanism of surface ehanced Raman spectroscope (SERS) and
its biomedical application

WANG Dongfang'” SONG Shiping'
Y(Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Jiading Campus,
Shanghai 201800, China)
(University of Chinese Academy of Sciences, Beijing 100049, China)

ABSTRACT  The fundamental mechanism of SERS (Surface ehanced Raman spectroscope), such as
electromagnetic and chemical effect, as well as the synthesis of SERS tags with high enhancement, which will be
applied in single molecule detection and single cell imaging, were discussed. For applications, SERS nanoparticle tags
have been developed based on the use of embedded reporter molecules and a silica or polymer encapsulation layer.
The SERS nanoparticle tags are capable of providing detailed spectroscopic information. These properties have raised
new opportunities for multiplexed molecular diagnosis and in vivo Raman spectroscopy and imaging.

KEYWORDS Review, Surface ehanced Raman spectroscope(SERS), Biomedical application, SERS imaging,
Surface plasmon resonance
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