Vol. 26, Na 2, pp358 364
February, 2006

26 , 2
2006 2 Spectroscopy and Spectral Analysis
N \ NV
BRI, 7R
> , 100037
; SERS
: 0581 : A : 1006-0593(2006) 02-0358-07
1 SERS
(RS) 11
(SERS) > ,
CCD
LB s
ng  pg , SERS R
, SERS LF14] (FFRaman) SERS
1974  Fleischmann FT-Raman 1 064 Bm
( SERS) , SERS ,
, SERS s
, , SERS ,
s SERS >
, SERS
(RRS) SERS
s SERS , SERS
s SERS
1 2 SERS
: 2005-04-06, : 2005 0818
(20275024) (2982010)

*

, 1979 s



2 359
SERS s ; Ca ;
DNA RNA ; s
SERS s , SERS
L21 £E%K [1828]
SERS 21
s s SERS
SERS s s N
.22 2EkEK SERS
1979 Creighton 10~ 10" Kneipp (2939
, SERS SERS; Nie [ .
R 2002 , Ottol®! « 7
) SERS(SM-SERS), Bjerneld 133! SM-
SERS «“ ? SERS
> Tanaka 134 (DFT)
s SERS SERS Otto
1331 SERS SM-SERS
123 2ARREESH HHE AR L LK Fredericks 361
s 22
SERS s s
Woods '™ « ? . .
- Ty [16]
SERS s Ji SERS
FT IR ; Liu 117 AeTiO,
SERS
124 #HERK—AAOBK
Hope |7 _ _
AAO ( 1,
Cytec
’ SERS Franci 3 SERS
SERS rancio so
, ALO; ’
HA;
s SERS ’ ’
( Cinchonidine),
SERS
(81
0 02
B 02
) SERS
, SERS
23

Fig 1 SEM image of AAO template

2 SERS

, SERS R SERS

© 1994-2012 China Academic Journal Electronic Publislging House. All'rights resgrved.

231 A%F|

l

http://www.cnki.net



26

360
, , SERS ;
[ 44] ,
SERS , SERS
, SERS
SERS ,
, ( )
) .
DNA(RNA) s
Etchegoin [¥! " ",
SERS ) ,
SERS s atto mol( 107 '3)
SERS s 2 4
DNA , (1~
, 100 nm) SERS
s 122 SERS ,
Porter s
M irkin s
DNA, RNA ) ,
“ 7, SERS
s SERS IgG ( ,
) )
81 Gearheart [ /
, DNA  SERS
> > SERS
SERS Amri s
41 SERS (Adenine) RNA 10° ,
; L4 SERS
Zhang 4 ds-DNA /
: SERS s
, sBLM
, sBLM 25
(SPR)
ALOs > ’
s Lin
232 EFHR 143 SERS , CE-SERS
, SERS s ,
SERS
-DNA , SERS , SERS
,  Sequaris SERS Stokes 48
DNA , SERS ; Viets 74
SERS (81

SERS



361

2
Okamoto [4
M arenco  P” = 3 3 %
{d N o %§ N e -
SERS E § ¢3 §§§:ﬂ g
26 g = S
e . o fed st
5 S B 3 3R 2
NEfT o B2
131 2] SERS , 400 800 1200 1600
) Raman shift/cm™!
2004 F Rull D de Waal. D C Fig 3 Raman spectra of solid PHBA(a); PHBA solution( ) ;
Smith, R Withnall R A Goodall SERS of PHBA on sil ver- coated filter paper( ¢)
136
SERS ,
3 ) 5 ( 4 A ),
31 SERS ’ ?
SERS > s 435 nm
FT (5 B ). B
SERS , A 435nm
’ [53, 5]
SERS
PH BA SERS
(] PH BA SERS
PH BA 7¢°

0.25
5 0201 .
g. 0.15
£ 0.10 ~
E d

0.051 -

c

e -
-0.051 ~ J W _

1600 1400 1200 1000 800 600 400
Wave number/cm™!
Fig 2 SERS of PHBA with the environment temperature at 40

C(a), 70 CT(b), 90 C(c), boiling(d) and cooling to
room temperture( e)

Raman
(=1

[5]

(PHBA) (SERS) |
SERS - SERS
PHBA SERS , PHBA
SERS ( 3) ,

PH BA

Absorbance/a.u.

400 500 600 700
Wavelength/nm

Fig 4 UWV-visible optical absorption spectra of Ag
s0l1(10 min( @) /20 min( b) /30 min( ¢) )

Absorbance/a.u.

— N
400 500 600 700 800
Wavelength/nm
Fig 5 UWvisible optical absorption spectra of Ag sol (5 min

(a)/ + 0 01 mol* L™ pyridine(b)/+ 2 0 mM chlori-

ons(¢))

32 SERS
SERS



362 26

SERS Ceo s Ceo 6% 107, ( 6 )
[55] ) R Cgo/ C70
, Co/ Cro s
; s , Ceo/ C )
Au SERS'™ | Cgo  Cro , ( 7yt
, 8x 10*
x0.02

3 3
B 2z
‘E =] b x
5 8
5 §
A W
x a ” x x | A a " _/
1600 1200 800 400 1600 1200 800 400
Raman shift/ecm™ Raman shift/cm™!

Fig 6 ( Left is for G5 and right for G,) (a) Raman of G/ Go+ pyridine solution; (») SERSof G/ C;0+ pyridine+ Au colloid of
treble volume( Peaks with“ ¥’ remarks are attributed to pyridine); (¢) Raman spectrum of solid Cg¢/ G for recognition ref-

erence
= " 2 33 SERS
& 2 § 2 g : E
__l 2 l § §E a —_ b —~ k4 CH 4 N

4 N SERS

g

ES _JL._L_M b x An ( 3

§ ’

5 =

E

2
‘ ) £ 22
d 1] -
—— -y 5 =
400 800 1200 1600 5 ] 2
Raman shift/cm™! l b A
Fig 7 FFRaman spectra of (a) Cs solid; ( 5) mixture of Cg
solution and colloidal gold; (c¢) Cgy and colloidal dold a Al
on filter paper ( Pyridine as solvent) ; (d) pyridine on .
200 1200 1400 1600 1800

filter paper deposited with colloidal gold Raman shift/cm-!

Fig 8 Raman spectrum (@) and SERS (b) of SWCNTs



2 363
[ 1] Corni S, TomasiJ, et al. Chemical Physics Letters, 2001, 342: 135.
[ 2] Lopez Tocon I, Centeno S P. J. Molecular Structure, 2001, 565-566: 369.
[ 3] Lee Seung Joon, Kim Kwan. Chemical Physics Letters, 2003, 378: 122.
[ 4] HU Bing, XU Wet qging, et al( s , ). Science Acta of Jilin U niversity( ), 2001, (2): 1.
[ 5] Wu Di, Fang Y. Journal of Colloid and Interface Science, 2003, 265: 234.
[ 6] Ayars E J, Hallen H D. Applied Physics Letters, 2000, 76(26): 3911.
[ 7] Gadenne Patrice, Quelin Xavier. Physica B, 2000, 279: 52
[ 8] TIAN Zhong-qun( ). Proceeding of the 12" Conference on Light Scattering( ). 2003.
[ 91 LI Yuan, SUN Jian, et al( s , ). Sensitization Science and Photochem istry( ), 2002, 20(1): 27.
[10] Sarkar Uttam K. Chemical Physics Letters, 2003, 374: 341.
[11] Xu L#li, Fang Yan. Spectroscopy, 2003, 18(11): 26.
[12] SIZhermin, WU Rong-guo, ZHANG Peng xiang( s s ). Spectroscopy and Spectral Analysis( ),

2001, 21(3): 343.
[13] Otto A, Bruckbauer A. Journal of M olecular Structure, 2003, 66+662: 501.
[14] ZHU Zhi+liang, GAO Jun-ying, et al( s , ). Spectrum Laboratory( ), 2003, 20(2): 159.
[15] Woods R, Hope G A, et al. Minerals Engineering, 2000, 13(4): 345.
[16] JiShengfu, et al. Applied Surface Science, 1998, 133(4): 231.
[17] Liu Yun, Liu Chun-yan, et al. Spectrochimica Acta Part A, 2001, 57: 35.
[ 18] Pattabi Manjunatha, Rao Mohan K, et al. Thin Solid Films, 1999, 338: 40.
[19] Iliescu T, Cinta S, et al. Talanta, 2000, 53: 121.
[20] Bolboaca M, Iliescu T, et al. Chemical Physics, 2004, 298: 87.
[21] M unizMiranda M, Neto N, et al. J. Mol. Structure, 2003, 65+653: 85.
[22] Cao Peigen, Gu Renao, et al. Surface Science, 2003, 531: 217.
[23] He Jinbo, et al. Vibrational Spectroscopy, 2003, 31: 265.
[24] Lefrant S, Buisson J P, et al. Synthetic M etals, 2003, 139: 783.
[25] Hope G A, Woods R, et al. Col. Sur. A: Physicochem. Engi. Aspects, 2001, 178: 157.
[26] Pergolese Barbara, et al. Journal of Molecular Structure, 2003, 65 653: 349.
[27] Brolo A G, Jiang Z, et al. Journal of Electroanalytical C hemistry, 2003, 547: 163.
[28] Zhang Shulin. Proceedings of " International Conferecne on Raman Spectroscopy (ICORS ), 2000.
[29] Kneipp K, Wang Y, Kneipp H, et al. Phys. Rev. Lett., 1996, 76: 2444.
[30] Kneipp K, Kneipp H, Itzkanl, et al. J. Phys. Condens. Mat., 2002, 14: R597.
[31] Nie Shuming, Emory Steven. Science, 1997, 275: 1102.
[32] Otto Andreas. Proceedings of b Tnternational Conferecne on Raman Spectroscopy (ICORS ), 2002. 63.
[33] Bjerneld E J, et al. Proceedings of h Tnternational Conferecne on Raman Spectroscopy (ICORS , 2002) 269.
[34] Tanaka Takeyuki, et al. Journal of M olecular Structure, 2003, 66+662: 437.
[35] Otto A, Bruckbauerl A, Chen Y X. Journal of Molecular Structure, 2993, 66+662: 501.
[36] Fredericks Peter M, Frost Ray L, Rintoul Liewellyt. Proceedings of th International Conferecne on Raman Spectroscopy(ICORS
), 2004.
[37] Hope G A, etal. Colloids and Surfaces A: Physicochem. Eng. Aspects, 2003, 232: 129.
[38] Francioso O, SanchezCortes S, et al. J. Molecular Structure, 2001, 565 566: 481.
[39] Etchegoin P, Maher R C, et al. Chemical Physics Letters, 2003, 375: 84.
[40] Gearheart L A, Ploeh H J, et al. J. Phys. Chem. B, 2001, 105: 12609.
[41] AmriChahrazade El, Baron Marie-He’ lene, Spectrochimica Acta Part A, 2003, 59.
[42] SHEN Hebai, ZHOU Wen-jun, et al( s , ). Acta Phys. Chim. Sin. ( ), 2002, 18(6): 490.
[43] Zhang Rong-ying, et al. J. Phys. Chem. B, 2002, 106: 11233.
[44] ZHENG Jurwei, LI Xiae-wei, XU Hae yuan, et al( s s , ). Spectroscopy and Apectral Analy sis(
), 2003, 23(2): 294.

[45] Lin H, NatanM ], et al. J. Anal. Chem., 2000, 72: 5348.
[46] Stokes David L, Ve Dinh Tuan. Sensors and Actuators B, 2000, 69: 28.
[47] Viets C, Hill W. Journal of M olecular Structure, 2001, 563-564: 163.

[48]

Viets C, Hill W.. Journal of M olecular Structure, 2001, .565-566: 515.



364 26

[49] Okamoto T akayuki, Yamaguchi Ichirou, et al. Optics Letters, 2000, 25(6): 15.
[50] M arenco Claudia, et al. J. Raman Spectrosc., 2001; 32 183.

[51] GUO Ping, YUAN Yali, XIONG Ping( s X ). Spectroscopy and Spectral Analysis( ), 2004, 24
(10): 1210.
[52] LI Wer xiu, XU Ke-xin, WANG Yan, et al( R R , ). Spectroscopy and Spectral Analysis( ).

2004, 24(10): 1202.
[53] Fang Y. Journal of Chemical Physics, 1998, 108(10): 8.
[54] Fang Y, et al. Chem. Phys. Lett., 2000, 330: 262.
[55] Fang Y, et al. Chemical Physics Letters, 2003, 381: 255.
[56] Cheng Y, Fang Y. J. Phys. Chem. B, 2003, 107(37): 10100.
[57] Luo Zhixun, Fang Yan. Journal of Colloid and Interface Science, 2005, 283: 459.

Progress in Application of Surface Enhanced Raman Scattering Spectrum
Technique

LUO Zhixun, FANG Yan'
Beijing Key Lab for Nanophotonics and Nanostructure, Department of Physics, Capital Normal U niversity, Beijing 100037,
China

Abstract Surface-enhanced Raman scattering spectrum is a very effective tool for detecting the interface character and int eraction
of molecules and expounding molecular configuration and adsorption behavior on the surface. It is becoming one of the best tech
niques to study interface effect, widely used in studying orientation and behavior of adsorption molecules on the surface and the
feature of interface, as well as analysis of interphase tropism, configuration and conformation of biologic molecules. SERS tech
nique is becoming a strong hand in surface science and elect rochemistry, and widely used in trace analysis and even single mole-
cule detecting (SM-SERS) , medical chemistry, environmental sciences, biologic and medical systems, nane-materials and ser-
sors. There is even conjunction application of SERS with other techniques. T he present paper emphasized to summarize the
headway of application research of SERS in the late years, along with the introduction of some work in our lab, especially, as a

new field, on Fullerenes thin film and carbon nano-tube materials.
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