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Abstract

Abstract

The adsorption and oxidation of lysine on Au electrodes in alkaline solutions ,
and the electrochemical behavior of p-dihydroxybenzene in DMPC biomimetic
membrane were studied using cyclic voltammetry (CV), in situ FTIR spectroscopy (in
situ  FTIRS), electrochemical quartz crystal microbalance (EQCM) and
electrochemical surface plasmon resonance (EC-SPR). The main results are listed
below.

1. We have developed a new and alternative approach for preparing SPR active
gold substrates. Our strategy is based on self-assembly of gold colloid monolayer and
followed by electroless gold plating. The method affords facile control of both the
thickness and the surface roughness of the resulting gold films on the nanometer scale,
and the as-prepared substrates are more suitable for electrochemical studies.

2. The dissociative adsorption of lysine on Au surface can occur in low potential
region, and the chemisorbed species were identified as adsorbed CN" species. Another
reversibly adsorbed species may be the deprotonated amino acid, which were bound
to the surface by both oxygen atoms of carboxyl group. The CN7yy species which
derived from -CH,NH, group are stable on Au electrodes in the potential region from
-0.8 to 0.0 V, and can be oxidized to NCO", cyanate (OCN"), and gold cyanide
(AUCN )species. Concomitantly, lysine was also oxidized to CO, and COs>. It has
developed the knowledge concerning the reaction mechanism of amino acids.

3. We have used the casting method to form DMPC mimetic biomembrane on an
Au electrode. The electrochemical behavior of p-dihydroxybenzene in this membrane
was investigated. The orientation of the DMPC molecules could be changed with
increasing electrode potential. P-dihydroxybenzene can reach the electrode surface
and occur redox reactions by passing through the ion channels of biomembrane. This
reaction occur in the bionic environment,which provide the useful help to study the
real reaction of small molecules in the biological organisms.

The results obtained in this thesis have thrown a light on elucidating the

interaction mechanism of amino acid molecules with Au surfaces at molecule level.



Abstract

The current studies are also of importance in electrocatalysis, medication and
bio-sensors applications. P-dihydroxybenzene is biologically important molecule
because of its function of transferring electrons in lipid layers. Studies on the
electrochemical behavior of p-dihydroxybenzene in the DMPC biomimetic membrane
provide useful information for elucidating biological electron transfer processes

concerning lipid layers.

Keywords: Au electrode; L-lysine; p-dihydroxybenzene; Adsorption and oxidation;
SPR; EQCM:; insitu FTIRS
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5T )35, SPRG BRI TR AR FIAIR, L ZEF ] 3450 R4
(1) SPRIGEIFHEAEAEH, BEAEROARSPRIIEI, X AESPRIGHE AL EIa .
JGHE AN I AV, PRI AR T AR D 2 B AV T 1 TR
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BETIE L 48 B 7 Cu™, Cd*. 35 Washington K% Chinowsky 25 A B4
SPR 5B AR5 AR 20k (ASV) S5 ki, o] R AU 1) 500n MPb* Rl Co™" . il
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ARG E I, RISPRAT 5 v] F T-0FF0 R 502 14838 SR A AR I 5 S R AR
G N EE RN T e P ST 1 )= PR (B U vire e 5t 5 SO EN e P ) LS S G
ROk, e T AR X SPRAF 5 1 AR KB AT DTk -
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e 7 AuB R T R A I AR, B S, SRR AR, JEIRIRBE D
(5) HafkZ: SPR AEMfER A

Twasaki FlI Niwa 25 A0k AR ok 4016 4 8 HRP/Os2+/3+- 3R Z ik i 1) 48 4k

S A 2 AE AU AR R TR, JE T SPRAT OS> /0™ AL S5 S 5014 JIEFr 5 2%
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Chicaga K% Mrksich %5 AU ok Wk 5 920 38 (10406 &5 B BKE A 40 25 6 AT T
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{EIX J5 T2 HAK 2% SPR fse AP RN, 6 Tk e SPR BUKRHIAR, FF /I
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Fig. 1-5 Proposed adsorption modes of amino acids at metal surface.
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Fig. 2-8 Principle of SPR sensing.
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Figure. 2-10 PEEK Electrochemical Cell for EC-SPR
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Figure. 2-11 Bottom view of the PEEK Electrochemical Cell
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§3-1 PAEEHERIE
§3-1-1 EEH&E

K G 5 1) 1 L2 5 PSR BT Y (10 B 3 8% T =S AR AR R VR VORI i (B 73 2%
MLFFAEF KA BED, FEB KM oE 194 H . 18mmx18mmBK7 3% 55 (J5 /4 4
190pm) JLJE (FTE LEAE 9250 TN B FRATTSCIG B A OB R AR AR IR VB
ORI, T 25 K P e 45 o 35 DN 508 Iy BT 4% (1 Piranhad Vi (i
M. 30%id4 A =3:1) 1, 7E70—90°C/K¥#s20min, ARk L HifZe . Wi
Werg by, RESK 78 70Dk . Bl SR A FIS%APTMSIKIZKE L (HAPTMS1.25ml
F25mIZ R P TR RERAAE M o 75 B AR T BT APTMS [ K U8 78 43
FER, JBONBEE S R K IminG JBCE T B2/ S BCE B, T
ALK PE T o BB IS 3 RN BT B 1) 2.5nm ) 4 4K I AV W R T 4 oK
RL 7 AE, EUKAE BB R 12-18 /)M ik .

§3-1-2 RIFEHIHI&

55



JEZ VRS2 1 TR A DMPC {7 L [l R HL AL 27 R 9 Jigid

SR ARSI, TR IR A SRR AR AR 2.5nm (R S Kok T
W T2 e A3 2 B0 B A L S KR . K42 12nm, 18nm (K AKHL 1
ANBEAS B LF78 05 JE (AR, TX ] R A DR A AR VBCIRAS B 9Kk 1 | T 36
T AT AR RRAR B 25 - BT 25, A1 I Aok 2 I AFAEAH B PR o DL,
BB R SRR I A0 I 0 B 2 KR AL . SR LZE
W, SX MR RIS — FPAET JC P IR, A RIS 24 10-50nm ()37 = 4 Koks 1~ H 412
5o AERRFRAAE R, F NHOH/AUCHR A BTCE i 4 —ANIE 24 HURE B 113450 G b
K. MRAT R 2.5nm &Kk RA BRI R 55 AL, JF HAE I N4
5 APTMS 43 F Al K8 T

DRI, BT X — 7% . P s LZE A FH A S8 H E K UE, PR 4l
IR P EAR N 2.5 nm (MRS HI# W R B 1% HAUCI, 3H20
VI Aml INE] 100ml 7K, RIZEEFE 1 min J5, BN Iml 19875 TR,
RAJERF T min J5, A 1 ml %5 0.075 % NaBH, 1) 1%F7 45 FR AN, I 203+
5min, SRJEAE 4°C FREE PR8I, IR A E 0 B P A W AE 512nm 4
— R ER AN AT IR, Al 3-2 T

K13-3 2 S A I TEMRAE B, IR A il T ARZE 5 A B Can /281D,
R R I AFAEACCIREE R, IXFEA BB AR I A 4 S 3550 4 Cnda D, b %
¥ B A i WL T35 EL AR 4 2.5 nm

512nm

=2.0x10"
_

A

400 500 600 700 800
A/ nm

Fig. 3-2 UV-vis spectrum of gold colloidal solution
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Fig. 3-3 TEM image of gold colloidal solution
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Fig. 3-4 SEM image of the Au film by

wet chemical plating (A) and vacuum sputtering(B)
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Fig. 4-2 Cyclic voltammograms of bulk-Au in 0.1M
NaOH solutions containing various concentrations of
lysine 0(1),10(2), 50mM\(3),scan rate 0.05Ves™
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Fig. 4-3 Cyclic voltammograms of nm-Au/GC in 0.1M
NaOH solutions containing various concentration of
lysine 0(1),10(2), 50mM(3),scan rate 0.05Ves™
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Fig.4-4 MS-FTIR spectra of nm-Au/GC, in 1M NaOH+50mM Lysine
solution Er=-0.50V(SCE), Esvaries from -0.55 to -0.95V with interval of
0.05V, (a) -0.80 ~ -0.95V (b) -0.55 ~ -0.75V
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Fig. 4-5 MS-FTIR spectra of nm-Au/GC electrode, in
0.1mol-L* NaOH+50mmol-L*Lysine. Eg=-0.50V/(SCE),
Es:-0.40~0.80V, delay:10s, Estep:0.05V,
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Fig. 4-6 (a)CVs of EQCM-Au in 0.1M NaOH solution
(1) and 0.1M NaOH solution containing 10 mM lysine (2).
(b) simultaneous surface mass changes. scan rate,0.05V s
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Fig. 4-7 (a)CVs of nm-Au film in 0.1M NaOH solution(1) and 0.1M
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2 CH; (¥ S BRI i)y s 1378cm™ Ab MR IS A 6F B CH3 25 iR AR 2927,
2855cm™ AL, 53 S0 R CHy SO BRI BR AT 4 e 5 24l o).

1218
2927
3 1255 109?065
=T 2956/|2855 1735
X
S
<
I 968
<
3000 2500 2000 1500 1000

~ -1
v/cm

Fig.5-1 The transmission infrared spectrum of
1,2-Dimyristoyl-sn-glycero-3-phosphocholine (DMPC). A = -log(B/A).
Single-Spectrum A, CHCl;; Single-Spectrum B, CHCl; + DMPC

Frequencies / cm™ Assignments
2956 CHj; asym. str.
2927 CH; asym. str.
2855 CH; sym. str.
1735 C=0 str.
1467 0 CHj; scissoring
1378 CHj; sym. bending
1255 PO, asym. str.
1218 C-N str.

1170 C-O str.

1090 PO, sym. str.
1065 C-O[P]asym. str.
968 "N-(CH3); asym. str.

Table. 5-1 Vibrational frequencies and assignments of
DMPC molecule for transmission IR measurements
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§ 5-1-3 HHEHRIRIGNEDMPCIFEEEE

AN S50 2R FH W 152 s e ASORT P 1 46 1) AN 7] 8 5t (K DMIPCJIBE 1) )5 B 8847 1 U
5o BT RSB R AR B (2.75~40uL) %4 Img/mL Y DMPCE A
VAW, GRS BRI b CRb TR I i A R R BRI, FRATIR T S ) <6
AR IR, RIS = 55 BTk 1) DAL 2702 25 (R oK 2 68, P OB Sk [l s 4 L g
WA, iz 5&miRin—20 , BRI IEAAEEE, HCE 2530 minffiH
i, B a0 F R BEHEAT I CREIR A — AN I A 10D, 45 BG4 0 V5
JEEHE WAe5-2, [&I5-200 )5 BERS AN [ B4 1 ok R

5 V/uL JERE d/nm
2.75 3.359 2.674
5 3.665 3.245
7.5 3.811 2.542 2.488 2.452
10 5.145 5.038 2.863 3.496
15 13.366 7.726 4.935 4.561
20 13.685 | 12.766 | 12.728 | 3.488
30 25534 | 15.029
40 30.534 | 25.641

Table 5-2 The thickness of DMPC film measured by Ellipsometer.

35

30 | L4
25| ° n
20 |
€
c
~ 15} n
© | Y ‘
10 |
L |
5F [ ] x
A D v
0 1 | IS (N T [N S [N TUN R TU R T S T R T— |
0 5 100 15 20 25 30 35 40 45

Vil

Fig. 5-2 Relationship between the thickness and cast quantity.
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M B e v e ] LU B3X Rh pe i I J5E B AN ), (REA E DMPC JIRJE
JEEREGEBE BE RS RTHG 0 o FRATTIUR R T LA, R IR 5 R T 1 g
WM — BRI R (B 5-3 A FR). SCHRIRIE ) DMPC S I R E 2
2.4nm"" 7, 1 53 B R EAR KGR O RO BUE B e E G R I . ARAE LAk
e, AL R ZEi8: A 2.75 B 10 T2 a) e 1A I a2 b P 32 W el e X2 114
AR 110 TFIABIXUZ MRS, AETE R 15 TR, AXUE
R =22 5 3 6 JRRIESRE: 20 oM, A2 5 3 6 JRHER; 30 fUtk
10 RS 40 THA KL 12 =

35
30 -
25
20 -

15

d/nm
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V/ ul
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14
13
12
11
10

O P N W H» U1 O N 0 ©
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Fig. 5-3 Relationship between the maxium thickness and cast quantity(A).
Relationship between the number of layers and cast quantity(B).
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§ 5-1-4 DMPC{/ 4 FERY AT HE A B

AR 2 H ATy Ay BZ I (L-B D XUZ I CPARBUZ B i
JAR) FIZ 2 CREBEIE), VREEIERE Nk & w] B R Y BRI 7 1 X2 B HE AR
M, HIEARGER PRI EBEIEXUZ I . AR T, PR a1 % . K] 5-4
FESCHRIRIE ) DMPC B 537 BHE HuAR e TR s s B U1, skt (— Ay
1 FEL PRI B R R R — A7 1 LIS ) 10— i MR B PG SR T b, g /K P I % A
—E A L 1) AMBTRE .

ARSI A R 20 OTHKR A Tmg/ml ¥ DMPC &5, 2K E 1%
B, MBI RJEEALE 13nm id7, 200 5 2 6 ANHUE . (HIBA S A5,
RMAFAEAFELE . B 5-5 A2 )7 DMPC 0 A B AR -

normal to surface| e,
! chaintilt og T
-

‘E’U_q: L] l__\?o
& ~ .

Lo W =
sn1C=0group P\.f c-f\.— ]
= - .

og®
=
N,
»®
@
e tele
:;-',;-
""ﬁh?‘,’ slectrode surface
/,»1.(_:-;/;» o e

Fig. 5-4 Schematic illustration of DMPC molecule adsorbed on
electrode surface. The angle y is the angle between the transition
dipole of CH; band and the surface normal. (ref. 18,19)

m Acyl chain

Polar head group

Electrode surface

Fig. 5-5 Schematic presentation of proposed model diagram
of DMPC casting film adsorbed on electrode surface.
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§5-2 DMPC T RAERTF BILFEERA LR

Kl 5-6 2 HR 4 HLH 5 124 DMPC B AR AE 2 mM K3Fe(CN)o/KqFe(CN)s %5
WA IEIRZ E(CV)RT LG . BRI LUE B, 7EAR<G iR I A AR 22 Bl ot 3
0 R (R AR AR B U, T RS I 1) A BT 18 U A 3 i s A R AR T
AR AL, BRI XU R R I 2 TR, XU DMPC & B E)
e S

FLAL 2 A B BV R E T FE RO 2 30 ) 2% DA S R R T B S I = 2B, T
S TR FUAR R TS MR 2 IS AT 3. B 5-7 T o R4 vl (A)Fl DMPC
B 1) 4 HAR (B) P BELPT I o LR BRATAT A 21, #REFBARAE [Fe(CN)g] ™ ¥
WP BT (A) B = AN 2, s S sl g~ [, oS ] SR A3 ) — B
TS, AR I 2P [ Ay < BRI ST BEATT, PSR g 5 91 Ay 4 FELAI 1
LA A BT, ARATA R s BOL R 2 o Al R RS [ IR S, 6
TEMEAG UL, [Fe(CN)o > AE 28 2 B AR R 11 R ARSI U R, R 2 5%
PRI . Tk B R4S - DPMC 165 (RBHLTRE, i B A W
AR, i AR X AR A AN ARAR IR ], R AR T e R A
PBOE L, U R b BRSSP T, SR BTG O, LA A B
SRR, AR AR B B N R, MEITE B Bl O e A R
() DMPC JiE

600 | Au
| DMPC/Au

400

200

j/pAcm?

-200 -

-400 |

-600 -

-0.1 0.0 0.1 0.2 0.3 0.4 0.5

E/V (vs. SCE)

Fig. 5-6 CV of bare Au electrode (—) and DMPC/Au
modified electrode (-**) in Ferricyanide solutions.
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Fig. 5-7 EIS of bare Au electrode (A) and DMPC/Au
modified electrode (B) in Ferricyanide solutions.

§5-3 WE_EIES BRI DMPC 5Bk A BILFER

[ 5-8 /& DMPC &4 it 5 4R LA /2 & 10 mmol-L™ % 2K i 1) PBS ZZ it
R (pHO. IR IR 22 &, Horp (14 B2 8K K DMPC B AR 5 4R Au HIA)
75 PBS ZErti i it CV Bl AWKt aT LU S], DMPC M5, X 78 1
AN AR, I HAA I s iR 4 il B e it /MR 2 o B 1 A
TR e AT LR 4 PRI S A7 o R LA A AR R T A 4 R R o
ATRWAIN . Rusling 1 Nassar! WA, MBS LI 1ER T, B
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SAETEA XU S TC G R T = AR BN IR B b, SR BRI A /N 37 S R . PR
CV & R AT LLBEH], A8 W7 1] LLEE ik DMPC e84 15 2154 FE AR R THT

FRAT T8 PR 50 2 T I R0 B R 2 S A e O 5 R 1 06 Rt
AT TORIC, W 5-9 Fion. BRI LUIE i, 7E 50~300m Vs #1530 [ A,
FOUE R S AR BGE B, RIS K /e DMPC B b i B AR el A
Y HEEHI . M Randles-Sevick A3, fE 25°C B (1 fEj 4k P HL T B
jp=-2.69x10°n*?c,’D"*v"? . WEHLIR AL j, PO A Alem®, D IUERRN em’/s's o
[FIEAT Sk molem®, v Ry Viso L, MRABAGERR 2 A e F i 5 40 1) G R IEI 49
3 j/ v'?=0.0188361, %I ZMARILAIREE co'=1x10" mol/em®, [ [V ff) H T {36 4
n=2, MM ERE D H 6.13x10° cm?s.

o R Au in PBS
| =--=- DMPC/Au in PBS
Auin HQ
3 il -DMPC/Au in HQ
o
c _ - -
(&)
<
oL
S 40 Auin PBS
=~ 30 DMPC/Au in PBS
— o 20
€ 10
© 0
2t .
— 20
-30
-04 -02 00 02 04
E/V (vs. SCE)
_4 1 1 1 1 1 1 1 1 1 1
-0.4 -0.2 0.0 0.2 0.4 0.6

E/V (vs. SCE)

Fig. 5-8 CVs of Bare Au Electrode and DMPC/Au Modified
Electrode in PBS (pH = 6.7) and PBS (pH = 6.7) +10mM HQ.
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20} (]

18|

j/mAcm?

16|

14

0.08 0.09 0.10 0.11 0.12 0.13 0.14

V1/2/ (V/s)l/z
Fig. 5-9 Relationship between peak current measured in the CV
recorded in PBS (pH = 6.7) +10mM HQ on DMPC/Au Modified
Electrode and the square root of scan rate.

AR/R=1.0X1073

v/cm'!

Fig. 5-10 MS-FTIR spectra of DMPC/Au electrode in 0.1M PBS(pH=6.7)
Er=-0.30V(SCE), Eg varies from -0.20 to 0.60V with interval of 0.10V.
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§5-4 DMPC FRBE BT L B[R AL LT M 3R

4 TS DMPC Rl F A AR A REAE,  FRATTR F H A 22 SR AT 22 20 HL A7 ) R
FTIRS(MS-FTIRS), Kl 4Ff) DMPC/Au &M AN 25 1 PBS 22
(pH=6.7)", SEE-03V AENSH N, REFICHOLHE R(Er), AR5 SCLHTT
HIA7 Es, M-0.2V BATHE R 0.6V, BHXBNER 0.1V, KA —H SOH POGHOG IS
R(Es), £ 7200 — 145 ) — R A0 50 AL B 135 18 . 5-10 EZ4LH
2800~3000cm " 3z FH fr) i

] AR S S B AN ) R R0, ok 2916 em™ KR CH, 1 O R4
PR3, 7F 2846em™ Ab iU MK B CH, ISR 4idRsh. S A1 HR DMPC 4+
Bk L BE b 3L AT 06 . SCHRIRIE 24 Vas(CH) X T 2920em™, Vs(CH,) ik T
2850cm™, DMPC Jiit /2 ab TR A, WESERE e MR, JF 24 Ui i
R0221 NP e nl LU B, BT FAE T, I AS R AR RS R S BT
WA DMPC 431U 3 g A T mnift R A, IF HAE i Az N DMPC #4284
AFPIE T B )\ DMPC 75 HL R T BRI AR & (] 5-4) 7RI %01, DMPC 731
PRI BE R H A 2R T AR R — 2 BT o S H TR s i, o] B R O B B 5
AR T IR AR RS, 1 CHL RO AR AR A T 1 AR 7 i 1) £ Ry N2, 38
AFLT AR R T 1 9 1) Vas(CH) A Vs(CHL) IS 5 o 64N, I8 AT g i T4 6
Gy TR I H SO0 i 2 ) 7 LR (A2

§5-5 MEZBELRKEBIRLEBELRLLIMAR

TRATT I S FEA AR S A Eo0 2R I I A LB . 18] 5-11 /& 10mM 4 2%
B PBS WA AR S AR b A I R RIS SR AT LT A RS, LL-0.3V A S
e fr . 4R A 8 NS 0.0V B, 1659cm™ AbH BRI R B s oicid, 0 T
PR X3, R VA R IR T ARG 1LA-RBRIY C=0 MRS i .
BB TXE BT 0.0V AATFFUAEAAE R 1,4-2KF . 1596em™ b i fi W Ac U
AR C=C (MMAEIRBNE,  F TR 537 (1 L0800 A 19 XOUBEE 1 e A7 ) A1 U8
B, 1315em™ {6 R IR KB C=C AU b C-H “FiZs fikshig.
1650cm™ . 1512 cm™ A1 1473cm™ =AM IE WWBUEFRIA Y C=C M4iesh, X1
R B SRS ; 1242 cm™ AT 1223 em™ 356 ) b (R0 T4 25—y O-H
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VA PRSN. 991em™ AL IE [ W X 2K ) C=C I H [ TH4MEIE R RS,
P IR L8 ] 1 ARSI AR 7 1,4- KB AR, 1) AR WAL U 0T I X6 248 Iy 14

7}32/}\[24] 3

=4.0X10>
—

AR/R

TN v
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Fig. 5-11 MS-FTIR spectra of Au electrode, 0.1M PBS+10mM HQ
Er=-0.30V(SCE), Egvaries from -0.20 to 0.60V with interval of 0.10V

FH T 3 U I 2 v oA by SR LA L, 0 R RS — AN L 44, 25 S R
PBS ¥ i IR AR LA A I — SR R AR AR BLAE T . 2046 rpids v) LUF 2
1096cm™ £ 1063em™ 2 [] (1 1E [ W e, of - PO, IR AR 44 5l - 1160em™
[ G [ IR U I PO (1 SO BRI R 3 o 1024em™ B 1) 47 1 IR AT I 5 A Ay
PO TR KM A5 R 5. 1200 cm™ F1 940 em™ 4b [ 47 1] W 53 515k P-O-C (1445
MRS . AR FIREE AL, FRATTHE D LE B PR 2% b v o o 48 1 ) LA BT L B A
T
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HOOOH _— O=<:>=O +2H" + 2e (5-1)
O=<:>=O+ O P OH—>O=<:>TO 1 QO I
O P OH o) P OH

(5-2)

O
[
OH

OPO

§5-6 FE_EME DMPC IREER E B FHUBRALIINAR

NRZER IR By TE DMPC i b RGP, 34T Ak 22 iy 2 20
f7 K FTIRS(MS-FTIRS), [Fffi% ¢ Er=-0.30V, Es )\-0.20V Z LT =% 0.60V,
AF1E DMPC/Au HIRK E—RBIHAL LG, il 5-12 Pios. Bl 5-12(a)h
PG 2800~3000em™ [FILEAME ], I\ 2900cm ™ PRUE IV 3 1 3 e ] LA A 43¢ 5]
FEEEEE A2 1 AT DMPC 7E%% H PBS WU H A A — 3. DMPC I8 22 BEROIR A,
WEIEAE & SE iy, 24 R MG, &AL DMPC #2874k, DMPC
G FHUA R AR o [RS8 73 9 e L A 2 g 23 DL R RV A o

K 5-12(b)45 i 1800~900cm™ 2 8] [RILE AME &, HAE ARG Bkl ESRAF 45

SIS X UAXEE W RE B DMPC RENA & AR Ak v, H
S AL S AR b2
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Fig. 5-12 MS-FTIR spectra of DMPC/Au electrode in 0.1M PBS+10mM HQ
Er=-0.30V(SCE), Egvaries from -0.20 to 0.60V with interval of 0.10V,
(2)3000 ~ 2800cm™ (b) 2000 ~1000cm™
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§5-7 XMEERE DMPC BREER EBFILE EQCM iR
§5-7-1 FEZEE EQCM-Au Bk FBEELE EQCM #5R

5-13 #5H EQCM-Au HEARAE 0.1mol-L'PBS(pH=6.7)%% A ¥ T IIEHA AR
SRR (0 AR A i 26, 4996 PR AT E B AE-0.6V~1.8V ] (5248, ARSI
A TR 0.34V~1.24V Z 0] (REZE). 7E EQCM iR¥H, FAIH s g —#%
o AR S AR AE N S % Wby, 75 4TI 41 B 0.34V(vs RHE)AR X T~ LAY H
K WA Z L Fa R IR 0.0V (vs SCE)
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Fig. 5-13 (a)CVs of EQCM-Au electrode in 0.1M PBS solution.
(b) simultaneous surface mass changes. scan rate,0.05V s
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5-14 4511 EQCM-Au HAZ2> JI7E 0.1mol-L'PBS(pH=6.7) 4 VAW (1) A1
10mmol-L™ Xof 2 - Wn (2) HH (K308 AR 2 VA L 1) e i AR AH i 2 o 7E ] 5-14a
(FIBR S IEOR (1 EQCM-Au HIRRAE PBS 25 AW P IR IMR 2 £, W] LU 2
f7T 0.85V &b —/ M 955 kg, LLAAE 0.55 Fi1 0.88V AR 950 J5ibg . &A1
ST HoPO4 A1 HPO, W/ AR B 89 7/ R I B, HSUss TR AE T
Pt T 5 R A 99 PR AT Ve o 00 2 PR B AR A I R (] 5-14 b-D)H, 4 A
0.34V IEF12] 1.24V [ #2, G381 3B AR KR P B AR B2 1A H.O 1
W B, it P T e 2 T T 0, % I R B 2 W B P 3 i . IE I R e
RN T 141.16ng cm™

MK 4-6(b)H 152, M HALM-0.6V 1E 7 %-0.4V (C—D), 25 B,
W B 55 T Epzcau, FEARERIIIAN IE BT, YR 2011 B /N OH I i1 15 v
W = A R AR ELAE S BUR T 2 TR KIS Na™ il Ho0 737,
M5 S AR 3 T T el s TR 2 BRIV VR, SR T B A AR, AR T A
7E ON"LL A2 TR AR 5 (W B, 50 I ) =38 BB A% A e b o 4 2 1T

ML 5-14(b-2) A %1, 4HAI M 034V IE R4S 0.71V(A- B), FHiE
AT R, I8 T 11 7ng om™ e XIS AEAEARIBIING, RO T BRIRAR I B T
T4 I F IR BR, SO R TR PR E . MEAIN 071V HE—bHdi %
0.92V(B- C), B Ay T4y o B S AE R, AR R TS A 9k T 31.0ng
em™o FERCHURZ X IA], RH P MR R IL IR 0K C 75 2 R IR B s 1 R AR

(ZAMEAE 0.7V BB P-O-C X RRAM RIS 4R ah04 ), B InEmR AR 1) 2
RS2 REL, ] FsF 52 i W B 7 2 T R AR ARG k2> o 7 0.92V 3] 1.24V I HLAZ X
[ H(C—D), FRIHPURE R RSP, 25 AP, SLBOmE S oy
28.1ng om™ . MLINTBEFT AT, BEERAR TS IOWLB R AE Gk S aR, IR

FHAL.
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Fig. 5-14 (a)CVs of EQCM-Au electrode in 0.1M PBS solution

(1) and 0.1M PBS solution containing 10 mM HQ (2).
(b) simultaneous surface mass changes. scan rate,0.05V s
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§5-7-2 BETBESH
WIEAE B2 B — S WIE 2 — AR . BRIk
TENB RPN, BEAS I 7 B OB Al —Sc T, XA AN 5 IR DU Bk & 70 B
P fulh R 2 T e FE T PR IF) B8 107 L R T B34 o AR R B 1
B T 0 T o3 T O R B M U A B S ORI B IR R ik
PR A T A A 25 R P T (R T, A4 28 e R B8 3 2 Sl i
T RS K (1 25 38 30 (0T TR AN S P 5 DA Rl R s DA S0 A AN AR
), GEIE RN, K T ARER AR (2) RIWMAAEN, WEITE, fvF
Gy AN, SEENTE R A R A SR I o DR PRI TR P e T R
WIAEAERS, I PB IR TR HRAS, 701 R G I W S e AR T . i i 3
RAHEAERT, W] 52 b W G 71 R AEAVE L, AT U B G 23 10 P HEFDIR A
A AR R T PR PRI S5 A R A AR, P 2E B FIRE A T IFBOIRES Bk, &7
AT AT 30 2 0 3 Bk AR TR AR AR N . 1] 5-15 4 YR I IE R R

K
O RENGF
Channel closed Channel opened

Fig. 5-15 Schematic diagram of Ion-Channel.

§5-7-3 FE_ERE DMPC [ERiR LB F A EQCM # 5

FR CATHE T X T YE EQCM-Au Fi b F R AL HAEAAT . FRATH
DMPC 3245 7E EQCM-Au it |, 743 T 7E 0.1mol-L ' PBS(pH=6.7) % [ ¥ I &5
10mmol-L™ X 28 Ty vh AR A1 #R B 22 ROV, (1) Ji 2t A 1 T 28

K] 5-16 & EQCM-Au Hi#2(1)H1 DMPC/Au HH.(2)73 7 PBS 45 FIE W
i, Mt thee B, TEANERERE S, EQCM-Au HUBK R T 5t i# 48 i
T 141.16ng cm™; 1fij DMPC 5 F AR 3 [ 5 S k> T 524.29 ng em ™ X R4
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T IE R AR R T A H AR N . BQCM 2k s A LA TE 41 s % T R
W) ot R, 2 P S I R TR B S K o 3T R A R A MBS [ A T
FIE H gy 23 DR a3 gD, St 7RI AR (X0 W B 7= A= 4V E e o e — A
LR » #i4 F A R T LT 3645 484K . DMPC i HR AR e 1T s kb T 19.2 ng
em™ o 0 IR HLAS A A I 7= A B g 3 5 9 o 5 2K

Kl 5-17 J& EQCM-Au Hi#%(1)F1 DMPC/Au HLA%(2)7 IAE S 10mmol- L™ % 4
VR A PR AR e R N S i R 2. Ve, IR g KA TR
0.95V LLJ5 FLyRIERGH g . proet W) prs AR ih 4k, 7EA 0.34V IE43] 0.95V
I FE(A-B), TR T 22.79 ng ecm™, HAZHE— M 0.95V IFFIE 1.24V
(B-C)[FkfE b, B HL g s i, 2K Wy iz il 2 s i ik A DMPC
5 BT MR R TR A AR R, I N T 170.68 ng em™. YA £14]
#] 0.7V LUG(C-D), ZRERA A S5 A SRy . SCIRHGETBQ 134 5 R AE
DMPC fii¢ Erf L= —Frh[alid Ji =4 BQ', ‘&1 DMPC s — & Ml &1
HY, ATREE D XA R R SR (B 2 0.7V LU e SO A1, AR LA
18.54 ng em™. H1-T- DMPC JEAE Hidz {1 F R 28 iy bk Fvh 2 = AR V2 4
B, SOE R B LA AT LG BRI BB, 3D T 34.82 ng em™.

K 5-18 45 111 EQCM-Au Hi# A1 DMPC/Au HLRK 73 I4E PBS 25 I R &
10mmol-L™ X 28 Ty vh A A1 FR B 22 ROV, (1) Ji 2t A8 1 T 28
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Fig. 5-16 (a)CVs of EQCM-Au Electrode(1)
and DMPC/Au Modified Electrode(2) in PBS (pH = 6.7)
(b) simultaneous surface mass changes. scan rate,0.05V st
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Fig. 5-17 (a)CVs of EQCM-Au Electrode(1) and DMPC/Au
Modified Electrode(2) in PBS (pH = 6.7) +10mM HQ
(b) simultaneous surface mass changes. scan rate,0.05V 5!
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Fig. 5-18 (a)CVs of EQCM-Au Electrode and DMPC/Au Modified

Electrode in PBS (pH = 6.7) and PBS (pH = 6.7) +10mM HQ
(b) simultaneous surface mass changes. scan rate,0.05V 5!
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