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Abstract

In this study, we propose a simple wet chemical method to modified silver
nanoparticles (AgNPs) on the pre-synthesis graphene oxide (GO), formation of the
silver nanoparticles/graphene oxide composite (AgNPs/GO). This composite not only
can be used as Surface-enhanced Raman spectroscopy active substrates, applied in
DNA biosensor of highly sensitivity and selective. On other hand, can also conduct
plasmon-driven reaction on the substrate surface, so that the molecule have a specific
functional group can bind each other via a dimerization.

The first part, use of AgNPs/GO as SERS substrates and modified the target
DNA on the AgNPs with 4-MBA serves as Raman probe, use of self-assembly system
of DNA hybridization to detect DNA. The complementary DNA will hybridized each
other, AgNPs with DNA modified can self-assembled on the AgNPs/GO. Increased
hot spots site with the formation of AgNPs couple on the substrate surface, can
effectively enhance the Raman signal and increased the sensitivity of DNA detection.
We also discussed the size of AgNPs to impact the effect of SERS enhance. Proved
the greater size AgNPs able to produce significant increases Raman effect, the limit of
DNA detection can reach 1 pM with this method. In addition, use of different label
molecule is possible to detect multiplex DNA on the same substrate.

The second part, we use plasmon-driven chemical reaction catalyzed
4-nitrothiophenol (4-NTP) transformed into p, p -dimercaptoazobenzene (DMAB) on
the AgNPs/GO. The AgNPs/GO as SERS active substrates not only able to effectively
catalyze the conversion of molecules, and can sensitively detect change in the
structure of modified molecules. It is found that maximum surface Plasmon
absorption of DMAB functionalized AgNPs/GO is red-shifted compared with that of

AgNPs/GO. The formation of DMAB on AgNPs/GO results in the decrease in



distance between adjacent AgNPs on GO surface and the increase in dielectric
constant of the medium near the AgNP surface. These effects lead to the red shift of
the maximum surface plasmon absorption of DMAB functionalized AgNPs/GO and
enhance the local electromagnetic field near AgNPs. Since the aforementioned
experiments result, it means DMAB functionalized AgNPs/GO has a more favorable
SERS activity. This work successfully proves the that when DMAB functionalized
AgNPs/GO serves as the SERS substrate, it can increase the detection sensitivity of
R6G molecules by 3 orders of magnitude compared with as-synthesized AgNPs/GO.

The third part, we use the plasmon-driven chemical reaction mechanism make
the dimerization reaction of the molecule of functional group NH;, occurs on the
AgNPs/GO surface, according to the changes of the Raman signal achieves the
purpose of molecular detection. The dimerization reaction SERS substrate after
washed, can still be observed the unique Raman signal of 3-aminopyridine (3-AP)
molecule and DMAB to proved N=N double bond is formed, 3-AP molecule have
been binded on the AgNPs/GO surface. After treatment with sodium borohydride, can
effectively reduced the N=N double bond, that the SERS substrate recovered to the
initial state can be used as the detection platforms of the molecule of functional group
NH, again. In addition, through the control experiment that use the molecule of
functional groups NO; also proved that the dimerization reaction must be composed
of two identical functional groups (NH, or NO,) can be conduct.

This thesis is to study the AgNPs/GO as SERS active substrate conduct a series
of experiments to proved AgNPs/GO has good SERS activity, while able to detect
different analytes depend on the substrate of different modification, and has a high

sensitivity and selectivity shows a potential in the application of sensor.
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plasmon-driven chemical reactions, surface enhanced Raman scattering,

electromagnetic field enhancement
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scattering ) ; (2) A 5 eZE3B LTS > H AT AT S vo - v BT~ BFE vo 0 A
5 ¥ 3= s 47t (Stokes Scattering ) 5 (3) % #4f & chzb 3B 478t > H 4T HF T vo +
vm B 3~ Bk vo o fLE £ g 3 Sd7ét (Anti-Stokes Scattering) o 3§ $git £ - &
PEEMACH S T LR R AR R RS A R R AT A S B A

AL F ey o dNEBHF IR 21930 EETHLF DL

A A
Virtual State
..... A Y G T
~
%D hvy| |hvothyvy,
| hvy |hy hvy |hvy=hv,,
84
. 4 E,thv,,
. 4 4 E,
Rayleigh Stokes Anti-Stokes
Scattering Scattering Scattering
(elastic) \ N
Raman
(inelastic)

W 1-2 £ 8 578G o BB PR R I LR o LR o

F & &3 (Raman Spectroscopy ) et jiF£r iz ¢k ek gk 2% ( Infrared
Spectroscopy) AR5 4% > ¥ £ F 7 5 B blAcfR S WA FE >3 F &G
S BB R TEES R YR EREE R R R
Fe Rk FL B R ARG OPREAAHER > X AL L PR
FE IR AU F B i 5y (TS A h R TR AT B S i
SLenB AIMIE > 1930 T 1934 & B > d H o Rk B a2 8 R _George
Placzek =t % » s L2 * A M ELFRZ AR LR > T & * FHRP > RiEr &
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KRB ZEHR RAH PR EFHI R I FH AR R R o X IR R )
FE(2781-1) 5 FRP LTRG24 P b FTs 2 fesd 0 B RAP
FERENMELER T O FEF XD FRS AL RRY LU F I &L
TFIEL o 2 PR KR KT RH P TS BRE LAV AT Y HIR B
KR KT R R O R L S LT L RIS L R E T
PR R Y X TR P UF] o8 11960 £ R EFFH I H I T EFEP
FEPE EFFRADEFE LR A R L RFR LI ER A LZFLALFE
e &1 L o 51080 & 2 15 0 F ik B (notch filter) ~ & = 3 4 3 5k 2§
&M T j48 & ~ it (Charge-couple Device) Bz 22 ¢ #5018 B Hojbes 5 > & %

AR A é_i;}%%%:}%)‘zi (- AR SR g7 :

Ix = Io0;Dd, (1-1)

IR 8% % &

lo = 7 53 &

D i H gl ff cha 5 gtk &
d, = 3 53 i $ & PR

oj » FTHE &

1-3-2 £4=# % (Resonance Raman)
£+ % (Resonance Raman) k¢ f4rdt> & K- f > @ % crr bk

T RATERIF A S R ST IS S - R (AR T L

4y
‘g;
|

KNG FF A > F N REFAT oAk T FEFFL L FR A0
ko ¥%% ¢ @ (chromophore) > 7Ryrd BB 1 & £52 4 MR 3+ EH o

gk A G 0 R BERN G R TR T chi s 4



FlaF i B R N R Avo ST R KET Lk bR
R
HE o ARSE U ARG R B T )e TPt 0 8 C renf § ki Ep B

EF BRI RT 2o Sn R M (RE DR+ FER K DR

i

G R TR SRR S S SRRV ES ST
PRI R VA Ay Jé?g'-'g?tﬁ‘;fg;@of;ujﬁrv}é ’F."Fi';tg*ﬁ T+ g BRI
B i et MRS R ¢ de kB REBES B it B (AV) > BIL

Bg AL E AR P {odE S o

7 AT RE B ANE R e - BIREREN D § Mg K
doip A TR PR KR G RHERRMN 2 Pt MG Ok F R G
WAE S R B o5 0 e R 3 B R4k i 5 (Polarizability ) % i gdr#s H50 o
TE IR frd§ R FRsRG A Y PR e o AR kY o Ak T ERAS S
PR BT 3 A BRRE R M S A R B F R A o SER
GEprEiR > TR L o ARG HAY s G ¢ 0 BRI A d
,ﬁg;a e & o @ R LR T%j,fé"d—;ﬁi;c’ SF o F s AP ,ﬂtyﬁu_g\—* e
TR o d IR EEARE AP a SRR G 8 E kA IR 3%
Moot d SHHFEA G P 0 IR rda § CERR A I A o HN G JHALY ek
F o EFBREENT EIRER R EE A FFRE N A F A e 7
W B Aogtd ¥ A R o

hEIRPE RHY AR T EHOLE R T ol F A LT S
- R oo § T SO AN BT Bl (24k) B\ FTTTREE
FRNBEFRF AR AR R S ¥V ABACE T H o R § e -

Plde > 82 ot R R R R A8 AN SRR 0 A B U R R PIR e

B
(g
w5
&

B Eseniz= g o HOTR B B A s NG o G4
& 44 enq je 45 (charge-transfer) BB ¥ 3% £ - fie RNt GEHSE >
2 - B Hhehf Ay MRS o Flt s blden Fd h2 S A G o BEF

AT CHT RS T IEE B REEE T e ek - BAR
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(tetrapyrrole-iron group) 3 Bf crde @ fo%*d #558 o d gt s B G 2 F F g iRE

\

Bt ene F o R dRP g BT R AP R RARERC dRE G B LTk
F A R T R FRE - B A Srehded otk gt 2 vt ek e TR
- B Mok v PR RES DR E IR 2 R d BRT L E B

o Kf VAR ER o BRP L CEF AR B FRT BT R e ¢ Mg

oy

(?-t}

YR ki Biand § kA 0 BRI E A S B FH oL B (3
)% 5 10°) e ip @ T A NP g K H kR T LT 10°Me gt vh s 4o
WAEHR I R IRP G R ¥ R A IR g B > B T T S
o R R & KL R AEEH 40 FOLA A g od R4~ ST Sa B R
B Ad KRt d BFERAT LWEE Y CHRT S 2 £ LT sk
B pEENEL I RPIRS R RIREE R pAT P R R S

PRSI o R

1-4 4% % ﬁﬁ—t = (Surface Plasmon Resonance )

a
“k
B
=3
S
':3:
-
B
3
[

PRBAULBEERAEIF AR DT F 2 LIRS

R A e K+ A6 A2 45 T3 (Surface Plasmon ) Yo TR R E
BT, EBE AT LG RRERFRRAE Ap PF > §F1 R0 G TR EIRRY A
FARE S ek Sored AR T 20nm 0 g F KRG hi G R ;]ﬁ—’r—ﬁ%&&ﬂifé}jﬂ
£ 520 nm =4 o FMtEBRA R T e kA RIS o - % A 1857
# 7 Faraday f2 98 % ¥ 41908 # ¢ Mieq]* 5 5L =& =+ 42 ;% Maxwell’s equation )
ERHEEA B e o f 13 B FEEE SRS ¥ R-T Lk

(UV-vis) sfcsksd » Bin 2 kB 3 hs ] 5 B o



wavelength A/ nm
350 400 450 500 550 600 650 700 750 800

rrrorrrr.rrroprrrrrr |+ o T et

1.0

0.8

06 ™

0.4

absorbance

0.2

W13 2k 2~ (9~99nm) 4 2 43 HUV-vis &gk o

HE-HVEPE AT AT BRRBELE L RHE BT R

n=ae,E (1-2)

E—&m

b

e R

Y sa=¢gV({1+ K)( )a Clausius-Mossotti 481& &t & » gy &

Et+KEM
oV izt iolfre=¢6tigi ERAMEEBRI M DI T Vo, 5
TR RS T4 T FE R BT ARG BB R TS T AR A R
FazKrk=2d 234 12 Fars Fet ke, =00F 2T e § B 2 aniB Rk
P E R AR S PRETTA R AT L ARG TRERAL S

2
FA ’ = 2 - 4 M £ . _ w
e spmax = — KEmPFod Drude pd & F#ADF B & B A R Sodike, = g — wlz)o

Ne?

B wp= [T & BEMAT RS N S ABY PR R oM 2T
oMe
Beodp o "HRHEE- £hA A0S PR e TREFRFES
_ wp _
Erlspmax = €0 — 7 ; = K&y (1'3)



7% g

wp Ne?
w = = 1-4
SP  EcotKEM \’ goMe(EcotKEm) ( )

bo

e(EcotKER)
Asp = 2mcC ’—S"m ;ez Ke (1-5)

d 2N 15T £ ARSI NL G TR EFRAK dep'f 0 BT DB
FlF o M2t AR H R RO A R Boem oot - BIED W R AL
AR o 2 NG A S 2 KRR A g B A g R
F ooy FRA SRR P I OTRRIS S g £ RS Y
F R i RN Beem e R o R hep A2 - BiRA 2 e RS R TS A
fvoo BP0 wod Hefo kg it gl A i AT

Ashutosh Chilkoti® % F1* 4% 4% =4 F % F-v  (Biotin-Streptavidin)
MLE ARG RIAR L SR R WRID 2 o Ao 14 47 0 s iER-A 2 K
Bl g A APTMS 2 F ety A 4m + > L %4 2 K kR~ £ 5 B4 MPS

A A E AT NS5 E-COOH fo-NH, F it fhenid a3 47 &

=l

.i

FG oo AR I PR R B F A LG ER R F AR R B R B

ERUE W “’*»T}ngﬁtrglip_——%\ Folr PR &2 ﬁ:ﬁi;ﬁﬂﬁ?#ﬁ'{fr%v};{(
Brc® o £ fekig A KRR R U R L F R i o R R R AT

-3V ERIER G lpgml ddaZ it H % v A F o



(a) Fabrication protocol

Aug,, - MPA Biotin functionalized
Algy - MPA

Glass Silane
SAM

o
H
(1) (CHiCHO)S~~NH, (2) us/\J\on 3) Hw%gmo%own\{w‘géﬂ‘
o

(b) Detection Protocol
After protein binding

re protein binding

Absorbance
(-3
3

Light

|

0.00
S —
300 400 500 600 700 800 900

Wavelength (nm)

Biomolecular binding event
on sensor chip detected by

absorbance change
c
(c) a (d) .
0.015- b ./
@ c-e
(5]
s
S0.010- 1
= f
s
1]
&
<0.005
<]
g-i
0.000 e
! 1 10 oo

o 10 20 30 01 1
Time (min) Streptavidin (ug/ml)

BRI BE R g LB e (D) F17% e 3 e i g R
g

B 1-4 ()ia% # # % dv
C S R A

(O ER T MRS F R T A
ibo(d)7 kR T AR FL

Fv Fa e
FAF R
A I

550 nm i £ Eufsk BodT B R P R s

» 18R] 30 & G fs ek T BT o

K/%jl’LL ]"$E£—, ‘}‘]"“—J-mz\m ﬁ"jﬁ #&)ﬁ-l-mﬁ.ﬁ&‘}%‘ ?ll’# j{i‘?ﬁﬁ'gg

% sk (Photoluminescence » PL) - Yeechi Chen®®

LGOI A 5 AR S B
C#-CdSe £ 3 MR G- 5 T E4RR S e i 550 nm s f T o R
AR ey k% CdSe & F ghehy kg R Y o IR CdSe # F B A%
Pl E ) 5 550 nm s KB EFT > B F kG bt 05 R S5 0 Bk 4ol 15
THE T A

SR FRRE A A ERB AL { F ko



420 450 490 530 550

1 P~ —— near NP -

normalized fluorescence intensity [a.u.]

—&— QD only
o L1 | I I I
400 450 500 550 600

excitation wavelength [nm)
MLS&&—%ﬁ?%#%&%&kéSmnm%ﬁﬁﬁﬁiﬁcweﬁiﬁ’
Her e Epd R oy L a (R pHEpEF B REF(ES )
R 5k £ £ T o LB o

1-5 % & 3 % £ % 574 (Surface Enhanced Raman

Scattering )

51973 & > FE 4 % ¥ 3¢~ & Fleischmann™ % 4 & ¢k it 0527 45 2
o e er_(pyridine ) o LR Fletegsnd & ML AR R R M % o p M B AL
7% o 352 42§ 478+ (Surface Enhanced Raman Scattering » SERS ) %= 3 fF 4% o
1977 & > A BEBABALT > gy Tk R T £ 2% A ERYTRRT 6
BaUBLA s % o @ i E 5% 122 1299 SERS I % - Jeanmaire 4= Van Duyne' &
FrP gEEOF RS ekt T HRA G P B g - AR R
G 10°~10° &2 » # i 12 T s (electromagnetic effect) 441 &z iz
3% - Albrecht 4= Creighton®® # 1 - 8 % /7 ## (charge-transfer) »c/is » f
BB R IR A FERP AL BT B K BHEA G 1T & AT
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o3 3 4 o Hmhig B RS % % o0 Rufus Ritchie { 388 & ? = (surface plasmon )
5773 B o
o R A A R PRI BLHORRE P NG S LR
i o Bt Bl 7 o ALK BRSO R ke RS
(surface plasmon) #r# & ; @ *ERBAMFE N T FEBSE L DR rHR o
CE I WA N T A o )R T BRI LT R A R T R T

AL DI 0 A RRERVE Y RS A TS AL G iR o

1-5-1 § el (electromagnetic effect)

pm itk - RRARMA AR E DL AT § R
FhFhiow 7 fffe—? A - BEAENERS T L LR T %{ff-ﬁ#}é(surface Plasmon
resonance » SPR) > @ e g R i d T+ A4 - BELIEC MG > 7 L2

23 A e - Bk hINT H (local field) » 48 1-6 -

Electric field

Electron cloud

a<< A



BB AT FR DRI AL 5k -

Bk - &M A K shenE £ 2r o] 3t sk it £ ) (Rayleigh limit) »
¥ e=c +ie ¥ BN TR ¥ icsey o EHIRME D oo+ g2 T5
TH 5B 5Ey=Eg+Eg o Eo 5 » 54 T8 (laser field) Ep 5 £ Hif

TR R PT B BB RN 3 A F 0 (H1-7) o

Molecule

Ey = Ey + Egp

E : field of a point dipole
i the center of the
sphere

E—&n 1
£+ 2¢e, 0 (r+d)3

3

< 0.05 Esp =

e

W 1-7 5 SERS Qe i bl 2 7 AW ¢

R S 5 )5 A() B EyfrE st B0 £ 7 %

Em(V) E—&m r\3
A()_E(v) m(m) (1-6)
BRAT ok e PREINAR ) AT L% Fe = 2¢, (e+kg, =0) gt
T € G Bk e T3 A(v) 0 1t A r F 3 (laser field) 24 & T :ff: (surface
plasmon) & & o

ez WHEI PR AR Ao KB A - A F KD A F Pk SRR

P M EE TR TN 1]y
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I5ERS = N'ogas|A(VL) 12 1A () 1P1(v,) (1-7)

Ho[SERS % SERS 28t & » N5 A F 8P > ohye & SERS # 5 » A(vy) 3 s %
T HH s FF 0 A(vs) B AT R T B 5 FF 0 I(vy) B s kA e

#1682 5N 1-7 B2 > SERSHELR R T T E &

e(Vs)—em
e(vg)+2em,

e(Wp)—&m 2
e(vp)+2em,

2 12
ISERS o |A(v,)[2|A(vs)|? ~ (=) (1-8)

1%

Rl b g o382 dn A4 B kg e FBs52
A AL e THREF @A pFFH B FFL LR

BB oo enP gy ks e B4 ?ﬁlﬁf—ﬁi}&’i@‘ (ER FE R
AAPE BRI c TREY A FTEARAFE K AT A L Ed D
FTFIR o SERSIUELE A € EFIEM R A L R0 0 R B R SR

i - 3 K Lo

1-5-2 i+ &3z g (chemical effect)

d TR R PR A L o MR T PR A T Pk A
R HRER AP PRRIRET 0 F LA g MR o b RS T
BT g Hie AR e R TN ER A TR A R W R T AN AR
T LB o

CEs R R EA T AR AR R I BB EY 244K

s;

AR M - RBAAFEEREARFLFAL PSR EG § AL AT U
BER DR FREFAEF ERP L AHE R B Ao R L MR %
¥ oob— 8 T 4 (charge-transfer) »cji » 4o @) 1-8 777 » & kg 4 F F ih
RIF ST I LR A T F G EB IR GL F R i R (LUMO)
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FEFLETFITIALE O

R E
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B WAE b eReht k> R NG P ERETR AT 4

Ad PR AL RS BT RN S 100 3

1000 & -
A E,.
LUMO A
(c)
}'}
eh
D (a)
=l E
(b)
HOMO|
Metal Adsorbate
W 18 &3 -4 it B A £k B4 2 @4 F B2 fr(D) ~ (04 F -
ke 1

§ e SERS i 2570 REOCRfr BB B e 5 L0 1 H
ﬁ’]?};kﬁi& g Kitf,:% :‘fb] R—:’ m Ll' ’ﬁ * R?v e E L 1’;|J ) E’ rﬁﬁm: Q;}»B »é]- Z’; $E F; > 4} }%%\

[

GO AR A B AT 2 £ B

S

ik

LRREEEPIRY

i‘gm*xf@ °
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1-5-3 # gt (hot spot)
Fa R EBR KRS N E R E D G TREIRE R A G DRI
REFNBPH ARG FHFL R G DRRFDERR A By CEERLY
M § T LY A2l RIS S e DT R R IRTIR T
s o rjfaiﬁféﬁ s B (hotspot) o A figh® - € 2 24 7 iR~ 0T 3 5%
3 o
THERBOERTREATHE > v B § T oL 30T Hhe 0 4
Bk 33 FATHE S » T E RS Hhhe o Bl A L R G ok o de
B 1-9 #1775 £ 2 K~ TLHAE 1T 7 LR W& T3 B IR E A
fvo Frbo o HRFEEAZE IO M RHMBAPETER BT G40 FL Y
FEAEAE o R T A RTALE S BE T Ao T H R BT A2 { Fenp
E A Bt o MRS Feid F @R L B i 5 F1 5 > § 1-10 5 SERS
chf 9 F S 2 A B BB A 4o B 4 SERS A A G BP0 4 AR
4 SERS £ 7 thi & g o

o o o
N S N - T

Relative optical signal

=]
(8]

(=
r

25 50 75 100 125
d (nm)

W19 Tk (Fd)@r2imir (d ) hiiipd FIEHELFRAM G

16
g] o

15



Nanoparticle

Enhancement
Factors

W 1-10 £/ % F 3 Fenfigbz a8 22 SERS 3 3 715 3 4v dp M [ ehm &
Y

% & iﬁ“‘i‘f‘-ﬁ ISR A

2o TREF/ERARA I E eble d s © G0 BiRAR A TRE e
ZoARF ARG 2 BafEden £ o M L ATH € X DB gA T ARAM A
BOAERA TS AR N B AR R LA A F iR
BN 552 SERS AHF M > - 84 F A4 F chSERS B A T i EW@ A
fFende & KB o T deie 4R BRI K h SERS B A ALY £
Reo

hifd =L &k ¥ SERSHE T L Folick - % A H T £

) 28 d N H dd st FEREORPAL D LSPR T &

PEACHTRET Y ek Fin L 2Rtk I FigdtdiaikiEh
FLRLRNTH  ER L SERSF L2 RAZ A P8 parBedes Lo 1§
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E

drim B % 24 SERS B A EiTE APE R ER B L F LK %
PEE SR s FARME S UE ALF LR SERSERAFEES LR
A AoV R & - L REAL; LR B R L * cho BT G SERS A4 o dek B E
( metallic island thin film ) ~ & % % # £+ 7 & % 47 & # ( metallic

nanoparticle/graphene ) -

1-6-1 £ &%+ (Metallic colloid)

4 %4 (Metallic colloid) #_ & % B 4517 4 SERS j&{+ A4 1 * it >
BRE N FFHZ bt BB R s XFH2 T R2E - 2 EUHET AR
FEOBBEMAEEE CEHABIZARIZEEEALARE®E TS
DR AR ES R U E A E LR o PR A g L0
FRE o 1L PR TR AR TEN R ERA > H g
A BREE S 2 AT FABRTFHE 2
Seongmin Hong™ % 4 & * R g feig B 3 F < A enk 3 45 (W
1-11) > % v i e A8 R EArEs (4-NTP) 4o 4-% A $aeps (4-ATP) A5 o &
% oW 1-12 #5757 o o AR L ek 2 R Hed AR5 0 SPR > & 4 o0 SERS 5 AF
AL > HTER O SERS M LAY c AFHT L2 KR FEE T S TEL 80nm
4 B H B F1S 0 4 4-ATP H % 715 5 9x10° > % 4-NTP # 3 %5 4 45%x10°

B A Ao & S
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L

LU
[
z ~ /
S wi - [l /
o / = 4
J
£ /0 £
3
z z
0 C 0
10 0 w : 2 w “w
100 e Siae of NN tnm) 10 =n Siue of NPy (am)
{h h)

Number of NPy
Number of N

x a5 0

w w0 w
SNacof NN (nm) 100 s Siac of NPy inm)

m il

Namber of N\
g
Number of NPs

~0 w0 120

100 rom Sze of NP (nm) 100 nm Sizc of NP {nm)

fe) LY m o

W 1-11 35855 5 ()17 nm > (b)30 nm ~ ()40 nm ~ (d)50 nm ~ (e)60 nm 4=(f)80 nm
74 2 F .+ 9 SEM i T B3k E 5 (9)17 nm -~ (h)30. nm ~ ()40 nm ~ (j)50 nm ~

()60 nm 4e(1)80 Nm (& 2 F e Fenc <t o F 8 B o B P FAREF LA F R

(a)
z.
z
v
k=
=
5 80nm
v
v v v v 17nm
500 1000 1500 2000 2500
Wavenumber (cm™")
(b)
.>_.
g
;;:
5 80nm
(7] - === —
T T T » 17nm
500 1000 1500 2000 2500

Wavenumber (cm™')
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) 1-12 (2)0.25 UM 51 4-ATP 4(b)0.044uM 1 4-NTP -k i3 3% & 17~80 nm 14 %

# 423 7 SERS 3

Wei Ma®® % « 4% 53 SRS A A MU e (thymine-Hg-thymine) 3% 3+
Mg RS L KRS 2(H1-13)d 3089 Eyj“\vﬁ’?vﬁ;ﬂfrﬁgﬁ’ﬁ BRMEA
¥ARHT FATH AL G a0 DNA sh& 2 8 B FF 0§ ) 89 e
RS R AR R N B R - AL PR ERLE 4-2 A F AP (4-ATP) R
Aok Bk A AT o dof) 1-14 #77 0d M3 B ¢ 4 h2 L B A4 SPR
BA I AR SRR Wl SRS o RIS T B BAFE G
ridg A ODNA & 2 f A g p e RS- RM - d 2 - FHE ALY
$ SERS p¥ & » BLRF|rhd b SuB v HEp 2 L B & k@ Pla famad R A
G o R Y 5 60 Nnmoshs RRR kARSI i pHEAT E R 0.8 nM (W

1-15) -

High

SERS
Signal
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»
SHEE & T
# bl
200 nm l '& 200 nm ’ ‘
C I 1500

Intensity(cnt)

mw & F

7000 1700 1400 1600 1800
Raman shift(cm™)

W 1-14 7 Fhk 258 5 - BAHTEM 84> A 5] % (A)60 nm = B4 - (B) £
= ® &8 (heterodimer > 7 ¢ &~ en% K & e B4l ) {0(C)50 nm == R 4Y o

(D)7 F = BAY & S 17 e 4-ATP £ SERS 2% ] -

.200 400 600 800 1000 I200_1NW 1600 1800
Raman Shift(cm ')

Raman Intensity(a.u.)
P8 0§ &

n
$

1E-3 0.01 0. 1

Concentration of ng'(:\g mL")
W 1-15 (A)* F ik B ek 3+ #7jE 18 79 SERS k3 8] - (B) 12 4-ATP # % (1083

cm™) $AAT LR SRR W SR o
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1-6-2 = 2T & SERS E{ 44+

% % & % (metallic island thin film) » £.2 % & * & SERS this+ 44 - #
EE RN I SE RN AR Gh R Bre SR - FE e REEE R o R L ¥
BAAFEE X ARG B FERE 20 BRI T o £ BRE SERS A

P4 OUE R R R FR L G U s Bk o

1-7 32 k3 /E &% 4 & # (Metallic
Nanoparticles/Graphenen Nanocomposites )

PREGOSERL RS RS AR A R OE M 7 5 AR R
Ptz - > B ehT & SRS SRR AR AR T 4kl ik Gk A
H(M1-16) mc = pat > A RO A2 BE LVgL 4 SN Al
00 ABAB = 5\ k2 kg B A5 2 @b e BB (B 1-17)0 7 &9 *03 icfe

KRR H BT E B LA e R A

W 1-16 % &% e &8 ok S -
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SRR O R
&k§§§§§§ww§w&

W 117 % & 4 -

EAMK PERPEEFF L EFEIRITARI BT FIHEERRT G -
BRSBTS Y o A0 R BB K R LR R AREHT R
P d st R R AR RRIRG LB T REE T R RS 2
B ATate )& Lo RRh= M- BN 5 = F %o 3 RE DL R Mot

SRR AR EEREREAR ERFI IR RUTREL R
BB - ARG E TR ARG A= ,fz/a‘..fé;—%fﬁﬁ’:—— Mipor FwmzHpsh-F & J"ﬁ Al
AR hfp - & d R T A &S b o blde T sk & E A OF B ARG S AT
L E TS Sk

e § % 2004 &> & R & et < & o0 Geim f- Novoselov 4 #en7 i B2
LY BT A A g ES NI A EEE RS K ST EG e # el

PR F RART B AN B LA E D S E AT R AT § bR e 5

TE EDE RIS EDE RS 0 A N AT R A &2 (mechanical
exfoliation)oﬂ%h%&%fﬁﬁﬁ%ii’ﬁ FUUPEAGEAFEY > FEY LG F HEET
SPEFAF ARG AL AL FHRE KB HABRE LY
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kG Efoz R BRI A AR R R R T R T
P R RN A TP B R U T - fEA G B P KT
(Surface Enhanced Raman Scattering » SERS) # 1 - iz .d 7 & 2o v
F2 BT RS EREE AP G SRBET AR A A E LR
F AT R A BRI B¢ P ARA G i 4 o T A G W e 8 Frat o e A e
PP RO R EGE DA T T T A G Rk T 5
G R o LIEAEIRT 0 AR F ,%;"‘%V}'Jﬁﬁ’!/w\:k gHEY AT g—,jﬁikiﬁi w0 5
teRIEA T T oo B kR o BRI RS G SRR E- R S
B R T EGT G mn RS 4% as qp3 e B, gy

. v

EHAG T RABE NS F LTSRS fos 2 AT T o 7 B

A

—=¥

¥

BRI TR P 4 T B MR SR PR S R
LRI £ W S SV D A s R CRU S R

FALEEH AL G BT I EL § ok SERS A4 v 24 4 3
i) o F A - it B4 % hF - F &% (Graphene Oxide) # i & # i ¥ ¥

Bl R A G SRR B0 g B A 4t SERS # 5%
F i fr

kG F AP LITL R RARDSERS Rr o Ly A F A3 RET RFT
4 &‘{%%ﬁ, » o %?%i ﬂf ,fr.p i.m%\m ,L§ *q;}fi@é m,{:rm ,J,% 23,24,40 |

i
Y
S
_\_‘_
._\_

2 IV UEFEORRARE A MEEAR o a B AR T A0 AR

N
5
=

v TS sl i DNAF &yl - e £ 5 F ﬂ}{f-ﬂf—ﬁ%&ﬁé & 238 °b 1 SERS
WEHE - PP AREARIIBEFAFEH SR AT g VAL
# 5 i) - DNA i jp) 4

Sean Murphy® % « 4% pag it gpiv LB R A WUE L £ 3 /BRF LT E
% 4f & H(AGNPS/RGO )» i¥ & i ipleh stk iim 2 » TMPYP c1SERS /& 12T & - TMPYP

TAERE LR NRFHRAL LRPE Z 4G WP 40 (SERS) B8
= % @ 3 % = =+ & §r &+ (Surface Enhanced Resonance Raman Scattering »
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SERRS): @ TMPYP &4 e+ cn¥ A k4 » X P L 2 T/ > it 59 nm
Ao TS (F% 2 RGO chib & - addeni & TMPYP 2 RGO 2 B 4 4 &
FEIEA 0 4t SERRS A 4 48 P AR 8 UK Bk % o 4off] 1418 #7 > H T

R3] %) 140 nM 7 TMPYP » £ 77 AgNPs/RGO & 5 24# 9 SERS & 1% -

RGO-Ag NP
(0.02 mg/mL RGO, 0.12 mM Ag’)

(=2
o
o
o
L]

d ——630 nM TMPyP

4000

2000 [

Raman Intensity (a.u.)

Raman Shift cm™)

W 1-18 & * AgNPS/RGO i i SERS T 5 en% f= )k BT TMPYP s> & L2 -

Shijiang He™ % * #-4& 2 A .3

5

£ CVD i & 8en= 6 ff 7 &4 WL
$ &2 AR B EFAEAF (AUNPSIG) 2 #ip] DNA ¢ SERS iEf4T [ o
I 34 DNA B F|ehfe & 31 > R332 4 & - Biof# DNA §p j2
(W 1-19 > = b) > 4B 1-20 #77n » 2 DNA @ p4&*15iE 10 pM > i *
% 34 DNA F 5[fc7 ek T4 A = i 59 w347 ic DNA R * o - B
SERS 4T 5 (W 1-19 » /% ¢) » AUNPS/G #F+ i ;o] DNA 9% & 57 & o3 &

BUEATELG L 24705 RIRY BA -
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©  AuNP
LS o ~~~ Capture DNA

NN AN Target DNA

*~~ %>~ Reporter DNA

/ | cvp

Copper foil Graphene on Si02/Si Au NPs on Graphene

| BEEERES 'Transfer

HAuCl4

SERS /
Detection/

KRy

W 1-19 # * AuNPs/G i* 5 SERSD /#-T = 9 DNA B+ % B -

(a) (b)

E3
Target DNA * %
=3 z
S 2
- 2
£ |NC-DNA £
| Blank
1000 1200 1400 1§'oo 1800 1000 1200 1400 16'(10 1800
Raman shift (cm™) d Raman shift (cm™)
(c) (d)
8000
;6000 11480
s .
= ¥ j1239| 2
240001 / / 7]
@ . / 1069 &
k) Yo 7 1
2 2000 /f i =
= P éé/
o] =%
10® 10* 10° 102 10" 10° 10' 10° 10° 1000 1200 1400 16'(10 1800
Concentration of target DNA (nM) Raman shift (cm™)

W 1-20 ()~ w32 % B DNA (2 ¢ ) fo 1 nM h2L.3 4 DNA (= é ) o3 4
DNA (¢ ) % &~ £ 7 SERS %% o (b)p & DNA & 0~100 nM = 1 SERS
L3 oo (C)F I8 FHACE h5h A %A I DNA LA hiE w5 o (d)4 w[E_T1 B
£ DNA(A £)~T2 B £ DNA(B ) 12 2 T1 2 T2 g3 &7 (C &) 1 SERS

%3 o WY RS EEFADGH -
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2% % ET

2-1 REF S
% 2-1 A3 ¢ i BRI o
b # R WP

Frpa (Sulfuric acid ) 99 % Sigma-Aldrich
# & (Hydrochloric acid ) 37 % Sigma-Aldrich
% 4E 447 (Potassium permanganate ) 99 % SHOWA
g% -k (Hydrogen peroxide ) 30 % Sigma-Aldrich
A & 42 (Silver nitrate ) 99 % SHOWA
& ¥ pa 40 (Sodium citrate ) 99 % SHOWA

4-zn 4 F 7 A& (4-Mercaptobenzoic acid»4-MBA ) 99 % Sigma-Aldrich

4-3 X ¥ #ifs (4-Aminothiophenol » 4-ATP) 97 % Sigma-Aldrich
A-# & ¥ #if» (4-Nitrothiophenol » 4-NTP) 80 % Sigma-Aldrich
2§ {4 (Sodium borohydride) =98 % Sigma-Aldrich
3-% s tez_(3-Aminopyridine » 3-AP) 99 % Sigma-Aldrich
% # 7 & (y-Aminobutyric acid > ABA) 99 % Sigma-Aldrich

% 2-2 *FE 3 ¢ 9rid ¥ ehE % H e (Oligonucleotides) 5 7]
% i

L3 Bl (53 )
P1 (Probe DNA No.1) ACATAGCACATTCGAGGTAG-SH
P2 (Probe DNANo0.2) TGCATTACGGAATCTTACTC-SH
T1 (Target DNA No.1) CTACCTCGAATGTGCTATGT-SH
T2 (Target DNANo.2) GAGTAAGATTCCGTAATGCA-SH

Non Complementary DNA TACATCTTGCGACATCGCAG-SH
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2-2 HHE A
2-2-1 § i B EMFE D

A * r 5N g B2 (modified Hummer’s method ) % ®/ i < & #f i3
¥ K § %7 &% (Graphene Oxide) % A &% ¥« § 4B 29 = K7 55 12ml
ERFARR & R 6 80°C 0 (T AL B P F L LS RIT AT 6B
pro s 500 ml ehd 3 K AR 1S g T 60C deipo Mg 1 i chE & B 120 ml
SOFREE P 0 4v ~ 15 Q B AR AT 2 ) BF o B F E M 4o~ 250 ml 02 g

Gk B D R D [ o SEEE 4~ 700 Ml chd BF ok 0 B P4 ~ 30 %

s
[\
5
e
#
3
e
gacil
£
4y
N
-
|k
[\
o
4y
7_
3
e
=
iXS
#
¥
3:3‘
1*
®
@]
hull
aﬂa
a3

AECT A EET K o 1 P48 X GO A Hein i o

2-2-2 A K RFI AR K RI/F R EHA EHePE S

& 413 K+ (AgNPs) fo42 2 5K+ (5 1 =& 48 & +1 (AgNPs/GO) -
B AR 10w PR E LA R (L5M) e x 3 15 ml 9GO 4 3+ -k~ 47k (0.067
mg/ml) » #5833 iR 4 £ 2 100 °C > 2 f&4e » 177 ul c9R $Ac 40 (0.085 M) »
I ER R 10 448 o BR £ 3R A AP FIR 0 74 5000 rpm Hew 20 & 4R 0 A4
Gl B 2 AgNPs & 3 ik i g2 0l AgNPS/GO & A etk e o H#om i et i
*1 8000 rpm s 20 A 43 GO A of R £4F 0 EALZ % 0 TR
AgNPs "1 8873 i o #h if ehit i 00 2 g ke (5000 rppm) ik o 2 ",f Ao

e AgNPs » T % 2 g3 R & X174 47 0 7 248 T AgNPs/GO 4~ 4373 i ©

2-2-3 P & DNA/4LE k3 cril &

M v kP R DNA B 722 33 ke 203 % B B 1 DNA = ;% ( 100
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UM) 10 pl 4 » 2 1 ml s AgNPs & #g;% # > fe ® = 1 uM 8 & DNA/AgNPs
ik e AWBd L uM 0P - DNA A% 1l ~ 10 ul 40100 pl > £ 4c » 2 1 ml e
AgNPs & 7% ¥ » 4 B]fie B = 1nM~10 nM 4= 100 nM 70 & DNA/AgNPs ;3 % -
#-1pM 10 45 DNA 73 % 45 & 1nM > 2 %3 1nM 18 4% DNA 3% 1pl ~ 10
ul §= 200 pl» & 4e ~ 2 1 ml s AgNPs &2 $gi% # > & B[fe E = 1 pM~10 pM §= 100

PM 1P % DNA/AGNPs 73 i o 223 48 DNA 24 3i ke b o

2-2-4 A T iy 4F

-k Bk R 0P 1% DNA/AGNPS 7% % 4e » 0.5ml 7 0.1M =3 4-MBA (E\?ﬁ
A-NTP) ¢ figiai » ¥R £ %4 % 20 & 45 > 12 15000rpm i # d.w 20 & 48 0 2
iR s Ry FE LB Ml A e R R R 1 A ok
w el 05ml> @51 4 4-MBA (2 % 4-NTP) 1p % DNAJAGNPs 2 $¢3 i -

25 5 DNA@%&E}%P&J °

2-2-5 % & H B PR R &R E

#-pE ¥ w Kk e Probe-DNA A 5[0 3 3+ -k fie ¥ =674 /% > B~ Probe-DNA # %
(100 uM ) 10 pl iF % AgNPS/GO/Si 4=+ » # % 2 [ pF > 2 813 g3 kire
fif % o £ # 10 pl 4-MBA /8 # DNA/AGNPs % i% i + AgNPs/GO/Si # 4% » #
B2 3 S okfee makiie (R 243 kfre ikl A ¥k

e bk kY L L) U F R B AGRE R ER R

28



O AgNPs

A~ A~~~ Probe DNA

~~s ~A~r Target DNA

4+ Label molecule

&.92%;

L red ¥
ANl L
- - - SERS Detection

W 2-1 @ SERS /&2 A4 fv DNA R cor & Bl ©

2-2-6 B4F 4-A R FRE (4NTP) 282 AR 3/§ L 28 ¥4 & H#

76

#- 1 ml 1 AgNPS/GO 4 ¥¢-ki% % fv 0.5 ml 1 4-NTP 2 i3 i (0.02M) 2
£# 5 20 A48 o 2 {511 15,000 rpm g 20 4 4Bk b iR o #-3 § 4-NTP 7
iv i+ 7 AGNPSIGO chRRRITIR #» 11 & fh e 4 % E 10 X % & P 4-NTP o St o 4
SUHR A ERTA AT R B kP RS HGRR c 3 RS B 4NTP o
R A3
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2-2-7 B4k 4-F AFmp (4ATP) 82 AR I/F L FRFH L H

% o
#-2 % + AgNPS/GO 1 Si02/Si #47i2:¢ & 1x107 M 1 4-ATP ¢ a3 i ¥
20 A4 #AE e Bfed T ke 0 00 F eRig 0 W@ i 4ATP o

AgNPs/GO -

2-2-8 14 SERS e ff B R 2%

TR B R F f9F A AUT 460 SERS A dE 0 1 p gk ke 7R R - AT

B3 fo T A BRI R 5

2-3 HEBRRHFT

Bl dyrong PP EGELREARTIE L EGAE R TR ET
VIFERLE A e W R34 R (AFM) S B 3475 55T 5 B

& (HRTEM) >~ UV/vis s fc ez ~ 12 X kSt 451k (XRD) -

2-2-1 R+ 4 B
#eir oA 7 B4 @ % Nanosurf Easyscan & = 4 & ficét (Atomic force
microscopy * AFM) & {7 dF4s o R+ 4 BEACALE A E F R REIFHAL > 02 H 2
FfrRlE LR D1 E B RIEEJN* RFE G 2K RIFE TR & B
AR 5y St I8P ACE & SRS A G T S o d N
FEBM Glicfoh 3+ B anie® 4 fp g FIHFE QS ahF 8 E A e R3 it
P ERBALLE S 2o (8% 4 ke BHESIEacn~F L4 (Van
der Waals force) &2 454 o o cn?t k@ 3 2 B enB G 54 o Ptk i &
BREAKRGEIREFTL TRB RS €D BHAMBEL DT HELE I B F
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Boehiz ¥ BRIE A Rl P R R 3 hE ML Wi R DR 4R

W 2-2 i+ 4 BEHCAR o

2-2-2 THEFNT S MRS

e RN RE T 25 AF £ % JEOL JEM-2100F 1% &% 5¢ ¢
=+ B gt (transmission electron microscopy » TEM ) fAfici g B % © TEM 1
FREAF @ oRFL DT F RIMIAF TS5 T+ EREY DR
FRREFERFFES v D AL 2 ESH R F A A s B R ED

BRCEREF M TR AP a7 o B SE R S R E R A

=
et
>—L

cod WEFAEF RLRE AT E TEN T F BB SRR - B
kB R F it > v uiED 01~02nm ok BB B F~FH R o Flt
REGEN LT HMET L RER SO e H 1T 0 SRR
PR+ chigd o v R B REL TR M BLER T hEc | chig i Kk B o TEM &4
LE SUERE Yl oS R o o E LR SR D LR R LR R N S

UE LR ARES .
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.

W 2-3 4]%. JEOL JEM-2100F 77 % ;% &

2-2-3 UVIVis = iz sk 3

*FE g * A5 UV-1800 Shimadzu s UV/Ivis w5 qz -k 3% R ¥ 4L & = 4%
FAFIF B EHAF M TP T E e H T %

XEEH - F PP R LRkt ey 18 £ s k3 i 2
PEPFHT I ERENE T N RS TR G BRI 8 Sk il Y
—BREABERE DRI A o S ARTFH S BTk o 7 P s Tk
FIp o B R A F  RF B T T R ST T R A T R
P F el S en S RSOk R B e kR T M R EV R T
B2 220 EBRFT* RRTE AT -

A = ¢bc (2-1)

A LR

€ % ¥ B vz i #(molar absorptivity) > # = M*cm™

b % kW EKTE » Hxcm
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CriaRrkR H=M

® 2-4 A 5L UV-1800 Shimadzu e UVIVis g sk 2 ik o

2-2-4 X & et A 45 &

AETy i 2% EL % PHILIPS X‘PERT Pro MPD » #-3f £ & & ehg2 3
f+ 58T BARE Mg R X &8s A 45 (X-Ray Diffraction - XRD) -

¥ X-ray - fa BN SRR RS ATH > AT R M T A 3 F o (R
RGN )0 TS ACH s 2 AR R {5 i £ R URAR 0 T 5 et o ig

X R SESETH > T N E S e R 2 E s E T IR g

i
% %;ﬁ’ﬁﬁ"'}é-ﬁiﬂﬁ'fi’.i ’ :‘F‘:’—"—l " %‘;—‘?\# - FHhi ?ﬁ?’,”‘l‘ o B &EA(CS fﬁ%‘ Be
B T el £ 4 0 & & 0 chiEsbf L3307 LR NT] o XFMeNip B o L RE L3
mehg o ot o Bt Xobb AU KBSk T LT L B S A T R A1

FABHFER T F o

nA= 2d sind (2-2)
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N $Es1E dic
SRR X B2 &
d: ta e

0: »esF X kB fm 2 % &

W 2-5 A5 5 PHILIPS X‘PERT Pro MPD 7 X -k £t 4 7 1% o

2-4 % k¥
ARG T R R EF & k¥ ks (Horiba Jobin Yvon iHR550) » st 5 600
gr/mm > $Efe 532 nm e F BT L e kR o 1R @ 50X AR E o 8

LHAKY > FHHFERFOFL BT LT RT KR ER -
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W 2-6 7|5 Horiba iIHR550 #- & k3 ik °
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¥3%F F2EYEARMSERS BT S
* A% - [ 245 8 DNA i 3]
FACToA o DNA BRI 2 & 4 5 B imr AR riph FE LAY £ 20

p v z¥ 5 DNA i g =

A
i<
<F
el
e
I
~zh
“3
3
g;a
‘s\
)
(ﬂ}
T:\.
._3\_\‘L
)
1: o\
#?t
&"‘&
F_k

EP o B mg A Y RE o ARm o F kM BB F RN A Y Rk
HEF EREFERZEUFTIAFPFOIREI BRI T UFFTERY 2
Foepog £ oo oo A AT AL AT i DNA BRIF e = 2
Flo T EAFRE DL TR EE T U E S B RN RIS R & o T
P AR RS ke G TR RAFRODNAKR TS o B 353 e
7 *xin SERS Ar e Bl AL 5 Pt o St Hag e cnfl (TiEAE S 2 A0 T
DA LA F ERA R pEL T R A B AR T R S
B R e 2 N HOR A e 8RR K F A I 0 TE SR A Y DNA R £ i g
PpEdk iEdp b e SERS s 5 o AT F e K N - A2 T icF FEiran
AgNPS/GO Zk 15 - JI * i3 &F 412 51 f 03 4 DNA 5432 k5 /5 I 7 &% 4

BT E R 5 B SERS e AT ki (RS HFHF A R kigf

3-1 #HFET

3-1-1 25 B RER

W 3-1 5w #r@llichy F &% (GO) 2 £ & f1* =% (dip-coating)
Skt A SIO/S A o B R 4 Kiks (AFM) Fids 6 E @ il o
LR i 2 N g gk (modified Hummer’s method ) #74 & 5GO 2z 5F & + &

I Gie o Ad BRFVUETHE GO ZAEFAEANE Lnmy A AR

®
@]
oy
pie
=E
K

FEE STt GO R EY e TAFFYE L D H
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10pm> d it FaEE <o ffanE g GOz A EY -

B 3-1 fl* e gz £ chE K § i 72 5% (GO) R+ 4 s (AFM)

Pifo 2t LIERE R SthaRea AL L -

Wik 75T A e (TEM) 7 M2 E5 74 & 5422 K k5 /5

it B4 & H (AGNPSIGO) hp 2% im0 Mol 4 & ) LB % 4o
W 32 #r7 o H ¢ B 3-2()F W 32(b)A u LA Rk 2% T e @
AgNPS/GO ¢ TEM %15 » B ] 3-2(Q)% 2 ¢ cih % % 4 e b B F BLI chpt i
FI* B e L FEF AP F LR o d B 3-2@)7 g Il /2 KRS
(AgNPs) #% & ¥ Tioa i & GO 2 o ¥ endk & > o 3> AgNPs 2130 st
TARRA o IR i - R TR 0 AgNPs £ F A TF L AAE 0 GO %
FE TR e o Hten AgNPs Az~ o] A i 4o W] 3-2(b)3E Bl o 0 S B
T AgNPs e 53 = ) 4 15.1nme I 3t Lm0 97 & = 0 AgNPs % 48 cn TEM 22 i
4o @) 3-2(c)#t+ » ¥ AgNPS/GO sn TEM ¥ %7 F «h&_> AgNPs & i 1 4 2 &
SRl R 0 F R NI AR K 3 ARt TR - A & ¥ e AgNPs
S o 23 GO 2 fF 2 ey f o AgNPs s < o] & fF 4o B 3-2(C)4E B #r o > &

T iofe o i B @ 5 15.6 nmo ¥ AgNPS/GO # e AgNPs . j% & <t 4p £ %
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B 32 (@5 AgNPs/GO £ 3 h TEM # f; (b)ﬁnrs := 1 AgNPS/GO 1 TEM

8 o (c) 5 AgNPs 7 TEM Biifeo AGNPS e € < & i A 5l 4 7 t & Bl ® U5 R -

3-1-2 kF Fz_

¥ bR Rk B ET 0 4 B E_UVIVIS Bk o § kS o LR
Law sz B oo §3-3(@)7 ¢ 0 GO 38 228nm F - £ Bk ek > H ko
FLenm ;"::FJ{“—? o 82 GO frx gL Ap it » AgNPs/GO %) & 400 nm s % 41— &

S 5 o e AQNPS ¥R it o k4

—\\

Faro an® d 2t AgNPs th4 5 T %

e

£ 4R (SPR) i A& 4 cdfg b s ®o A igim @ @1 3 eh T > AgNPs/GO i % 3
PocEd b e g (228 nm) adE R R N A 0 A F BT 4o R IFEA L
E 2Rk AT P 22GO - @ B 3-3(b)~ % 5 GO v AgNPS/GO et & k¥ o
d B ¥ A B2 2R GO v AgNPS/GO = & fehi g k¥ ks DA 1344 cm 'fr'
G # 1608 cm™ ch GO # e » fe A7 11 %34 5 7] AQNPS/GO chf § 35 B
WAz GO § A EH R % 0 SN GO f k JELA A T 9261 i
W F GO & 5+ I AGNPs A & Rt 6 L% 4R (LSPR) #7142 k8%
#- (local electric field ) *7# 5 GO s § £k 3 55 cne & 040yl 45 *
D F e CFH 2B Ry IpllgtE - # GO g B v Ipllg 5 091> & &
Jie 15 59 AQNPS/GO #9753 & 1 Ipllg 5 0.95 4p - ¥ M > F e 54 % 8T
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FAE R R BB - HEP AR BT A r R FFEAA ¥ GO e B E T
H o
Y —GO0
(a) —— AghPs (b) ° —— AQNPS/GO
AGNPSIGO

s

2 2

= a

© @

5 E

2

3

T T T T T T : T T 1

! v T " T 7 T T T v T v T v
200 300 400 500 600 700 600 300 1000 1200 7|1400 1600
Wavelength (nm) Faman Shift (em ™)

W 3-3(a)GO z # & % ~ AgNPs f= AgNPs/GO 7 UV/Vis =z k3% - (b)GO 2 &

& 5 o AGNPs/GO s & b3f o 3 & g% Si gt chss & (FiF- 1 o

3-1-3 X sk 354 4 47

57 i— o ERAGNPS/GO hio &t g » ¢ % X k48t (XRD) &7
LA 5 o 4o 3-4 1m0 ¥ AR D ehdestiE P8 JCPDS card No. 4-783 ' g3t
#enfec dady o "ﬁ: przoet o BRI R eh AL B 20=10.9° ks GO SEEFHE TG )
T 7 AgNPS/GO 5 XRD %3 ¥ - i&v it £ 55 § 433 A3 "4 F 2 GO £ o ¢
€7@ GO ARy RIF AL o« Riyg it B @RpHT > 7 0E D

AgNPs/GO 4 & 5 & & ek ih o
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glass substrate

Intensity {a.u.}

(200)

(2200 (311

I ' I ' I ' I ' I ' I '
10 20 30 40 a0 60 70 30
26 (degree)

W 3-4 % AgNPs/GO 1 XRD B e 2 20=21.7° resn 5% 5 B IF 3 0¥ F 2

%ﬁ»"

32 46 HHEPE KA R
3-2-1 B &5 R 7 DNA 1 Rl
@R R 45k F 0 pe (4-MBA) 25 p 45 DNA 5 SERS 3155 - DNA
TE RS % 4o B 3-5(@) o o 7 a0 Tl 5 SERS JFLi R AL F P R DNA hik &
oA TR A BR&RY o F PEDNAGERFECE InM v E BRI P
57 c11 4-MBA 5 SERS 55 » tiif? AgNPS/GO ¥ % SERS 7% 14T = #1+ DNA 1
BAORACR B BB PRET UFL 0§ P 1R DNA 5 i AgNPS/GO
2R 4G T4 DNAART S8 > d %05 % DNA Rsp i
AL F o FREFAIL PFEVIFEZ AT LS BRI
BB RN RSN Al R TR B AN TEE R X L H A 2
Frenit= % A5 & 6 28 $tot2 #gh(hot spot)e @ 2t b & DNA * = i % 5 AgNPs
P 3F 5 AMBAR R A F 0@ iy hA-MBA T it § 4 EEY 0 % 18 SERS
WELL 4% o e PFE) 3-5(b) & 4-MBA 7 SERS ##c# (1077 cm™)# p £ DNA
k& (v £ F i (dose-response) 4 i » H S jF e R 5 0.9991 >
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T R Bk (TR T R B R A AT e

(a) (b) x 1077 cm’
5
s 3
= ©
] =
5 z
E 2
@
=
RZ=0.9991
1 v 1 ¥ T ¥ 1 ¥ 1 v 1 ) M L] v L] v L)
800 1000 1200 1400 1600 1800 9 -8 -7 B
Raman Shift (cm™) DNA cone. (logM)

W 3-5@)%* ik E(1nM~1uM)target DNA 5 2™ #7fE {F 559 SERS £ 3% ] -
(b) & z_~» + 4-MBA i § ¥ ped (1077 cm™) ¥ DNA kR @ B F &
(dose-response) ~ i - SERS F 2 ¥ & * cng st & 5 15 mW o AR 5 3

7f/’} o

LRI b k2 erE |3 6 4-MBA 3 2.4 3¢ 3 ¢ DNA & 7 & SERS
EA AR P A e A0 A 2 i A B[R RIE A 4-MBA 1 AgNPS/GO ik 4
Hie koo B2 bk 4MBA F it - & AgNPs F i > i % & AgNPS/GO
2o o A kW ER o BRIG 23 33 ok AgNPS/GO 1 Si0,/Si &
Pl TR IR A TR 1R KRR d B 3-6 P
Fkd i kel PR DNA 75 & AGNPSIGO 4 6 ¢ » 7 12 # 3 i 3|
4-MBA e § s (1074 4 1588 cm™) » i ik 15 8 7 4-MBA e § 3

HE PR CRHRY A 2B R AT Y 4-MBA 1 AgNPs £_AgNPs/GO

ﬁv%’\»\iiﬁ%“,ﬁb F 7P - DNA @R/ F 5% ¢ & SERS k% ® (# 3-5) i
23] 4-MBA &3 4 F e § £2icd §d 3 DNA B 7 A4 e S % »
W S FERE v v 4-MBA i AgNPs 25 e (6 7 28 B 2 AGNPs/GO % &+ »
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before
after

Intensity (a.u.)

1 v 1 v 1 v 1 v 1 ' 1 v 1
600 800 1000 1200 1400 1600 1800
Raman Shift (cm™)

W 3-6 F ic it 4-MBA 3 AgNPs j# . AGQNPS/GO + s> & k¥R - 4 Va]?é_iﬁ'lipi
Hed (d ) friFiets (248 F 8 k3 ¥ # 5 15 mW 532 nm F

S A PR G 3 4yehiE 2 e R e

3-2-2 Bz Kk pF Rt FEAaHERPE L JT5 PP E

g Bk kT i e T L0 Eiﬁi#fémﬁﬁv*ﬁ" I N
Gvifod £ o b PRREARS E B RN A G FRAS PRIT S gAxnm Yo
50 38— 9 & DNA @ pHELHE B > F e & AgNPs ks @ <t 3 SERS 2 5L3
BB # % A e iE 2 er 4 A4 & e AgNPsS iF 4 P 15 DNA ik 3813 45 o 4o
PR 2-1-27 R Ape A E ERr §o7 bl H iy A RA(15M)
Ao Fheo~ REFFEG (0085 M) k£ A% AR o ERAR AE B r ik
5 IS FEpnE » o 78 et = <t AgNPs %48 <7 TEM £ (4B 3-7(a) 7
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% 01532 nm h Bk o ¥ i@ 8 SERS ELF A4 o d 3 R L G ehi
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LA TR o e F B Lk F kA e o FPEDNAFERR D 1 pM B
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nonc 2.3 4 DNA 3 AgNPs (= ¢ ) fe3 48 catarget P #% DNA 3 AgNPs 5
A7 (¢ M) jf s DNA 7 it i AgNPS/GO # & + o SERS %3 i * 4 &
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H 4 m e AgNPs i 43 1<% & ch#E 2B DNA B 7|2 25 A + > 5iF
AgNPs 77 33 5 > SERS 35058 & & AgNPS/GO % w ¥ 11 & 24 BF ¥ 3= 3 38 o "$
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