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W, Bz 1L, ZIVETIZ AgNP =° AuNP &, flix D& BT A K Ot 7 AUin 8 O T =2 08I h D454k 52
LA FRE DT BRI A ZHEL, btz @R THIEL, ThoDAF > DKFNRIER, T /KL F LD
HAEMZFELL 38175 flocculation-SERS VEZBAFEL TE7z, AMFIEIL, ZOMIEIICEEDNT, MWK HPIZE END
flie DA LR 1%, REEAA AL FFETERL7Z AUNP, AgNP EOFFERF BAERSC, BAAifs &% D
{bFHIME AAE R Z S - R LT, @RI, B BEEREL T, SOV BRI B LA BEEIZ LY
bRET D, SIS GUb AR WA LT & 8 T ki (MNP) ISk LT, @R T~ o3 ez -V T, (bR
{FAERREZ AT 35, BT 7RI, VRO pH HlNCEY, ME b FRElBiS 528, BRI T2 FEOMESL
Z AL THRZIT -T2, TOREE, WEKH D Nat, ClroiE)s, Mg?, Ca?t, SO21E% D EE CRILE R UICHIE - F =T
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mM, ZAili4 8 A 42130.1-0.3 MM DI E FTHRME T HZE THIER BN ATEE THDHZENHLMNT e o7, SHIZ, /0T
R GA T DIFTEIRREETRIETNT DK 5 1 DT~ AT NV FE ST CELZ & LI LTz, A RE 0 005
GRS DET LA EL T, DNA-RNA HEARY B, 7= @iiclhe ) a—Tab 7 IR B 8 8ie ik
THELL 72 AuNP 2 1T, 107-10% M OZKEEIRNHOFHE - 1 M ATRE T DT & A R L 72, R IRV aBEHR (i
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1. IEBE™M v, BARAL R BEL, B (BRZE) 75281,
WK DS THhD Nat, Kf, Cs*, Mg? 72 E DD F A K Wk OEIFIA, 4 EIROIE 153 E Dk L
RCI, Br, SO2ZD7 =4 LBz LY, #ib &R EHIT, BARRERESHIERBR R ORI 72 & OBLED



HEETHDL, ZNOLDEBRBAT L ROT =4 DRI,
CZHNVETEITAA L BB L D57 B ICP-MS 2341
LEFIHAL T ThNCE, LL, ME(LFREo R E
BH OO0, BESEORMLENLETHY, Mok
W EWE OTFAEREE — B 2 IFKEBAA LR, 7)—0D
Hg?*h», HHWNETTF IV EENFE G LA KN DX
B — DAL, TOLTAERIE TITA BB HRIES
MR, Fex i, ZHETICT AgNP =2 AuNP &, flix D4
BHF T KON Al O =F L HEE R P D
ST GALFFEE O FRER M BEEREZHIEL, x5
{LF M E EETHIEL, TNHOAF L OKFREE
TR FEOMAEMEREFELION TS
flocculation-SERS 754 B F L C &7, ARMFFEIL, ZOWFIE
FECRIZEE DN, WK ITE ENDTE & DA A1
7R, REaAT A LFFETEAM L AuNP, AgNP
EOFRENIZRFBEAERSC, BN A &0 L HF BAE
FZHIE-FIALT, ERRICHITEL, FURKD DERE (K
ELT, HDWIID IR DI Doy BRI IR E T2,
GBS Tt AL R S LT &8 /R 1- (MNP) |
IR T, BIRET < ta VT, (PO AR
REZ T35, Il /R 1%, ik pH NIz XY,
R A PS5 28T, BRI D, AHFZETIT,
INBDEIRT IR E A A ST Doy B
FRZ5 - BN O FEOMSLE BIET 5,

2. ARAE
WKICE ENDHE 2 DEJRAA L oar A A A

v, WA, BERAA Y, RIBAA L EDOT =

v DRERBIRIE, IREESHT, FUR D=1, HEEE D

BAZEL7=LL T @ flocculation-SERS 154 iV 5,

Flocculation-SERS-1: AgNP X%} (a)+51 %} (b)

Db SN DI, A~ A A AT VR
o HAH T HF AV H TIET AuNP 2 T8 AgNP
ZFREAEMT D, ZIUTEY, AuNP, AgNP KA E
iz 5.2 %, [ARRD LT, IRIARMIC T A H
T HF A — VEy 154 VT, AuNP, AgNP R iHi1Z
EEMa 525,

QIREEKIER PO G THLIE-ADAF L, Zil
HORMERLT- AuNP, AgNP EDOFFENIZ2FE AAE
ERIALT, A4 &) kiRt +5, 2k

TOMIEND, ZOLED AuNP, AgNP FH~DA A
O RIL, TR T IR RE OB EBEHIZLVIFY,
H4% 20-30 nm D42 g T K1 1 EHT20, %9 10,000 f#
DAF L HAFIETED, T 7RI IREEZK) 101 fE/L (~5
mol/Kg-AgNP) L3552 LT, ZhRMIZAA L D%
FEHLT D,

@ZDOFHHEICLY, AuNP, AgNP XT3 2 (BEfr &3,
LA LR DREET HIRHE) DT, AuNP, AgNP i
JRERI T 7 RAEEFALT, B— 7K ECAA
UHEE HSOKFRREE T~ A WVIIEL , b5
OFEBIEEHI, B LREE, BALREA, ARfkigle %
FELL T TED,

@FFHELT=A A FRIZ, BIDA F o 2 BRI S H N
L, AuNP, AgNP ZEEfT S, im rBEd 528 T, BiE
FE I T, 5 Loy RS, AuNP, AgNP Ak
(ZHEBL, INDIREEZEIE T 5, O,QICKEL AuNP,
AgNP ZHFIHT 2,

OALZFETIE TR L= AuNP, AgNP i (IEfifi7aL) (2,
H? OB B KERA AL 70 8 A B A A IS E BRI
TR EAERIC IO ETHZEEFI LT, Wit -bra,
RAEIHTAAAD, 2L, AuNP, AgNP KD/ T
IR ORAEMEEBBAA L DIr— 510, &
O Au-Hg DT~V H LEREFIAT 55D Tho, H
SRR DF ERE BAA L O - EE21TH, LE
WISUT, BRAKF ORI RRTHS (F) @4
D, MOERME Q) @RATBMIZED
co-flocculation {£% V5,

@R WE - ARESY T 0 AuNP (ZEDHHE - Brgs- M :
AR T EBRE D <, FER IR THD AuNP
[ZDWTC, RO =R ITTIEIC B AR R Y
ORIEZE, H29 FEEDOMER I SE, Y a—Tg
VIR IETHMLT AUNP [Z XL,
as-prepared & OMEALAEHLL 72 AuNP & VT, HER
K OFE %2 DAL AW ORI L E BRI 21T
Do

3. EBRAEK
3. 1 $RF/H#IF (silver nanoparticle, AgNP, £¥4(a))

DERH
AgNP |37 T i eIz k0 A pk L=, AgNP Hit-



PRI SR IS EE L2 AgNP 30K SEM IlE
75, 15-20 nm Th-o7z, TSIz AgNP K HIZIT7—
VR M O DER IR R T Do T — R DIE L
THD, FERIIZ AgNP IFEEMEZAL TWDHDIZ, K
WO, $0 A \Ch70ik 5287, BE
WZARFFTEDU, AgNP ORI IR FEIZHOWT, BRI
FL7z AgNO3 239~ TRUGL THEE 15 nm D AgNP 73
R LT E T2 J71kE, AgNP @ extinction 58D
FHRT 27 1EBE VT, SREHAIRF O AgNP JRE% H,
b ot BN FERIT, FhEN 1.9x105 E/L &
33x10" fE/L THY, ISHISLIZFER N EOT, AlE
IMRRZL OITHT=DITBOSINEE=100%E L 72D 5HTHY,
ZOMEIT AgNP KiFBED LR 525, 22T, 22T
1%, #2385 @ extinction spectra 75 AL 72 3.3x10'
fE/L %, HEDOF A —NOREHERL, BEAA VK
V7 =4 O it BEO RELVICH W=, 2089
(27 TR TR TR LT AgNP X, RIEIZ7 TR
% 75 SH T (as-prepared AgNP, -AuNP)

As-prepared AgNP, AuNP fI\37. 55 0% (2 NaCl 25 D4 &
N A EINZ T (RASIRE 1-5 mM), 7= FROE
Ba kT, % ORT IO, B—ZEBMNAESCT < A
ARIRVRIEDS, AgNP (ZOW TRy =g
AL EHASID DY, AuNP 134 BRRFZJER (HAUCL) (2
EENDHEALIN, TERFEND, AuNP 2 H % 555 B9
PEL TS (AUNP D7 U FEIRTTIEIZ L DRI, TR
BRI L AgNP Tl AgNO; E7 =g = F R A4,
AuNP TlZ, HAuCl &7 = g =N A THHZ ELISL
1%, FCHIEAK R CORITETHLHHRT, KBTS
728 AuNP OFERRIEIZBIL TOREIROFEITE KT 5,
AT, ARBFFETIEEEL T AgNP ZH15),

H30 1S, H29 RG] & ke Litor = FRiET
1EIZED AgNP, AuNP (N2 C, PERAIFRA H B B 3
BB DR S5 T, Ya—tal T ITREILLOE
L7z AuNP Z VT, FitiRTH S e Ot
EiTolc, Ya—ar 7 IRk, 5%k bk K
T 0.5 mm ORI TS5 E B IE (B
Z1E, 2 kV, 20 kHz, I<5 A) Z»F 72L&, IR F1IZ AuNP
(JE£ 10-20 nm, 2x10° M) Z &3 575 ThHDI, 3
F, SP-AuNP 151X, Au K EFEEHOMHILIEE Lo 7]
REMERH LI ENBLIE B SN TND,

IHIT H29 FEETOMFHIELY, AgNP, AuNP K& D
PR U BRISNLRRE R K R m A B OO, T
SOF IRLF-RE~DF YR AE—FFIZ DNA HHEO X
NTHFOEL S A VEFE AAE R IC KOS T 5k P i—%
Wi E T DA REME B D ZEAVHIB L7728, H30 4FEIT
MNP 53 ik Dz 0y BfEE Vs AR bRE R, B OMRIE
MNP 53 B DRK~D 53 AR IR T 7 5% VT,
MNP 558 7 o= i DY =2 & 3 i d nf O AR A AR it L
77
3.2 {LEETETHEULIEBS/HF~ADFA—ILD

—h (AgNP (b)) :

3. 2. 1 p-AILHT+REEH (p-mercaptobenzoic acid,
PMBA) B C #H#8i1k B 5 F I (self-assembled
monolayer, SAM)

PMBA-SAM % AgNP M IZTE KT 572012,
PMBA /K¥E & M (pH~7 > pKa=5.8) L, H/LARF
VIR T O REES S DL CIRIEEZ T, 107 M
D LAY I FE O PMBA KRR A RS 7-,

(i) HPE pH TWEZDOT b A1 AgNP 73 HRIZ,
pH=7.0 ® 2x10* M PMBA /K#EHRA ML, 1 REfH]
EL-, ZDOHET, HaSOs Z UL TR % R 1
(pH=2-3) IZFHFEL , W& PMBA ~D7 b A%
177,

(ii) E&YE pH TOWAS : AgNP 43 Bk e, pH=7.0 ® 2x10*
M PMBA 7K¥HEE ALE FUZ HaSO4 L TR A
fiett: (pH=2-3) ICFHFEL, 1 FFMEE L7214, AgNP 4y
Wi & PMBA KGRz G L, AgNP 2 ifi 12
PMBA-SAM [ AL 72,

3.2. 2 p-7X/FAT7x/—)L(p-aminothiophenol,

PATP)-SAM &

PMBA E[rl#£1C, PATP-SAM fi5% AgNP, AuNP 3 [filC
R LT=, PATP X, 7/ FE~DT B A IILTZ-NH
FA LR OKA A DER BB OB EEFI AL
TH L EALT D202, pH<pKa~6.9 DEEM:S1:T
MNP 2 i (2% 45 S 172,

3.3 FAMLI- AgNP IZ&DBERPDORAA L DR

Lz 3ar

3. 3.1 AgNP ¥ (a)lckBERBAA DR &RE

PR AgNP E£Hi1, 7T BRI B DTS, 7
T TRFR R DR TR LI T D& B A DR ERIA



HAEMZRIALT, @A 24t 45, 22T,
Bree ha BT D72DIs, TABVeld, 7Y+

AR, BB RARL HE TA—4 (C = Zr—z,z; -

&
=

,T

AT NR) DRI DTE 2 DEJRAA % A=, IEED

B DHE 2 D& JEAT L D%, extinction spectra

TEIZLD, flocculation FEAKIZAED LSP HelB A~ MLZEL,

WZFEDWTHETL 72,

3. 3.2 AgNP :HHD)IZKBBERDDT=F>2-hFA
CRUBHESFORE- &M

T AgNP KR [HIIC PATP @ SAM AL L 75k}
Wie (PATP D7 /5%, 7 ah A AIL-NH; & LU THEAE)
\Z, 7= LT HaSO4, HCIOs, X3 NaOH Z¥SIIL,
extinction AXZMUVERIELT-, IHEIRENTE RSN
AgNP A AED SERS AT MVHITEEA TV, TFEIRRE
DM EATST,

ZHD AgNP S HUKEIKEEHZOWT, LT D35
DHET, WEEBAAY, T4 OERSH, KHE
AT RS LE D AgNP 24720 DV 5 A A ARSI %
1172,

(1) ZEWIGy T LD R4 A A D jE B sy )

B BB AR A A T, KK ¢l aE Ik Ik
e —2%FFo, Bz, Cu A4 1%, 740 nm LI d
BB YL BRI EE DRI E — 7 & FF0, 1ZEAED
BEBRERAA L, R~ RN pH T/KER LD O
BEAECD, £z, WEEETIIHWNERT L2500
[Cu(OH)7RE L TREMAE A T 5780, AdEMaH
72 AgNP THER T HZLITTER, 22T, 59meitS
W CIEBWMEATDRMERAIT AL %, 7T BREH
W IV EEWEA TS AgNP CTHIfE T 5, A% O
R DOBINARTIVRNE D ZE% VT, AgNP ~
DA B JAEH -7,

(ii) ICP (5 8 3% 3% &k & 7 A=, Inductively-coupled
plasma, ICP) 4347

TN HAFE T T 1,000°CLL L& iR TR
ENTZEBA T DIESEART ML (L T IR RS
JEARBEASDFESART V) R L CEREDHTT 5, &
7o FAAARIZ ICP ZH W, ZOHEE B/HTICEIVE &
SHTT %0 ICP 3 HT I E B/ HTPEICIZEN CD A, ¥
i« R FE R e & O RIALERSC, BRI A EIRIR I &

DRREAROWE D LB TS, B [ AR @l A
DR TWDREDF RS DD, 2T, 2RI
OYIEEC L DMERERE ICP M IC LD E RS & b
FTHILT, AR CEDOH AN DT,
(i) B —# B E

Flocculation-SERS £ Tl & S 47 /& % & BRYICiE
Mrd b7-I2, B—FEARIEIZED AgNP Kifi OEN %
BIE LT, B—FENIL, TP B AgNP
REDORT N oE5 25, ZORT Vv IViT,
AgNP KE T DAA Y o ORI A A DZER 3% 5%
% Poisson-Boltzmann 7204 1H L T, AgNP 2% [ FE ff 55
FEp% 525, pint AgNP K DY T AT DL &,
e AA AR, PMBA WAE A RAEL DL
WTED, IHIZ, As-prepared AgNP, Hifb#yE#i AgNP,
PMBA-SAM % TE % L 7= AgNP 72X W34 J@ A A 2t
THFTER pH 2 2 =B Y — 2 EA7 (F i EAT) D%
b6, &AL OEEIZOWTE#RESED, bLE
—H BN OMERHMEAME T 357005, Rl Bm PSS
HENZ, AgNP RIEAFFEOxIA A PR E N INT 528
BT,
(iv) Flocculation-SERS 43t

Flocculation-SERS 1% FV T AgNP ([ZHiHE S 7= 48
AF L DR ERBE ST EAT -T2, 2D EE, AgNP Fifi
(RO B BAE R 572012, O/ iR Tk T
& L7z AgNP (as-prepared AgNP), @as-prepared AgNP %
maZ oAb iE L2t O, @ as-prepared AgNP %
PMBA-SAM [ CEHL 72 DA HIV Tz,
3. 3.2 AUNP [Z&BKBBRPDEHD FDSH

J T PRI TTIEIZ IV IER L 72 AuNP KON SP {EIZED
JEREL 72 AuNP % U C, DNA H3 &% OV RNA RO
H, WK BE% flocculation-SERS ¥ THOHT L=, ZDLX,
B—ZEAMRIE, pH LW ISR L2 T~ AT
NEREL, FE2 OB T OWEIRIEE ST LT, &5
\Z, 7T FRIE TUIER SPIE TR L 7= as-prepared tKHE T
@ AuNP & AgNP DO EEN L, pH LD D,
AuNP RHEIZHITH7 =Bt kA4 OYEE 27

~Te,

OIS, AL AW THL I INVAR L a2 H



TLTFA— NGy FETIEMLI-& BT k%, EiRH
\ZAFET 20T R ChAbLF L DOF BEAEHZ VT,
Bz (R S, KWL -f T /vy 7IAFET 5 Bk
FHEZ 10 FRE TIREEIT T2 FIENT DN TEED D,
ez,

(DAgNP FEHa)ZHW T, [hTFA P R O e

B BICIREEL 72 LR 3 L — R (-COOT) 73,
BHWCEERICRIET D20 ThHDH,

@Z DN PMBA =1—h AgNP (Z, NaCl, NaOH %
WRoT NV ERINT 5L (10 mM),, PMBA 7 =4
fIZ Na" W F A B ALIET, AgNP 3L Tz, Z
DEE, PMBA OWffE/RT~ AT MVISHEBLLTZ,

F125D AuNP KON AgNP OilTBRRBEFZ R & B — 2y 1
JET < 31T, ERENOFERMELLER
F RO HRRREE TR L, T /¥ vy It LT
{LEEFED 1y FRIET~ 4 W eiEaERTA2L% B

BIELTHFEZ D T, 5, iR ThHL I F
Tt F I ERIZ LY, AEMNE 527~ AuNP,
AgNP EHEOFBNHEIERAZF AL T, AuNP,
AgNP Z Ut B b+ A2 LTk Eh U=, [k, HE
{BLT2HE T O 7 PO SR T DT
FEAER (7 KD EFZOIMNLE A5t DA i ~D
FAAS BT 2RI L T, AuNP 22 &b 452
LI LT, I BRIRRETE AT, AuNP DJRTET 7 XE
AEIBIRIN 23, JSERET-D 525 nm 75 600-700 nm (&
VINTDHIETHEN DO, ZDEE, ATFH UMK
OHFPEAL L7360 1%, MSRAICA R T-I DT /%
Yo I FELTEY, He-Ne L—W k0147~
VIR (SEHT ~ U HEBRE =10%-10°, FDTD {AIZ L5 EE
FRRTELE 4x10%) ZEFELT-, F7z, AT A aFELF
PEALL 7= 3R IS BL M S 2720, vk 1/
AT R OB AT 22T~ U AT ML OfiR
Hrickvfgoni-,

(2)AgNP FHEHbIZ DWW, )@ A4 & PMBA =—hRL
72 AgNP OF BRI AAERIZE DT 7ROk
) 1T -T2, ZOFEOYLAMEEZHEND DT,
BELSND G T 5 W TEIR T 7R O IR RE
AR AT, EDToOIT, 0 E-S-M HAREA
L, B CHMM A H S TR 95T A4 — /v (-SH)
LIV TS (-COOH) %7 = = )L D S 2R p-
AT 7 N2 BAETE (PMBA) & IV,
ZITHRLNIREREL TS,
D pH IRiE)5 PMBA B4y ISR L7 AgNP
1%, K5 BOR H CINLR BB A HERF L CVD, 2,
H72% AgNP R A LTZ PMBA O ST

W3 PMBA DT~ AT LG, NaCl #sANL7Z
REIXER Sy FIIC 7 RAAP AR LY, NaOH ¥RINL
TeRHISERITT B AREREL 72 PMBA O A0 BlHIE
iz,

@—J7C, HaSOs ¥83E (1 mM) ZHshiL, Mttt
(pH~3) IZL THW 3 PMBA ~D 7 a kATl &
72T, PMBA By IR TCIX, —HWAELR
PMBA ~O7 abh AN, iT#9 5 PMBA 7310
SARBEEDT-DICE XN EE 2 HID, KR
IZ, PMBA #7E#%% 1/10 By ELLFICT 58, 1
mM HoSO4 IINTC, TR BB A Ao 7z,

@& B AA % Na D Cst, Mg?', Ca?t, Cut e Bz 7=&
&, [AIERIZ AgNP OUTHREEN RS, FFIT 2
D4 B A A IRINTIE, FrE/ T A—2ITH S
TAEIVGIROEFEF AAEAMBZ, 0.2 mM O M
TEETHUTBAREENEL, 1 mM DL EOJEEE Tl
O THREIZEAT N Oz, ZTNHDO&RAA 21T
H720, H® LirCIEBRREE I S i &7 2 e
O, WF AL DKFUIRRER, A 2hEM - A%
73, PMBA-SAM-AgNP ~OD# AW 5L U B2 IR RE
TERUZBIRL T oo, EERICZDFEEZHWT,
Pb%, Fe¥*, Cu®, NPREDEARAAED, Rl
B/ T DAV R FRIZ LD DRIt S 4,
AgNP D2 ENLL, BRI~ #ililE 5252
L& R (1D AgNP H7=0 5 K 10%-10° {E D 4
BAA Y, 1 B0,

(3) AgNP B EHbIZ DWW, 7/ a4 T 5F 4 — /L H

DI TIESRL 72 AgNP, AuNP % W5 T35 2
T, BRPESMECHiIE T =4 (SO4Y) IR H R T =
A2 (Clog) b, [FERITHITEL, REEDHT DT
72451 ZNS DRI DT = NRERRICHIR TE -2 L
IZ, ZD flocculation-SERS 1573, §EMIFH AAEHZF]
R Ryt YR (s o2 R e g & A VAN e =11 s )



HLOTHD, SIHIT, (ERMETH 7= PATP OWAEIR
REIZOWTC, SEFT LW RSO, ZIVETIZ,

PATP DL —H¥EMRENZ LD R ZEMEDN DI THY,

Ag KNI A& LTZ PATP DT~ AT NV T
A <—ERRICED DN, BRBEHEAIERICEDD
MEVI R DM TV, AAFZEIZEY, 2 ETH
HBINTNTZARI IV L EBIZ, K% 72 pH il
X0, D PATP HE55 1128585 2 5NDH LW
AEIREEZ AL LT, 2% R, PATP O A IRAEIZRY
FTHINFECTOEMOMRNDIRND, Tbb, K
FIENRE T OT =AU Af - R EICH A & 57200
T, BRERY OB RA 52 52 LM FEEES L
720 IHIZ, AgNP ([ZEDMKFOT7 =4 R IZBEL

X1

Flocculation-2Z R 4N %

MM <
(MRS -

g

-3 BRIEICE DR
T

Cos0, —2.0 mM
—LE#

15x10

-
(=]

Absorbance

500

600
Wavelength (nm)

_______ X 2

| Flocculation-2 9% 4%

E—4m@E(511 nm)d

ERAEIZEHBESR(r=15nm)

T, WK O AA L (C1) I, 1.9 B &% (K
0.5 M), [FIULHiERAA SO2 0.26% (26 mM) &, i
Ha7e E ORTLELZRLIZ PATP-AgNP T CXHZEN
FRES Tz,

(4) 7= g ek TR LTZ AgNP (as-prepared AgNP),
Z % Cl E#L7- AgNP (CI-AgNP) & O PMBA-SAM
NETE R L T2 AgNP (Z X ATRIE H O & @ A7 OFfHE - 1k
ﬁ_‘;ﬁ\*ﬁ [14, 15]

4-1) Co?", Cu®", BaZlZ O\ T Dk H: AgNP ik EHa)lZ
DWW, KB OFE 2 D& @A A DRI Sy
FAEIZ L BERT BT (AgNP) ~D W 35 B4 E B
(T2 (R 1-2, 1), AgNP £, 7 Fegkss

 AgNPZFL=Co TR & AR 4T ZWRIE

=Co™ IR &

8Co? = 3.9 x 107 {ions / AgNP)

(EtH{E* =37 x10°EX<{—%)
OLIVBEORESHEER = 1.15 nm?
Ok A SERELTLSERE

AgNP% R UVzBar & 2 24T ICPRL ST

= KBTS AR TR E L DR R A A B

[ICPRA A | 451 FIRSRSLS RALA L R B A A TR AT

| BHEEEBRICLTAT SXTISHA

— BESh RSB EREICRIBICRESNIAES LTS

Bat®

| =34374x Cyg,,

FSNERE I(cps)
x10°%

ICPSS A HTDEER(ague= 15 NM)
Brane = 2.4 % 10° (ions / AQNP)

(FTEIE =3.7 x10° &Lk<{HT)

AQNPRE D T8
- 5 B 1 2 O 12 - 2 BRI RRAT AT A

0 5 100 150
G{Ba)(mg/L)



@ﬂﬁ, WAL ERL CRIEEIT T2 2N EE
TEBIIIZ AgNP ~D&FAA4 L Ot &1, [F
uk{a’?{&@ ICP 3 HriEIc L > T D BT
(1), ZZTIE, Co* e Cur i d 0, Zhbo
B RIZFFICEISHFIEL TEY, KFE
Flocculation-SERS-1 ¥E03, /KD &EAA L D4y
PrCE A T&ELZ ez R, (LB ITIETRKLE
AgNP ~D4B BA A DFERIZLWEITONT, T
JRIFF%O DLVO BT HIShD IO, Kif
KRB OFF >R E M2 ME T DEABO A
(BRAFY) DRI NDZ L%, ZWIN S i‘é&o
ICP BN HTIZRY A LTz, T~ A5 5l
AgNP Zif S HVERHD, %0)7‘:&)&:?&*‘1&'43
D& REEIREA T 5L, AgNP REDOT =A
IZEDABRICKLT, KAA L THLERB AT A
23 AgNP Rl fHIIZEAL (BER _EHREEKREED
JESDIKT), AgNP HDOFFEKFENMETL, ZEE)
TR K — (kpT) 120 AgNP (%, VTl CliiZe 4%
BEE DS ED, Lﬁ?%ﬁaﬁ;ﬁke@%%e’f}v%e%
B R ~EETe, B L, AgNP #REHa) TlE, Co?,
Cu2+f£§f@§fﬂﬁ/fﬂ“/ \ZTIE, 0.2-0.3 mM DREEN
FrERES S (K 3), PMBA #7L
f:ﬁ%é (AgNP #EHDb)) (Zi, PMBA OB /LARF L —
N7 =A L 2:1 @ PMBA'...M*".."PMBA D557
B G AT AN T~ AT MVHIE THB
MERHEEBIT, B, HDHVITE LY E L%
D AgNP [ZHART, ROREWRERED M>* A4
75 AgNP/PMBA R0 - M Tz (F 1, M
4), BLRZRANZ LI, 20L& AgNP [ D PMBA O
WFBRE, MY, M A O EE AN B2l D & X
2, R&ERT~v AT MVEERBRIS -, 2
%, BEOLBRBAT L DORiAKFIE, PMBA &DAF
URHERRIZE Db DEE 2 HIVD,
4-2) TNAVEE, TR FFERIZ OV TOR R
AgNP k), (DITOWT, LRtofERI%, T
FEIRIZWINZ FF OB BB AA T2 Tidel, 7
WAV EBAT NTHEH TE D, FEERIZ, Lif, Na',
K, Cs*, Mg2 7207 V&g, 7k HH4 )R
WZHiE AL, AgNP R ~DOfifiE %, ICP #It0HT
K OUKFIEBAT > DT~ AT MVRIEIZ LD

1 ERUIGEEICPHMTED LEE

| |AgNPE@EME|  Co* | Cu*
ZIRIR BERAL 3.9x10° 3.7x10°
1R Pif i 3.5x10°% 3.3x103
PMBAI& i 3.2x104 6.5x10¢
ICP BRZL 3.7x10° 2.4x10°
B iE R 3.3x10° 1.3x10°
PMBAI® # 4.6x104 5.4x104

X 3 . AgNP-citrate®(= & AM*(aq) 32 £SERS

Trapped M* (ions/AgNP) “cale.: 37 X10° citrate citrate

Metalions  Subtractive abs. ICP-AES
(x10%) (x10%)
Co? 3.9 3.8
Cu?* 45 8.0

o661 lon pair
s | with Mg?*, Rb*

Complex formation
with Co?*, Cu?*

1203 | 1083
18

Isgrs (Cts

0 i 1 " " i
2000 1600 1200 800 400
Wavenumber (cm”') 12/18

4 AgNP-PMBA1=&AM*(aq)ili iR ESERS: 1A~ 5oL
Couea (M) NaOH 50 mM(pH~12)

R e o L B
| (3 | 5x10 —1% 10

356

Isers (cts.)

o X " P T 7Y T ——— 0, .
2000 1800 1600 1400 1200 1000 800 600 00 200
Waven:

i < || Sharp peak at 1425 cm(veeo.)
1x10+1| Shift of peak at 1582 (v,y,,), 838, 356 cm!
— lon pair formation of COO-...Na*
1| (supported by DFT calc.)

T, Zolx, FZEWINGE, ICP R HTIHS
WTRBELONTZ, AgNP ~D & B A4 Offifit &
1%, B—ZENIZHDL AgNP REDT =A4 L DR
T LK LT, 20 BHBUIZIE, AgNP £t
@%Lﬁﬁ'(%é?b(lgl 3), AgNP KT p-AVI17H
B8 (PMBA, 7 == /LD G F A — )L
H-S-H WA F L E-COOH #Fo4 1T,
AgNP EHZ-S-Ag fE A E TR L TH T WA T



D) EWAESEDLIENANTHLZ LD HIBILT,

X 5
PMBA =1 —RL72 AgNPGAEHb)) T, ik (a)&[FRIER AGNPRED/\O4 AL 1112k HM*(aq) iR ESERS-2
12, AgNP ZiEH:9 272012 10-30 mM OJEfEDT soor igh freduency (OH str) -
NAYGBAA L BUETBT2, FBIC, KIEHED e

Li* 3555  Fe 3536
Na* 3867 Co?* 3575
Cs* 3565 Cu? 3538

pH % PMBA @ pKa(=5.9) JVH&E<T2ILT, 7'm
ARBESE, INARFL— T =F L bTHILT,
FIR D4 JEA A LEEE 7251 TR HAE A3 B
%, M 4 [TFERTIORINARRL— AL DE
RENVSUR DS RAA L ZEIZEWE G2, &RA4
CORBITTEDLAREME A RN E LTz, 4-1), 4-2)TH|
ESNTBBAA L IREE, BIRKERICHEK L
+5L, RO E 2B, WA D NaCl BRI =
IR 2.7% (59 0.5 M) THY, Mg 0.13% (50
mM), Ca%" 1% 0.04% (10 mM) , K% 0.038% (10 mM)
LR TNDLDT, ZRHDAA 1L, BERE DR
B2 BLEES, K F 20 AgNP % JHUV Tl

|| Distinct vO-H in M(OH,),,
| | fordifferentM* and X — SIP
H:O

6
AQNPERE D /N\OFALMA A I & BM* (ag) i EESERS-1

Table T M2*/AgNP-CI
Low frequencv Raman able Trapped 9
0000

T [Vagc)] M Sub. abs. ICP-AES
. ) 1 e . _Euiimi M+ OH .t Co** 350° 13-10°
TE %ff%égkﬁ)ﬂ?éﬂfpo 8OO0 —Na (100 mM) 520 CF* 43 x10° 110
4-3) RSN KB AA L ODIFHEREE S BT Emwou :":m'm'o'-c"'m
Flocculation-SERS ¥£(Z35V T, AgNP 3 i D& & faf  aocol D5
Z 5.2 50 T FEFR AW (citrate™, as-prepared AgNP), 2000 4 4‘04 e
a7 AW (e AL E#L T2 AgNP, X-AgNP) {0 800 waumoer (om 200 550 zstricted rot.

R OF a2 PMBA7 =7 (PMBA-SAM
fEiCa—hRL72 AgNP, PMBA-AgNP) % VT, /KiA
R OBBIT AL O E T2, JElRLTE

0, IHERRREFEERIE+1 DB F 4T 10-30 mM, +2
fEDHF AT 0.2-0.3 mM, +3 fliDHF 4> T<0.1
mM THEZVIEDDZ LN -T2, T2 T, FRics:
BAZ NIRRT B EHERIS DK 55 T DR
HER T, TORER, X-AgNP Z W\ =L&, ¥
THI~+3 DT VAV & JEA7 2 (Li*, Na¥, K, Cs*),
TNH) LA TRAA L (Mg?, Ca?*, Ba?), B4
JBAA (Co?, Cu®', Pb*, Cd*, Fe*', Fe*', Hg*") 7Y
ZRFAF L L TIRIASHR 22 8ITpliBiLTz, &
NHDKFNE BA A1, 4,000-3,000 cm™ O %k
FEIR D O-H GRS, & <700 cm™ O £ fE ik
DEJBAF 2 &Ky F O IRE) F JOVE A R8N

Ko7~ R 272 (K5, 6), ZZ Tl
KRG EAA 0 O-H MfEIRE SURIE, Sv2K
31D 3200-3400 e DTN RIZHEARLHET 5
ROV (0 LF —) ZRioT0d, KT EA

Table low freq. vy, o bands

MY Vuome Vmow | MP O Vieow
(obs.) (calc.) (obs.) [calc
Lit 373 Co?* 520,454 700,550, 470,390 -y Jf
Na* - 400 Cu®* 540 650, 500, 430, 360
Cs* - 130 Fe2* 542 670, 520, 380

390 Str. M-O

T T, —RICABAA L DEIZ— B 4-6 [HD
KT ISP — A N & RA A EIT R

M C (BRI & A8 A AT ), Kk %
FERL TS, ZDbE, FUlE RO BRI (2 v
=BT OMEL, = A ) DRENEX, Koy
FALEOD VT2 IK Gy LR FBREE H B TE
72, BRDBND, Z DT KFIKS 10 O-H
BIEFRLRY, @B O —r2 52 %, KinegA
ATl BIRAA KT D3R DOINSLE Xt
Tl o TRNLAE B ZTERL TOWDATREME R B D,
B, P, (K EEIL T M-OH, O SRR
5 K OV HGE E AR ) (B 727K 25 Cld A H RS
o[l EEE T~ AT MU E RIS L0
T OIRENE—RT, K FREIBAA BN



BIRL TNDIDIT, BRAF L DOREIREED
TeDIZ B JBA A AT 2K F DEERED L0
M EDZAY (HRE)) LU TBUAIE D) DRI IIL
Too TOE—TWHIX, BRAF L OEBEEEZDE
TN END, FIKSy T (BK) ZEKICE X
72E, 10-20 em™ (K H 7 hLT=Z 80D, R4
Y ERGF D DOFER TR A B H L TWDZ EDNGEE
S04, SHICBBRIENZ 1T, KRR 1D
O-H {#fEEE U RO =280, &RAA4 D
FEEIIKEL T 79528, J O AgNP FKHE D/
a7 AL OFEREIRAFL T 7 M52 EE R
72 (K 5), 2, KFL7=& A48, 2 o
AgNP FHIZWAE LT a7 AT =4 O
FHHEESAL, AgNP @O LSP By 7 UV 72 XD iES;
WA 2T C, K&ERTI~v A BE T LTINS
i, ZoLx, AgNP-CI..H,0.M™..OH,..Cl..AgNP
DI BRENTE LS, CIT =4 & MM h T4
DN 1 BOKSY T3 ST R A 4
%} (solvent shared ion pair, SIP) ZEAKL CWNHZ L%
7~ (K5),

I THRLNTAERIL, AKFIEEA A O - &
HOPHTTZT T, KRR IZRLC, FLRER 21
ICHBRIZRV, ZNET, DB RAA4 12OV,
T THWRBRAT IR (K 1 mM) T8 A
D SIP BT D8V O, XANE X° XAFS
RE DB OIS T THHIDR 2N, ZHED
SERS 73t JHWTS, 70 F &m0V NS )3 &
W22 T~ o BEL BT I RE A B /NSRSy -
BLAT 22413 THREECTHY, ZHETIEEAL
WEBIDI2 Do T, WERDT~ 53 TKINE A
T BT H84A, 10 M LA EORD TEigED
KSR TRIT VR, T TER o7z, B8R 1
mM L~V ORI FE T D/ LTI DT~ A
IV O BN, AR E T, @84
RISy BERL DA% (solvent separated ion pair,
2SIP) R T AIL T ChHAY, ZZTSIPEH LT
T, KRN JE A A DTS LR O BIRICES
LT, HLWAHRES LT RREMER D, R2ITEE
DDHIDNT, SHITIRIRWARJEA A T2V T, KFn
KGO0y PIRSE) (O-H MiEIREIFS LY H-O-H

EAIREO/NSUR), KOV 1 FHRE) (R R
TN HE S OGRS IR BB — R DT <0 N R) 2
BHEN, TRHOEBAA L ORIELKFIRRED
DRI CELZEN BN /2o 72100, X51Z,
N ACIAFANTINZ T, FALT AMAF
(SCN") T AgNP HK[HI D Tl A4 % [EHA LT85
BT, ~a AL A ERIERIS, KFndEA A
VAL, 20 O-H fififfi, H-O-H ZAIREDT~
YA IR LT,

X-AgNP & [A] £k 12, as-prepared AgNP <°
PMBA-AgNP T, KR O 4 JE A A LEER
(citrate-AgNP & Co?*, Cu®', Fe**7o L) k352 L,
BIOU A% (citrate-AgNP &7 /L V4 @A A 74
E, L PMBA-AgNP EHEJAWERA A ) ZTE R
I5ZL%, flocculation-SERS 1% W THEN D 7=,
FERRIZ, AgNP R\ AL =, KD
PMBA DT~<U AR_TIVH, &JEA 4 LA
TEH$AZLT, BEOE —I7 DL 7 oL b
PEONRESELIZ (R 3, 4), ZDOZ I, Frox 236
FE1L TS flocculation-SERS #E723, AR H DG
& RAA L HAHIE R CTED LA T 5L b1,
RBREIRDEBAA NI ST, BIRAITHRE - W
TELAIRBMEA W T 5, — 7T, X-AgNP L3572
v, as-prepared AgNP <° PMBA-AgNP Tl, & @14
VSR B SN T2 DH D OEBERIK Sy 113
HEN2 D oT, ZO 8L, KIERF D& RAA4 D
IRFIREIE D22 TEVED AgNP DK i LA FRIC LD K&
SEIRDAHEMERLTRY, 4% 5 SHEMatd5
FHETHD,

LLED EH1Z, flocculation-SERS 1EI2XD, /KIFIK
HOFEL DERBATEFIRL, ERSPTEEBIZ,
WHE O HT CED B AT, E£7, fliHe - =057 B
%D AgNP KD DEEA A O FEfiE - AgNP
DUY A2 )V% pH il TEBLTELHEBZHILD,

(5) 7= B ITTIEIZ LV IE AL 72 AuNP (as-prepared
AuNP) 2 T8, SPIEIZEDIERL L 7= AuNP (SP-AuNP) |
SAER T OE R 1Tt - R

AR, WP ORI FELT, ERNTTH

% DNA K O'RNA # ATk -7, Zbi3/hE725y



%% 2. Flocculation-SERS {EIZ LR S A7z K Fn< J& A 74> D MCIY, MCly, MCls 728 DEETE AT — 2 &, Kor DT~

INURDOE =B D EED

Metalions |logki logk: logks | vou(cm?) v, dm-omz (cm-l) i
Ag 304 200 0.0 /3560 /\355, 443 vaga-228 MEJA - 855U, BMAE—2
Cdz 2.00 0.70 -0.59 03543 A340, 440 +NaCl TE#/\Y FHK - RERT
Co? 2.4 - - ©3572(s) ©458, 518
3596,
3500(sh)
Cu2 0.0 0.7 -15 ©3555, ©453%, 421* +NaCl TEE I/
3515
Zn2 0.5 0.5 1.00 ©3593 ©391, 438,716 | +NaCl TZEIE Z </
Mn2* 3.85 205 -1.36 03540 ©599, 464 +NaCl TE#H D/ F
Fe3* 1.48 0.65 -1.0 X bulk ? +NaCl TZEIE Z </
Fe 1.90 -190 - A3420, A440, 534,687 | +NaCl TZH# D/ K
3550
Hg? 6.74 648  0.95
Pb2* 1.10 1.16 -0.40 Xbulk vaga #8330, +NaCl TEE T <,
A+ A3560 A355, 443 vagcl BARE+355, 443 1555,
Li* X 3420, A438 vag-cl BAME+438 4855,
3250
Na* A3574 A359, 444 vagcl BARE+359, 444 1855,
Rb* X 3420, A353 vag-cl BAFE+353 1855,
3203
Cs* X3430 bulk | A347 vag-cl BAME+347 4855,
NHs X 3416, A349 vagc243+349 B33,
3242
Co? Cl- (03598, O518, 459 NaCl (2.6 mM, 30 min &) + CoSOs
3569 (4 mM) =CoCLFEmE R L
Br- 3565 ZHINE—Y NaBr 30 min + CoSOs (Rl L), %%
E—o
I- NG 2HINE—Y Nal 30 min + CoSOs (Bl E), Z%u)
E—5
Na* Cr- 03560 ©3565* vaga 240, BRDINE—V BRERT
Br 03572 ©3556%, 3520%, | vags160*, ZHUINE—5 SREHENM,
3350* &WYorv—7
I A3574 A3534* lvagil14*, ZHUNE—V REEM
Bulk water 3420, 3242 3420 HAK Y 5& LN

OWHBE, ODVRIARE, ACCARIARE, X7 R R D I,

T THDHN, — RO BRKFPIIEOFR - FRIC
SOSN8 EF/HE 1 (TEM B, B

*NaCl(5 mM, 30 min.#& )+NaX(X=Cl, Br, I)

EMNSDRYy, T ) —)b, IRIVLT LT ER) EFE
BREOREX, HULEEE2RoLEbIc, BARMD



EMD R FETCAELDEREG S FOET VLT K8
HheHE 2 0ib, ZZTIEET, as-prepared AuNP % H ¢- potential of AUNP

W C DNA KT RNA HED flocculation-SERS 1E(2k (1) AuNP suspensions (citrate-reduction): covered by residual citrate
-45 mV (natural pH), -49.9 mV (pH7), -33.4 mV (pH2)

5?@?&@’;{:’,%&??07”:([2] 7)O Z® as-AuNP i@ﬁ@lii, »Protonation to -COQO" groups in citrate
Citrate anion Citric acid
BRI D RN & E5 7 = B LA 28 {7 g oreeoamen §E g
e LTS, CREACIZE 2K pH(~3.9) Tl3Z-45 mV T O”J\_f/ 6 — Howw
o] 0 HO N

S;DD s ﬁ?‘l\i pH ("’2) TI¥-33 mV &iﬁ@%ﬁyi\/%T: (2) AUNP + before (isolated) and after (flocculates) addition (?T’DNA bases
FLDF) 13 BT ORAEIT BRSNS (F 8). A c 3

- — SN N isolated flocculates isolate flocculates " ’ e
DNA-RNA HEDIETF=2(A), 77 =(G), “h e foclie hoad foomee 3 _w_,_;@
2(C), F(T), V7L IL(U)DIB, A, G 1F7V pH2 | 49 347 | 352 317 pem O E

1) DNA bases partially remove (replace) citrate at pH7 Protonation

(Pu) f)%%?ﬁ-j‘é;{:ﬁj—]—ﬁfj@:j(%fiﬁj\%f&)@’ C. T UIZ 2) Probably, adsorption of DNA bases at pH2 is disturbed by citrates _ pH2
> — Intrinsic adsorption of DNA bases can be obtained using AuNPs

EYI DL (Py) fﬁ@/]\éiﬁﬁj\%f‘gbéo x5 iz, A G, C without having surface residuals — Solution Plasma (SP) method

LTI E ((NHy) 25D, pKend JOERMEMITIET

TR AEIMA, SRR IR 12U TR T2,

T, U 1320&57 7 nb gtz R"S T, FRICHW: 9

=3 A Sy ML
BEIAVY pH (1<pH<8) AT, HHEFLLTHAET D Critical concentration for flocculation (ccf) at pH7

(R 9, 10), ZASLOHHESY T3, THLF—f25EE A .
DI T-BEDT bk B BMRE2AH T 5, Tk DNA/RNA bases|  ccf (M) w 0
AN AN
pH(7)CIE DNA HED55, A, G, C 78 10 - 107 M @ N e | VS T
Ry N Hy PN "AH‘N
(VT AgNP ISR LIS S —F T, T, UL N T
G 1x10% L with a p_rlnjary amino (-NH,) C
10 M &4 100 fE 50 IS LA SRR E B2 andan mino N goup
ZEDRABNTT o7 (B 9), SBIT, pH~2 OREPESME c 3x107 fo-100tmes | |
= higher fcc S~ N0
TIZA GIE10"M,CIZ10°M, T,UIZ10° M &, —#k& . :
T 1x10 without =NH, group T u
T FEEEBITER O RE SO SR E 2D T L i i
MO AN
HZLE L (B 10009, 205 PRI fEA? v e L X
- N =g N S0
U7 T B2 G R 1T, as-AgNP TOFFHE - W&, Hi . a
X 7 & 10
Experiments Critical concentration for flocculation (ccf) at pH2
1. Samples 2. Extinction spectra A (v
.1)AuNF: citrate reduction, or solution plasma (SP N ' gisolated DNA/RNA ccf (M) , , _.
2) AuNP suspension + DNA, RNA bases = 1 bases -
- pH adjusted by NaOH, H,SO, E Poccuiatel .
- lonic strength controlled by Na,SO, _g - foumedtsp) A 2x10" T
Aune Imgfii E :E flocculates ! | \“ G 3x107 l 100 times higher E‘;
i \ ] Wavelength (nm) = L2
;ﬁ:te:: or el |/ having only an -NH, group L,
3. SERS spectra structure & orientation 100 times higher ~.
[mm] of DNAbases | 7 no°
CCD'.:.,.\,-? AE e pases @ -t r \ |“,‘ T 2x10° without having -NH- and >N groups
BT o e 3] v - T 1 U
JJ ND 7.r|,& —f U 54107 5 \(| - \"TH H_, \"IH

Wavenumber e}



FOr 1Dk T3 ((NH,) A/ 5 GN) 2L T

IS AR OBNLFE A TEREEHIT, FETESIE T
2R AR LD #EE Eﬁ*ﬁﬁf’ﬁ)ﬂ#@]b\fwékﬁ%
IR TED, SERS AZMLORIEREFIL, Tz L
TV (R 11, 12), ZZTHESH ISy 10 SERS
ARTIL, ZIEND IV TIAIREED
IRV EIE, BERSHEIEL TWDAS, IR —F D
BB O 7 N E OB, 202
Ll AuNP EHEILSy &8, MR Z R &E7eb O Tidewn
N, AEOMAEEREFESZLE LTS, 77,
il 2 D HIEFMARSL, DWW AV ANDFEDTD
2, — TN EREEZ RO L LIIREETHD A3, H
TEENTZ SERS AT MUICEESWT, DFT &I DR
F T~ AT IVERS, S s EROT < HIE,
HAKFEHRAEOWNE, LA D flocculation-
SERS HITEEATV, fENTAZHED T2, ZORESR, AuNP
i CIXEB O T b BERMERDOFEER, Hl21%
pH<pK. TH 7'\ FARHET R/ — D3 =01 —

WX BINHIES DD, TR D pKa DD
TARALITORR AL AL, 7T = D55,
pH<pKai (=4.2) TIX7 2R AAFINA, pKa<pH TIXIZIE
pH>pK. (=9.8) L[S D T b AREEL =T 5 =07 =
F U DAV ELIT, ZOFEBRFERIZFEDSNT,
i % DREIEIZDOWTITH72 DFT BB
HECIVEON-BGH T~ AT ML EERIEED
RS E, pH=12, 7, 2 T, 221X 13, 18-20
ORISR E NG EE 2 NS,

&5 as-AuNP EH OV T FRFERWY, IO
PN A IRREIC L CE AN .2 The
EZHND, OV TUTRFREEYIX, as-AgNP LT #70,
NOFEACA T TINTTIRBE R TERN D EZHERL
Too 22T, 7T U R ITIEIZ R D2V AuNP GakiE%
FWNT, K0BRA7REIR OGS Tt - W& O

AIREMEERRET T D72012, Y a—tar 7 IRk k
DR L7= AuNP (SP-AuNP, EBR 7155 M) % T
as-AuNP R E[RIEEDHIEZTT>72 (X 14) . SP-AuNP @;’c,
H oA pH (~5.17) TOL-FENLIE-50 mV & as-AuNP &1
[F%E ChDA, pH<4 (Tl xpEa L2 (B 15,
as-AuNP [Z0CCEN MK T 5D A TEELRY),
AuOH [ D2 FEANT AT (isoelectric point, IEP = 3% [ &

T AN

X 11
SERS spectra (adenine, guanine) — g:;
C=0 C-HN-H,C-N  Ring Breathing Mode  Au-N, Au-Cl, Au-O
20000 ! L T T T i

Adenine (A) 7

SERS s p ectra (cytosine, thymine, uracil) —F7
(o] N-H,C-N ng Breathmg Mode  Au-N, Au-Cl, Au- 8

= — Cytosine (C)

8 2l -
ob— — & -—-r—n—J"—o—J\l’_/
1800 1600 1400 1200 1000 aoq 800 400 200
- s p Wavenumbaer (cmc1 B 5
‘I:IH c — MG J + T Ho w U H -
(L L=11 = _ =0 |
W P kaa ¥ ° Bk WO W Cpka W0
X 13
Adsorbed orientation of A, G, C, T, U on citrate-AuNP
at pH < pK, (~4) : at pH > pK, (~4)

via—=NH: and >N
+>NH" + steric hindrance

via=NH; and >N




X 14

AuNPs formed by SP method

* Fvaitage M ‘:urnnll
\unm/
\

plasma

SP method

Pulse voltage, applied to Au wire
electrodes with a separation of 0.5 mm in
5% H,0, solutions, generates plasma
(radicals and electrons) in bubbles
yielding AuNPs, whose surfaces are
possibly free-from residuals

Matsuda et al. Mol. Cryst, Liq, Cryst,
2017, 653, 137-143

Comparison of AUNPs

I citrate 1of 520
SP SP
3 5 reduction ] citrat
Eg,, _ pH y 517 3.92 3“‘
A Z-potential* N H
& (mv) 501 -45 &
L. Size (nm) 10-20 30-40
0 'fmm:g‘ncm: C i
oncentration 2% 10% 4% 100 y
(M)
* at natural pH, 'suggesting ionic surface residuals -
15
Stability of SP-AuNPs

. . . at the same ionic strength (1S=0.01¢
Stability for aggregation at different pH

pH 5 (natural) pH 4 pH2
°[eomted ' —o °[Cisolated T 0! el L.
soae —0m —om aggregated —o0m
g L (ccf=10%M) {g pEo7 o] g | 99979 )
< 2 \ \ Wm| g
N —80
go Eos|- \/ " Sos —
d 14 N1d
pob——>_ o 1 . 1 oob—a L o 1. 0.0 PR T B |
200 400 600 800 200 400 60D 800 200 400 600 800
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Van der Waals force

Protonatio

SP-AuNPs aggregated at pH2
g # z ‘baggregatqu-s I:r: Q.at pH2

|IEP (isoelectric point) of AuO, is ~4
— Oxide (Au-O’) ions adsorb on
AuNPs, which are protonated at
pH<4

Isolate{
" at pH>«

5x107 M* at IS = 5x10¢

FEAY 0 12725 pH, pH<IEP TIL 7 b AHIMAR AL )
W~d THHZLHGbETEZHL, SP-AUNP X
AuOx BR{b#) (pH>IEP TliX, AuO 7 =4>) THEbh
TWDHHLDEHERIXILD, 2, SP-AuNP A RRIRFIZ/K
WRIR B LK BRI T2 EE 2 b, 20
SP-AuNP £ H DER{LMIE, as-AuNP L1350, o
AvWERL I RE T o7, EER, SP-AuNP 3 HUK~
? NaClIANT, HbwiE# T 5L, pH~2 THELEL
W ENHEND DI, ZDIH 7R %ZFF> SP-AuNP
Z T, DNA-RNA R OFE - W MEE T <7,
FOFERIE, BEAMIZ as-AuNP LIFIZFREE CTH -7
(% 16) , SEBS, pH~2 TO A OITHER I 1T

X 16
SERS of adenine on citrate-AuNPs and on SP-AuNPs
— citrate-pH7, — citrate-pH2
—— SP-pHS,

SP-pH4
|

g

g

Isers(ClS.)

SERS spectra on SP-AuNPs correspond
well to those on citrate-AuNPs NHz NH;

neutral A at pH 5
N PK.42
{prolonated AatpH 4 NT | N\ — HNZ \
Adenine adsorbs directly (not on R > K | >
residuals) on Au surfaces! N \N

X 17

Replacement of oxide layer on SP-AuNPs with chloride
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Summary

Purpose: It is crucially important to trap various metal ions such as Na*, Mg?*, K*, and anions like CI', Br" and
SO4* from marine water to exploit marine water as natural resources and to remove pollutant materials for
environmental protection. These metal ions and anions have been collected using ion-exchange resin and
ICP-MS analysis. However, they in general need pre-treatment for water samples before the process. In
addition, they do not provide detail information on chemical state of materials, for instance if Hg?" ions
detected are combined with organic molecules or not. We have investigated flocculation-surface enhanced
Raman scattering (SERS), in which the surface state of metal nanoparticles (MNPs) are adjusted to form
flocculates by diminished electrostatic repulsion of negatively charged MNPs, or by forming coordination
bond via various organic molecules to utilized coupled surface plasmons between flocculated MNPs for
highly-sensitive Raman spectroscopy. Here, we have investigated to establish the flocculation-SERS to
apply to trap and analyze materials contained in marine water samples.

Summary: We have proved that Mg?*, Ca?>" and SO4* ions in addition to Na* and CI ions are trapped and removed
from marine waters with our flocculation-SERS method. Also we confirmed that other metal ions like Li*,
Na*, Fe**, Cu?**, Mn?*, Zn?" and NH4" can be trapped by condensing natural water samples, for instance to 10
mM for monovalent ions and 0.1-0.3 mM for divalent ions. We also succeeded to elucidate solvated metal
ions using flocculation-SERS. In addition, organic molecules like DNA, RNA bases were quantitatively
trapped and characterized by the same method we developed. Furthermore, we found that coverage of
surface residuals like citrate anions and oxide layer can be feasibly controlled using centrifugation and
re-suspension in pure water, which yields lower surface potential and higher bare surface area of AuNPs.
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