BhpEs 1415

REIREDT=ODHEAL TN LEH — R k%2 TR B A4,
HERALY, BEEKT =24 L OHEFEY)OFH DRI - Br BB

X B

B ER R T e

B =
1. AREM-RE

BREG Y DR R L7 DU S B A | BB AA | W T =4 RO EA WA, AEM A FFo -8R hL
T (AgNP: HEEEY THLI LT =A<, AL Y MU X0 b CREE D E B L7790, A%E
Ttz 59 %) LOFHEIIF AAE AL FWAEZFI L T VGG 37K - 7K B ONG G B BRI L
[FIINELZE BN oy BIEBR 559~ FIEA BAFE T2,

2. EBAE

AgNP (28 15-20 nm, KL 7 3.3x 10" /L) 27 =R ek KV A R LTo, AgNP RiICWAE L7 = g7 =
FroOABEBMEALMLIE OB OAEMEHNT, HDHWIE AgNP O FF]H O 72D 2 PMBA
(p-mercaptobenzoic acid) . PATP (p-aminothiophenol) 72 D F74— /LD SAM % AgNP FEIZFEKL ., ENHDH /LR
FUEKOT I EOT a b ARBERRE (PMBA T =74 ) K OMSINRHEE (PATPH I F A4 ) & IR P O8I TF A K
W7 =A LOFEOMAEEREZFRIHL T, AgNP 23 H T, TOWRE, OHTRIRAGAREZEZ 72035, AgNP D
JRTEFH 77 A€ I8 (LSP) % extinction spectra JlTEIZLVHIE L . IINLIRRENSUTBEIR BETZ k)3 s F 25 i ST H2
J# (critical concentration for flocculation, ccf) Z M HL7=, ZOW L IAIR P ORI ZRA A D AgNP ~DOW 75§ %
WD, ZNE RIS TR E LT, Fi2, THELTZ AgNPICE ENDEIR/A 0T =40 OIFAEIRRE)N £ 78
ROEBAT L R OT =A% Tz DIPHFEL TS flocculation-SERS 43 YEIEIZ KOS L . A AL OBl & Sl FE R
REDIEAT AT,

3. faREFLD

AgNP @ flocculation {£EZBAFEL . 23 t1EE flocculation-SERS 73 JGHAIZ D)

(1) as-prepared AgNP Zfli L C, IIETF D48 A F 4 ORhRAGFHIE (2,000-4,000 {E/AgNP) & & B/t a EHIL
7= YA EHAL 7= AgNP THIRIE RO BT,
(2) PMBA-SAM [z =—hkL72 AgNP Z MW T ERP OB T A4 ORI & E &I LT=,

As-prepared AgNP &2 E [FIFREE O 2= 4 FEREL 72,

(3) PATP-SAM =—hL7= AgNP &\ C, IR O T =74 ONZRIHHE S & BT, IRIE T & LT,

L ED#EFRD, as-prepared AGNP &6 2T =A L MF 4 — /LT D PMBA-SAM [} N F- A AEF A4 — LT
PATP-SAM fIE% AgNP EIZFER T 5ZE T, AFELFREEZEORIRTPOESB I T4 L OMRIANT =4 D/ —n
VEIINCEITHEREEZ TR T DI ENTE DI L, RIS T =4 FOFAERAES | flocculation-extinction A
VR floceulation-SERS 23 YEIEIZKVEERIIC 0T CEDHTE, SHIT AgNP O FRFIH ATREMED BB E72 57,

4. GkEE

-137 -



Atk FEROBREDK (BRK) LSBT OEREAA Y AHEARD T =472 EOHTTHEM T 52 LT, KL

FIFATEZR AgNP (20 =RAY7215 Y E DS L 1E 8oy

5. &3k

PR EHTELHTHAD,

(1) M. Futamata et al., Physical Chemistry and Chemical Physics 13 (2011) 12454-12462, Journal of Physical Chemistry C
115 (2011) 5271-5279, ibid. 114 (2010) 7502-7508, Journal of Raman Spectroscopy 44 (2012) 406-411.

(2) S. Handa, Y. Yu, M. Futamata, Vibrational Spectroscopy, 72 (2014) 128-134. FRm#F5~ 34 (2014) 345-350.

(3) T. Mukaiyama, T. Yajima, M. Futamata, Electronic Journal of Surface Science and Nanotechnology (e-JSSNT) 13 (2015)

223-230.

(4) M. Futamata et al., Faraday Discussions 178 (2015) 203-220.

1. IR EM

BREG RO RN ER D B A A4 | e B A4
VLERET = A R OVEEAE)E AR TR
FLUT=8RF 7hi1- (AgNP) | kTR 2 (NaCl) ZLER I
IVEOREEE M EE LY CEBLIZ AgNP, L OF
F—/ARFELT- AgNP LD B BRI BAEHA L PR AE &
FIHU T, 1GY )1 - WK = WK Je O G HIRED B
IR L . [FIRFICE BrI o BERR 2572 Fika B %S
+%, BARIICIE. RD1. 1~1. 3DEEBYTHS,
1.1 BSEERORE

(LB TTIC IV AR L 72 AgNP, 1% NaCl ALELL 7=
AgNP ZE#E, F7203 p- Vb 7 N2 B (PMBA) Sy
FIETEMLIZOL, KK OEL D L (BCs) AR
T A (O0Sr) ZE O NI O R WU S B A A 43R
REREBT D, BRAA % AgNP ER A B E21T.
TahfEBEL 7 PMBA ™ A4 EOEEES | JTIZ L0 R
T 5, ZDLE AgNP 3L | ) ChEE - LT 2D T,
D BEREE T, BTCs™R0 OSrH Al L7 AgNP Z'&
IRFAD DB - R ET 2, BRAA L OffifEh=REL T,
AgNP YA R R 1 HUE FE D RAED - 72 BEFR A (~2
mol/AgNP 1Kg) @ 70% (=200 gCs*, 130 gSr*>*/AgNP 1Kg)
HEET D,
1.2 EXRORE

H AR HEEO B BTG, KRR E Tho TH AR
RICERL, 28 NI 526 C, MIEEMICHIE
AN B T-Hd, AR T, SR 7R 72 VT
B AR KL O P? | Fe¥' Ni2', Cr'* RE D EEE
A BN - PR E T D FRIEORBE BRET
%o BBAA L DORRNREL T, HEHIE (~2 mol/AgNP
1 Kg) D 70% (=80 gFe’", 80 gNi*"/AgNP 1 Kg) % HiEL

T2,
1.3 AEAMYMRUERT A DBRE
PESEFEIEN), BIET B, LHPKEITER T % PCB,
DDT, ¥ A4 F Ui EOFMIL, BRI oS s
AEMBRMEICL S TAERLAERBRICEL BT, BF
& EEIZBWCL, BUECHOERAZMEL [ ZE LT
WD, [FIRRIZ, EfiE, 70 LfE, LU R%E DR E A A
AATOWTHETT %, BilEwE (~1 mol/AgNP 1 Kg)# H
FEEL T, I TR A PR EIEZ N T D,

2. ARA*

NI i S R SN o i AT el Oy sl O N VA% 5 S Bl
LC, R O5HT it 848 % AgNP @ flocculation
IZEOFRL . 20 PR LIRIRF IS E R 3528,
SO RO L IRAE 3 HT4 flocculation-SERS 4751
IZED @R TITOH D ThH D, BARIZIE, (b= T
AR 7288 7RI 1 (AgNP) | HDHWNIE DR T AT
TEHAL 72 AgNP DA EMEHE B IO ES B A4
BT A AEAES 2B AR RO,
LRED INSLE T X KDL S TR K Btk g
(flocculation) ZJERK§ 2L T, it T2,

ITHRIRETE A% AgNP O JfEZR 77 A€ (localized
surface plasmon, LSP) J:0f% extinction spectra Il 1250
9%, UrHE AgNP [BOHE RS2 F L T gaEn
HERE T~ o JGIEEATV N, kB SIRB T E 2,
SHRAEIT, UTHE AgNP SR Ty BESE 2 XD H SRR
HERET DI,

F7o. AgNP OFFIHEITHIT=DIT, AgNP K ZHlE
HEFFOT A — NN ESHE, WVRF ST S
FIRALCWIRT OAF AL LT =4 i35 5
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BEIZOWTHIEETT 5, BARRIZRBFFENZIE, LU T Ol

NTHD,

2.1 ERAFUHIRIEDREIL

Ol St O e : NaCl B #aL 7=¢R T/ ki DI
WA R FREERS FOFEEEE  FHEVE - BEEMED
BARAFELSHRHTL | ol il Sob 2 724, R/
BRI BB A A L BRI E T~ i L, /K
72 E OIFAERRERTR VA2 fRAT L L fliEE R DU
AT,

ORE RHIHTVE MBIV BE D SR A A IR KT LT
I RO ERNEL ICP LT CHLNI T2,

QFFIANE: GBRAA L Z R R IR LT=0b | %
Dy BECIRME LT8R T 2hr 70 B D pH % R, BL
RN AT HZET, BRAT L EVE
TR~ T 5, F OEIROEBEFETIZ L DI,
15 YR D IRFEHII, I TAEE 5, $RF k10
A AEEZ DN T 5,

2.2 MEMERRUVEERAA~DERA

OIS BAA %, BRKBLOTERG, 3 5R
IR\ T 5 FIEO FaEA b 75 G T O RBRK %
WHA~OREMIIZOWT, S&BRAA U O FEL

AgNP #INE KT P A X REERT AL THIEL .

S S A AT,
QELJEAA L OMIIEDOHENT : HAJRA A% NaCl
BRIV B AR ORT TR, R OVR
RAROFL— I RTF A — /L EMILT-8RT ki 74
W, ERFERY M OB RIFE BRI RO ER L L 30
SBECER L5, NI iR IE A ML T D,
2.3 BEEEMYMRUVERT -4 ~DFEA
BEFEHOLLL, TI/HHN AT ay
AUWIEFEEZH L TCND, TNODOERERIL, 5 -B5E-
N RA-OINLE I L DENFE A TR LD, 4
BT R AL TR T AME AR O, o, ZHLDOE
REdE~O T a AN/ fEREEE pH CHIBIL , A0 1-I21E
S ADEMEN G TED, ZNODOWBF LA E % 7]
RALT T b, AEARD T ROET V%
BRI A (FifE) S5, b, 7rilk, EL o
DA EMERET =7t PMBA D732 PATP (p-73/F
FT7x )= ) HNHZET, BRAT L LIRERICHIYE T
&5, T—HRN—=RE T iU A E S A4 %

FE R T~ 2 AT ZDRRIL | [RIRFICE BTl bR
BT DIEEMESLT D,

3. ERAE
3. 1 $RF/#iF (silver nanoparticle, AgNP, $X¥}(a))
(OHEES

AgNP |37 = R TTIRIC K0 A R U2, R80T
VA B BICEELZRENO SEM HIEN D, 15-20
nm Th-o7-, HHENZ AgNP FHEIZIT7 =W K OF
DI THD a- I —RU PR AEL TRY, f
RIIZ AgNP (FAERAZ AL TNDHIZOIT, KIBEKHIZ
ST, B HIZHOTe 0k 5287 REITIRFFTE
%, AgNP DR F IO W T, AR L=
AgNO; 3T~ TEULL THAL 15 nm D AgNP 23R L 72
EIET 2L, AgNP @ extinction F8 % (absorbance)
DOEHAT D 1ERE T, BBHAIR P D AgNP R
ZRFED o7, SDAVERERIL, L 1.9X 10" fE#/L
&£ 33XT0"E/L THY, ISKHELTAE RSO T=, /i
FIRRRLDIZHIZDIE UG E=100%E L7225 T
HY, ZOfEIL AgNP KL -8 D ERE 522, 2T, 2
ZClE, %3 D extinction spectra 75 HLAEH 72 fE 3.3 X
10"E/L %, FA— L OREEE RSB BAT L KT
=F W=,

3. 2 {LZETETHAMLILEBF/HFADFA—/LO

—k~GEH(Db))

3. 2. 1 p-AILHTrREEFE (p-mercaptobenzoic acid,
PMBA) B 2 i #8i 1t B 5 F £ (self-assembled
monolayer, SAM)

PMBA-SAM &% AgNP K EIZIEK T D720 1C,
PMBA /KIEkZ I FNE (pH~7 > pKa=5.8) L, H/LARF
UNHEE T O RS T DT L CIRRE A P, 107 M
D LR I E O PMBA KIS Z ST,

(i) Pt pH T PMBA 7 =AW AEH DT b AHN:
AgNP 23 B, pH=7.0 ® 2x10* M PMBA /KI&i&
ZEANL, 1 FFEIFRHE LTz, £D&HE T, HoSO0s ZIRAN
L ORI it (pH2-3) ICFR#E L | W& PMBA ~0
T ahATMELToT,

(i) BaYE pH TOZ' B AL PMBA 55 FDOW A :
AgNP 3 #ice, pH=7.0 ® 2x10* M PMBA /K&K
ZINENUT HoSOs ZIRINL CIRIR Z et (pH2-3) 12
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FHEEL | 1 RpfEIERIE L7214 . AgNP 43 ik PMBA 7K
TR AIRA L. AgNP 22 PMBA-SAM [RZTERL L
77
3.2.2 p-7X/FAT7x/—JL (p-aminothiophenol,
PATP) - B 2 #H#8i1L B 5 F % (self-assembled
monolayer, SAM)

PATP-SAM fi5% AgNP (ZIER T D712, Bettgett
(pH=22 < pKa=6.9) T, 1.7X 10° M PATP /Ki&iZ %
BL7=0b | pH Z[AERICHIEIL 72 AgNP 73 BUKEIK LR
A LT GRENe)) o HlED =012, pH=11 > pKa DT
8.6 X 10* M PATP /KIEiRA L | [FIARIZ AgNP Z3 UK
LIRAL. SAM A TERL 72 GRUEKA)) .

3. 3 FABLI-AGNP [C&DBERP DA DR -1
H
3. 3. 1 AgNP i#@a), b)Z&DERBAA L DR &
H

RO AgNP KifilL, 7= BRFREIEDIN TN, 7
T BT R DB A LS R O 4 B A T DR R
HAERZFRIHL T, AgNP TEIBAA T ZHiE 35, filife
ST BAA L Z 72N - ICP F50 ) CE &Sy
MrapEEbiz, Fx DRAFELT- flocculation-SERS TIRHE
T D, ZTTIR, ZOFRIHTIED S HTRE ) A IS
(2T 27O, TABVEE, TAA) TSR, BB e

2
B LW ST A5 (=2, 2 T, 1 A ) O B

2B D&EIFAA L H AN, IBEO R DFE A D4
JB& A DR YEME% | extinction spectra I EIZ LD |
flocculation JERKIZEED LSP LI 2A~27 ML ZE(LIZ RS
THEHTLT=,
() 2L RA A DO E RS Al
—RIBERE AR A A TIE, KRR R C R AR AR
RN — 2% FFo, BlZ1E, Cu? 4 1%, 770-800
nm [ZE—2%FF d §uE EG BRI BRI E
BT D, o AL DEBERAA L, FHE~55
HHNVE pH CAKEBE DI A AU D, FIZIE, Cu?*
X Cu(OH)? DL 525, 20 & X IR fif L
Ksp(Cu(OH),)=2.2 X 1020720, Cu* =4 X 10* M ®
L& [H> 1.5X 107 M TN Eib A AU %, stk
PECIEHEONEME T HHOD[Cu(OH) 728 ELTHE
Tz 35720 AmERTAH Oz AgNP Tt 352

LITXTER, 22Tl S9N — SR CIEE
WiEHTHKFEBEB T A%, 7T TR
IV AERZATD AgNP THIR T 5, FHHERTHR O
BB BIROWILA T MVRITE D 7% VT, AgNP
~OWFE A ARG -T2, 7V V&R 7 V) B3
EROLGEITIE, O pH IZOWTORFIE
DT, FNHOHE R pH filAEF I =,

(i) ICP (& A7 &k & 77 X =, Inductively-coupled
plasma, ICP) 2341 : 7 /L2 7 AZE PSR T C 1,000°C LA
LoER RSN TR AL DFIAT L
(it B T-IRE S SEEIRRE A~ DI AT ML) 2 A
AL CERGHTT D, i34 AUITICPZ WV, £
DI EEEIITZEERSHTT 5, ICP H3ATILE &
SIMTMEZITEAL TND AN, AR - IR EE RS L O Ri
RUERRC | BEJNIR FEAS YIRS LD 1 Al o0 I B 23
FCHY | FEE B AR EAMCRHI ARGV TV D
EORHREES N DD, 2T, ERINYHIEICLD
HIERERZ ICP 0TI KOHERS K& T 524 T,
ZEWM G SEIED G N A e D T2,

3. 8. 2 AgNP FH#(c), (I=KBDBRFDT—F> D

1R - 1
PS5 C AgNP £ i 12 PATP @ SAM JE& AL T-

AEHANE (PATP DT /51X, 7R AIML-NH; &L T

TFAE) 2, T=A42 £ LT HyS04, HCIO4, X% NaOH %R

L. extinction A~ MUVERIE LTz, ITERREEDTE LS

A= EBHI SUNT SERS AT MUIIERAT Y, fE(ER

RED 3T Z4T 72,
3. 4 FDTD #IC&PREREISAEVHEEEHTEVS
B EIG RN

I TR A B LTI ) CEb NI A
WA T 5 AgNP OB AFENZFAL T, &
WBRHROEBAS MR LR T 572012, AgNP 28
flocculation Z TR L 722 L% extinction A7 MLHIEIZX
DD D F 38D, FDTD {4 (Finite Difference Time
Domain, FFfEISEIRZE/3E) 13, (BB OIREET 5T/
HEERIZ AEERL — A RS LIZREo> | LSP 205
WU - PEHCEL (G2 7B Ys) 7o S\ KD % T /i
(SURFANGIAD #Y AWV SR CUKc 2 - REER" Ll Vi TRt SY N
Maxwell D85 FTFRAROfRZEAEFHFIC IV FHH DO TH
%o ZNETOMIET, FHRBIROB/NX Sy (A=, 7
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U R) &+ S (B2, Znng35F s A X
D 1/10 FREE) 2L T, MRt L [ O FE EE CIEMEZR
IS E D ELINDZENHLIL TN, 22T, isE
AgNP BLUNTHE AgNP @ extinction (=PRI +HLELIZ X
HANFHEDOWE) AT WV BRI AT D, Tz, L
TR ki RNCIR SR A A RN H 2 DT~
AT MRAIEZBL C, RE D7 B b AA
RBBAT L DIARIRBEIRIT T 272012, Iy T LTz
LSP HEHRIZED T /¥ vy IS A S T A fR T
T2

4. Bon-EREBER
4.1 80O AgNP [ZXDFBRDERBAA L DIFEIELIRH
fix O&BAA L ZETe AgNP S HUKERIR T,
AgNP KHDZ T FROEMEDFHFEG ) DT=DIT, N
NTEREF L0 T o & mOIRE T AgNP R AT ICe 8
AT DAL, AgNP REAEMELHIZEROEK
HIFZTZRL TWD, 48 A A i BE D S 823 L
(critical concentration for flocculation, ccf) B % 5& . LSP
LI — 7 MINERL 12D 400 nm £F320D 1 AR7210 Tl

2.0

Ag(1/20)
— 201348
—2013.6.5

(@)

407 nm
402 nm 4
2013.9.13 402 nm
2013.9.18 402 nm
——2013.11.11 400 nm
—2014.6.10 404 nm—-

Extinction (Abs.)
o

0.0 L 1 1
200 400 600 800
Wavelength (nm)

72 TR LDy 7V 7 TR R 500-700 nm
RPN — 7 EIE oM, ABFZE T, ik
& RAAY DPEFEEREZ CHRSTIHARE cof ZHIE
L7z, ZOEEHE AgNP H X (15-20 nm) Lhi-1- %
(33X 10"*{E/ L) 2350>>TNABD T, 1 fHD AgNP [ ZH
PRSIV TCODEBAA L DR, 43K 1 LD AgNP (2
RSN BAA L OREE RFELDZENTED, 77
BT 225360 ICP T8 HTIC LD . AgNP TR
SN BBAT Y DEZTERINTTHIENTED,

F9 Fig. 1a (TR T IOIZANLIRAED AgNP 13 400 nm
fHEIZ LSP B —2% 5.2 7=, AgNP Z3 Ukl & @z n
Z BRAT U REEELSTDHE, ERROESRBRAA O
BRI L CRPE DR E CITHRIRIEDS R S L, B E
181 500-700 nm (ZAHNAYZe e — 27 3l ES 7z (Fig. 1b)
F2, RO AgNP R#TlE, RITRT EHIZ PMBA-SAM fE
Za—hL7z AgNP RICHART, BFEEMOE —7n30%0
REABECTHY, JISLRI -0 LSP B — 7 OB R T L3z,
PRGSO SR S CHRE DM HEL TR EE 3 0 (A
—ATA IR T D) I Tz, BRAA L TED
R PGITHEIRIE (ccf) 2 F 2D DL, Table 1 OfERL7a-7,

T I T | T |
(b) gl 40 04mMcd®
0 min
”m 30
§ 60
<L 90 |
o
Q
B
£
1 \ | 603 .
. /
J
O 1 I 1 I 1
400 600 800

Wavelength (nm)

Fig. 1. Extinction spectra of as-prepared AgNP: (a) isolated state, (b) flocculated state

Table 1. AgNP D ITHARRETZ AU ML B2 @A A L (B ST HER L, ccf)

i EEAA Y EESFIAEREE (mM) A4 ¥, r (nm)
1 Cs* 35 0.18
Na* 30 0.16
Lit 50 0.09
2 Cu?t 0.4 0.087
Fe?* 0.5 0.092
3 Fe** 0.05 0.079
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ZZTHBDRIDNC, BRAF L OBRB KT HEA
BT cof DMEF LTz, AU, BE SRR IR E 1Tk 5
Shulze-Hardy HII*! (ccf oc 1/25, z:kfA A Efaf) (2RI T
BY, REBREMEFFST-BBAA ALY, AgNP KE
T DNHERANCHRIZ DT8O TH D, 1545172 ccf 1D, 1
B> AgNP IZIHRENT- &R A A D& RAELHZ LN
T&ED, FTHHRAA T O (E/ AgNP) IZ DU CEEFRTY
FRZEATH, BRI PR A 2 358 EBR EHEN
(& BAA L AT DL, T A4 D 5
% 0.25 nm%/53 &35 EB) 1-20 nm @ AgNP 1 {ED R
27 T BEK 10,000 EARET D, ZAUTKIGL T,
AgNP DER EHEWNIZERBAA D 10* [EFET 5,
AgNP JEE1E 33X 10" f#/L(0.0145 g-AgNP/L) 72D,
33X 108 /L D&JFAA L BRSNS, ZOMmIL,
AgNP-1 Kg #7290 0.38 mol D& EA A ZHift C&piL
BT, JZUBROD AgNP ~DIEIRBEIZBEL Tl fEk
DHIRVIE PRI XS N TOBEDDFELVITI IS
TWpholz, Falt kR, 7= hMb s e TR
7o BT IR HRSIBAE L, SRIFIC > TIEE D
JFRLZEIEL T eI Tndl, 22Tk, k-
DI BB AUEL T, @B AA Al &
REb o, 2O, AP O ClX A4 D
750-800 nm DOWINIRELA | O THRIEL 7222 1D
T & T A B RO D AW 5y S ik D i 3 (2,000 F
Cu?/AgNP) L L HHGL ., ICP 3T 2 k0 S Hrs 7=,

TS IZITEE AgNP Tl I o4& Eh T
AN, Ag RIELICWE LTI T UBET =4 LOFRERN
TR EAERIC XIS TG, £Z T, 2 AgNP D7
N AR NVRIEEATO, ffE SV BB A A DIFTE
WRED M2 3R F T2, NapSOs KA ClE, 7= T
=F DT NI TE, ZHUTKL T, NaCl
AR ETSINLT= & AgNP Rl O7 T FRnNE LA 4
RS, CI 7 =4 DABMEOHEEA TR
AZ DS TND, ZOZLiE, Ag-Cl iSO fEIR
BE—RDOT~ 3R (230 em™) fRHIZEDFED OB
72, EBIZ, LiCl R A ML 7 REI X, NaCl ¥shnei 87
D Ag-ClfE BN Z<E5<, 7> 210 em [ZBUHIS -, Zh
1%, AgNP R D ClAA AN <UL OKFId A4
PAEIEL TWDH LT D, 372105 AgNP-Cl-Li‘aq-
“Cl-AgNP TliE, Na™ A A AT, LirA A OfE T

A—HFT oL REWEDIZ, BB E TR
IEFREE ST RS AU TISY | R RAUIZ AgNP FHIBRREDS K
&Y, F /Xy T EIGNITED, 3O Lite CLOFHAAE
DY Ag-CL A B & 59D DR KRV EEIcE — 270381
HxnzboEEZLND, ZNHLOFERIT, &R A4 D
FrEE/ T A—HDED, AgNP RHD CI'7 =24 D
AAFRIC A 52 DR AR CHRE T 289
EICEV B BAT L OFRIG ATRE THHI L2 RLTND,
TE RN DOTZDIZ, TVFELWRENT A HED CTd,
4. 2 PMBA-SAM [EZRLT- AgNP kDL D&
BAA DR
AgNP (2 PMBA-SAM &= —RL, ¥R D pH %k
il (pH > pKa) L4 BZL T, WIVIRF IO T b itz
FZED, BT, WRTICERAA L ERMT DL,
AgNP-PMBA™--M*-"ABMP-AgNP D T/ A A
VRO BL T, AgNP 23T 5952 3L
zo ZODLE extinction AT NLVRIEIZED ., INCRLFD
LSP &&H12 630 nm {FUTIE A 7L LTz LSPIZ L DAY
PR R R NS 7= (Figs. 2a-2b) , FE SR IT BRI RS
(cch) 1X, BBAA L DO IMELHIZRKEALTL,
RO AgNP ZOfEFE[RIERIZ Schulze-Hardy HIICHEDZ &
AVHIBALTZ, ZolX | 1 fHD AgNP IZHESNDEBA A
OREIE, 4. TEFRBRIC, BIZIE Cur A A DGE | ~
2,000 fE/AgNP RO BT, ZZTIXET ., 2RI KT
X PMBA O#ERARD | AgNP 1 {HIH7-0 DA B
AR, Figs. 3a-3¢ \Z/RT 512, PMBA I3 pH (24K
HFLTHOPITT 7R 5266-303 nm (2RI E — 2% 5%
%o pHITHRAF L2V A5A3 277 nm I ZBLRIS L= DT
ZOWEDOWINURIEE | 8t a5 W TR EE L ST
Tro FEBRTIHETRELLEEDT=IDIT, AgNP (TR D
B AEHED 277 nm OWRILGREE DD Eb, Wk &
ZRAb o7, ZORER. RARHK) 8 X 104HD PMBA 73,
AgNP (ZAEL TWADZEAHIALT, 2D~ raiesrtik
THRELLAZEIL, 1D 7 72y "SRRI B L L
72 AgNP (CF££ 20 nm) OF [ Ag JEF-40K) 7 X 104 & 1<
—HL N5, EHIT, ZZTHRAET A — VO (S) i1
Bk | ICP R/ HTiEAE VT LI=E 24, 7.8 X 10
fE/AgNP & Ag JRFEE I —ELTz, Ziud, R+ 1
ENCTF A — NG F03 1 EFEE L CODZEE BT 5, &
BEIZIE AgNP OFREH SR -3 A XD /3 A1 % LT
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1.5 T [ J | ' I 3.0 T T T T T T
(@) _ T (b) " 20 mM NaCl -

@ —AgNP g —0 min
1.0 —2x10° M 20 —10min  —
— -5 20 min
5 2xl0 N S —30min
3 1x10 M © 7 —60 min
£ c
=05 = £1.0 —
- ni

00 ) I 1 | OO 1 I I 1

200 400 600 800 200 400 600 800

Wavelength (nm)

Wavelength (nm)

Fig. 2. Extinction spectra of PMBA-SAM coated AgNP at neutral pH: (a) isolated state, and (b) flocculated state after addition

of metal cations (Na")

(a) pH=
20~ —7.08 m
m —6.82
3 6.63
= F 6.46 T
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Summary

1. Objectives and Contents

We investigated to develop analytical method to trap and to remove heavy metal ions, toxic inorganic and
organic ions most efficiently from environment using metal nanoparticles such as silver nanoparticles (AgNPs).
In this method, electrostatic and chemical interactions are utilized between negatively charged AgNPs and metal
cations in test solutions. In the future, we will apply this method to natural water from ground, river, lake and sea
to monitor environmental pollutions, and to clean it.
2. Experimental procedures

AgNPs with average radii of 15-20 nm and density of 3.3x10' particles/L were prepared by using a citrate
reduction method. As-prepared AgNPs, which are covered by citrate anions, and those substituted by CI" ions
were utilized for electrostatic attraction of cationic ions in aqueous solutions. In addition, thiol molecules with
functional groups like -COOH in p-mercaptobenzoic acid (PMBA) and —-NH, in p-aminothiophenol (PATP) were
used to trap cations and anions in solutions by adjusting pH in solutions. When electrostatic interactions between
thiols on AgNPs and ions are switched on, AgNPs are flocculated, which is monitored by coupled plasmon peaks
in extinction spectral measurements. Amount of trapped metal ions was quantitatively analyzed by subtractive
absorption method [1], which was confirmed by ICP analysis. Furthermore, adsorbed species were elucidated by
our flocculation-surface enhanced Raman scattering spectroscopy [2].  Such thiol molecules are useful to re-use
AgNPs after centrifugation of flocculated AgNPs with heavy metal ions by tuning pH in solutions.
3. Results

We developed a new analytical method on the basis of flocculation of AgNP by utilizing electrostatic and

chemical interaction between AgNPs and target ions.

(1) Metal cations in solutions were efficiently trapped on as-prepared AgNPs, with a typical quantity of
2,000-4,000 ions per each AgNP, which corresponding to ~1 mol ions/1 Kg-AgNPs, which was essentially
the same for CI" substituted AgNPs.

(2) PMBA-SAM and PATP-SAM covered AgNPs showed essentially the same trapping efficiency as observed
for as-prepared AgNPs. In addition, trapped species were elucidated by using flocculation-SERS method.
We also confirmed that trapped anions and cations thiols on AgNPs can be released by adjusting pH in
solutions.

Thus, we achieved our target to trap and elucidate target cations and anions in solutions with high efficiency.

4. Future prospects

- 148 -



Further efforts will allow us to establish this as a new analytical method for monitoring environmental
pollutions in natural water quantitatively.
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