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SMANTESERT LA RK pH ERIRWR

AL F B O 8 X KB AER
(XKL 5T TRER, FHARTFRLL, LR 100871)

WE BT HRME (AFM) FORETHEW S SR (SERS) FET pH HHEHARETE Ao/ ®
EXEAAEMEN LARRRNERN. AFM SREY, SWMERRETEETCAHERAR pH #
R AR EN L. REREAQEMM SERS REH pH EHELOABLUMBE. MR
T, MERFTH, ENFEUEARL, MERERGT MERTEHES, SHTESEEFRH
B ROWHERRRTREAEZEGERRTES, pH (R 8w B 0 8 i 7 TR
AR TR R

x@i. EMEET AHEEM  AFM, SERS

B & kR SH AT RARBIRA, LR TFAERLCHRMNERMEESEHZE
TrEe B . g, fE gk TR RE H A 2200 B 40 M IR A SRR T —
oE oA dE AR, ST e R T S 0 3R 8 #8 (Surface-Enhanced Raman Scattering, SERS)[2-3] |
Hfbg 07 Bpd TEe B @arah. HRIIEWNNIE, AN B R E SR SXH
HH 2 S YRR b TR R ERE R AR, LTHEM _fNFsEmE
KWW BT Grabarld 55 ASR T 450 MM R AR ER TR LEFORR TN EE
R RBEES RE LAt MHEERMERERLRS. ENHERANEENTREKHES
A, MEKHERES, pH HEA-PMEREGSY, &R D5 5 MR 0NN EEN
FREHRAARE, WTEMAERTFOHRNRE>EEmn. FRLWE pH fEMATEER
.

RBANTERE pH H4TH SR TAHED MHEL XM (paminothiophenol, PATP)/ &£ H#H
e E. BFE TR (Atomic Foree Microscope, AFM) TREHER, HPrE I AR pH 16
fEH2E = PATP B SSEMBRE K T AT . FEHEX X R Rk R4 SERS #ir#
. WNLEFESHN THREE EEM SERS WBANM pH H& A RRENER HEaH
3,

1 =CIgER4
FAEHERE (PATP, 00%) ] HAuCl-3H.0 M H AldrichiUSA). R EE FRSEMAER
{Puric-Z) ¥k EMEH, BPHLAEY 16.8 MQ-cnn. HE M0 085
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500 e . . . 1.1 Au BEMSER pH EHOET
400 © _ Au BEEFAHEE R Frens”) 9 kk.
| ¥ 150 mL 0.01%(m,/V) B9 HAuCl, KiE
300 O L.t Qocunareeres | FOMR TS, EEAMETRENMA LS
¢ ol e L. 19(m/ V) FIFRERGARN, (R
S e a ] BARE B IV 15 min J5 M, SLEmHE
L1 1 '_';'é.-.g. a FEE. #LHHE (Transmission Electron
N qg‘-é ] Microscopy, TEM) # : BFFHREY
S . i i 39.3£5.3 nm.
v s !fhm 15 w0 ¥ ER Au ERRAGIREET 16 £, o
B 1 EaSamnENEn HRMARE pH EH B HF. EpHHE
Fig.1 The time-dependence of the cover- BB 1 mmol- LT EEM - B
age of gold nanoparticles #1; & pH H#f4 A 10mmel- L 'NaOH #&
O pH=4.0, A pH=5.8 BETI . RSN - WA (UV-Vis) 0
The coverage refers to the number{n) of 3 pH B e, BREEY YERE
gold nanoparticles in an area of 2em = 2pm & 0.63 1.

#£1 WASBRNGRERS pH HREL

Table 1 The variation of pH of buffer diluted gold colloids before and after assembling

Solntions pH
I 3.50) 4.00 4.502 5.03 04T .96 T.60 10.96 11.98
I 3.58 4.07 4.00 5.08 .50 5.03 T.09 10.08 11.54
m 1.62 4.10 4.59 5.08 5.50 3.08 T.405 9.26 11.04

L. bffer solutions: IL gold colloids diluted with buffer solution: III. diluted gold colloids after
assewnbling,

1.2 A%

S B0 BT B P R B TR AL b . SEORRSREE (111) B IS 10nm EAEAMER,
MM 200 nn 98B (VS-24C RIE RSB 25, BE INNOTEC 48). &K 90 C
Piranha §F# (HaO2:Ha804=3:7, V/V) 4bFE 5 min , SRiGENHBESEA, ZFHET S BA 1
mmol-L=1 @ PATP/ Z BN PE S 24 1 BULEH Z8E, Sk, SEEEMHhE T, mE
Ale] pH {H# A FEHEPHELE 6 b, HREFE A T A NS, B8OKTs e, ST
1.3 AFM FE{F

AFM MMEERFAIME DI 486 Nanoscope IIA HIBHEFTF BH A, TSR EHL
(Tapping mode) , {#§ FREEFLRE, THRFBHTRILS. SR TFHESEUERET E=1
Afrl A | 2pmx 2pem) PN 8RR TR E SRR
1.4 HEXUNE

B e R EE Renishaw £5F18Y System 1000 BY B {2 &AL Bl AES
BOE (6328 nm) , WEXRERAN 1 oo, BRE AHEMNS NS (CCD). BXCHE 10 -
SERS $8AE A 1E R —#eah LAYRRE RBEL 15yl it i o 5.
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2 TRERETR
2.1 BABEN%EE

H TR pH ME40OR TASR LA TN, SEEANBEAEY pI HHERRFAREE
HEERMBREE. F1ALTHATHRESHRYEMEN,. REENERRURSTA%UE
& RER pH (TR LS. f64E pH 8B (pH=3.50 ~ 7.60), RiEFITRE - IHREM RS
HE, 758 pH HHE (pH>10 ~ 12) RS AARER. GHEFER - FERASWEREET
ZEHE. (1) A BREARRYAEFEEY Cl- , OH- MFEREET Y, S
Gk RRSSIHHOWE.  (2) BO AT (FERRR) AR o L R B TR
Hagm, WenpaetiE. fn, AXHEmEETe pE=32 8 Au BREE—XE
FAMER W BAR, A HCEHHHERE pH HE Au BEZMRI. (3) ZEMFRERN
FF G pH MENGRBOSMERH, SIEEmA Au BEERAESBSER pH JUREFR
K. MR ITUESY, LSk RERE, ARN0E pH HEARERT, EWRMNM4%®
FRGEN. 58 pH M, RIEFLWAHBNEFESMRN pH H, HENT FIIAFD
R BT Ak, 3 pH BEHIRIRRIF L8, NEPHBREMFITLUES, m pH=10.96
il pH=11.98 HEAALS B P I RBHEHRBEH pH 49 TREX 10.08 #1154, B34
AT RIS, 1 pH B TRER 0.26 F0 11.04 , DR N AN SN N E I,
W@ RE AR, EEeRREMATIIAAREET (HERREEENET) MR R
oy CO, & pH TR M, REmN 4 LM B0,
2.2 AFM Hise

AR TRHERE - MEF T AR, FRBESEREE, 0HE, pHM., HTRESH
AT, R EYE TREEN M. AFPM MESEW, BFENT LS b
e3P RE b 2panx 2on TR MR T, WE—-BRERRM ST ABAARHENSER X
THREHRATERE, RORASIEERFROTHEERREEE. mE 1 Bim, 8RN
TIRG I B, W PR MR ] 9 IOTI A A, it —BrwiilE, BMAEREMN, B E,
IFER SRR A E LA TSE. XRSLRIRYE Grabar HAMER—F V. 11N, %
WEGETEL, WS A RFIHEH, MARTPEE PmMEFNEERLAR TSRS
66 W 3| {5 F Bk FE 40 E HE R fE Al 7E A TfEh, RANXOME pH AR RENY
MR, HATEERCT BT MR E T AR e — . B 1 TTRUE L, pH=4.0 Ml pH=5.8
i, RMHHEAAY 6L EMTARTESE. Hilk, ©ETMERG, RITSHA%ESY
G h.

@ 2 HFERE pH RS TR An gRE T AFM BERBESR. WE QTR L,
Av SRR R M T RS, R EMARERL, AR pH BT BRI M SEENHRA
FAREEE A pH EEE, WA 3 KR, 18 pH AT 5 6, BRI pH (08 S TR,
15 pH {4 5 B 8 26, WHER pH (HMN2EI TR, 2K ol AR EESETE.

TR, BT AR S A R T A 2 e R Bk TR A h
M. pH R TRE ALV F A, (1) pH EAPECEREM A R THREEAMNESGED;
(2) pH BB Au BFE B R AR/, TR AR 2.
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B h 1
B2IFEpH ATHEN A REET AFM ERE
Fig.2 AFM images{2pm«2um) of gold nanoparticles assembled at different pH values
pH: a) 3.58, b} 4.07, ¢} 4.55, ) 5.08, ) 5.50, ) 5.90, g) 7.00, h) 10,08, i) 11.54

Wi 57 pH 3 An SENTFHHEOAA DGRBS, 8RN T TR LA
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FFHEAHXAMNBEFS -F, TAVHRELUREREIOT S T5SRAMEN TS
U, AN RESBEER MY, ERERTHHKRER RNOEBEZRIFHIEE
TiE—Fifk SSRRTHSRaHN 2, FRONMTERRATH AR LR SH PATP
HARMBIEAENRETHNY (DKo T 48 F 6.4 28 U225 mpLigd 4,
Y pH HERT pKyyo B, HERBTE SHENTFZETHRERS, Av SRR TSR
FIGALRE: MY pH HET pK,y i, BERFAFIESR 5 Au BT ZREFERROBER
3l ERFESSERLES. MRLULHFRES, IEERERGFTHERERGFTES B
BT, An RTHMTFEBEAIRT L RINYEREREN, 67 pHHET, RTER
FrZE, TWEMEpH MET, RFEFHR. BRHREMNAN, AviPkRTFESEREIOARER
EWREAERY, pHEMEMAAEER FLBREZWIDKN THEER. 3 pH<S B,
REKBSAFE RORFETRL AvERFHREEIELETRA: pH>I HEE
AEE, Au SRR FEEERETH, ME pH #7458 7 2MEAEWHH, REBHEHE pH
I FT TR, W Ao BT oY 28 8 AERY pH {8 78 T 2 BB R

pH WIREMLEABLAEE 0T LIBOE Au S0KRFRERMHERFS, X—RTUA G TR E
RN pH HAEABIIEL. pHIUHE, dikEBRgx M, B8 FREREY AT
WME, HTFEFAMA. Grabarl! BUNNFEMFHRERENRAYBRE. pH {IHT,
BT A HE R M T T S R, d AT, pH EARERREARR R T ERERN
FEgHERFH, EMNtRERMGSEREEE— OaEN ERMEET, S8 7688 H NS
teay k.

54 T T T T
SO0
; |
A0 4. o
1 E E']; pH=3.58
300 A 0 i pH=4.07
l1 pH=4.56
20 4 B "
= \ ] pH=5.08
[]
N __,_AM-._——-\J\—-/L_E__ vj=5.t0
11 A . pH=593
"y ] A - pH=7.00
- pH=10.0
e pH=11.5
2 a & 8 10 12 800 1000 1200 1400 1600 1800
pH #jem ™!
B3 Auv BWESFEEESES pH @R B4 #FE pH fiFAE Au $¥NFEAINN
Fig.3 The pH-dependence of the cov- XFh SERS @
erage of gold nanoparticles Fig.4 SERS spectra of p-aminothiophenol
The coverage refers to the mnmber of monolayers covered with gold nano-
gold nawoparticles (#) in an area of particles assembled at different pH
Zpam x 2pem Power = 0,15 mW: Exposure : 10 s

& i e 0 T 4L 2 ) R T B RN R TR A R DO, RN iR - Mgk
FE R PR 10 mmol LY, REAEDLE 0% , ARG HTEYE. HERSAENS
FRE (WPEETTE 1 ~ 10 mmol L™ 2 &) #5850, RHELEREGT, HUET

a72 WULI HUAXUE XUEBAQ {Acta Phys.-Chim.} 1998



8 B O e ) B e b pH HRTARAREWEENBE, SN FEREREMAR ETEERY
pH {EEH.
2.3 SERS B3¢

FIH Au SR8 THE FEETLHE SERS BHEE P85 framysd, #MEBE4F PATP
ABEXN Raman BAHEE, HEBK Au RFREEFFEMEM{ILIEA{ES PATP @ SERS f§
SR B MED]. AT AFM B-hafF L, SRR pH HF YRS ¥, 4 SERS
BERTHLA—EATAMAE 7 RIZEE pH H Av HFALRT PATP 45 KA SERS i#
i, HRwE 4R rMRERGTeHESNRE T, pH=10, 11 MEBRFESES, EE
RS EMEF PRI ER NS pH=3.0 ~ T EEANATEENEEES, EHEEEHE
*. RFELERSEREENSER—FN. 18 Raman ##HS, RIE voa) RBEEL
(1075 em~1), BVEMSBE pH EEEH, WA 5 Fr. '

1400 T T ' T HEE 5 M 3, 8BIEM SERS B
1200 { ] pH R b8 30 5 35 IR pH { A9 b
1000 - | $—F, HATEpH {HY 5.8 RHE L BH .
4 s00] {Iﬂ 1 XRE SERS BMEESRFHA/NHEEH
2 600 - ' %07, fERFRA—EMRE T, BT
£ } 1 W %EMMT TR, B SERS W
200 ' ] BT {7 — S PR HE b TIT L e o 5
o IR {k. {HE SERS BEMRMBERL, XREY
R z H o 12 SERS 38 M Wi AR T R E gk
pH FagHEsI KR (0. RFEE, RFHHE.

@ 5 SERS BESEE pH #ihxR I gt
Fig.5 The dependence of SERS in- HERF) , 0TZHRR TR TSR

tensity on pH values for gold mLE, #SrmRs (081 ~ 2 ) ARHER
nanoparticle assembling FEOELAR. BMEBREHEFE, SERS BE
B {0 22 R SRR

3 &

RINFERR pH (&M THESAN FHRE PATP HHRE L. AFM M1 SERS B4
FUEET Au PR FRBLE ML ERRRFEASS. £ SR f ki THEERM pH
HL AR B, XFERRA T pH AT REN R FARERN Au RFREW R RAE
. [ SERS MR pH (A% SWEE 2 380 SERS R EM T LRER B L M
= AEey k.

# % IR
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pH-Dependent Assembling of Gold Nanoparticles on p-Aminothiophenol Modified
Gold Substrate”

Fu Xiaoyi  Ma Tao  Wang Jian  Z2lm Tao  Liu Zhongfan
{Center for Intelligent Materials Research{CIMR). College of Chemistry & Molecular Engineering,
Peking University, Beijing 100871)

Abstraet  Au nanoparticles are asseibled on gold substrate modified with p-aminothiophenol.
AFM measurerents show that the coverage of An panoparticles is closely related to the pH value
of colleids, The SERS intensity also changes with the pH value, which is well consistent with the
pH-dependent change of the coverage. Tu alkaline solution, the amino group is not protonated, and
An particles can not be adsorbed on the substrate: while under acidic environment, protonation
iakes the awuino gronp positively cliarged, ad the adsorption gets easier. The interaction between
the particles and the substrate is considered to be electrostatic. The pH value, which controls the
coverage of Au nanoparticles, atfects bhoth the protonation of the anmivo group and the quantity of

Bl negative charge of An particles.

Keywords: An nanoparticles,  Selfassebly, AFM, SERS

Beceived 1908-01-20, revised 1998-03-23. Corpespowdent: Lin Zhongfan. ¥ The Project Supported

by the Climbing Program

974



